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ABSTRACT

The master thesis contains an explanatory note on 110 sheets, 37 figures,
and 13 tables.

The aim of this work is to study the behavior of copper, lead and related
metals — impurities-arsenic and antimony, in the mine contractile melting of semi-
products and circulating materials of lead production.

The following tasks were solved over the course of work:

a) It was found that the proportion of copper oxide losses during melting
prevails over sulfide losses is ~78 %. To reduce copper losses with slag, first of all,
it is necessary to provide measures to reduce copper oxide losses.

b) It was found that the proportion of lead in the slag in the form of its
sulfide is high enough (~50 % of its total content in the slag). This indicates
incomplete recovery of lead sulfide and separation of matte and slag during
smelting. The presence of dissolved form of lead in the form of metal in the matte
(50 % of its total content in the slag) requires measures to reduce the proportion of
lead dissolved in the form of metal in the matte. The high content of lead in matte
(up to 25 %) and slag (up to 1.7 %) has a significant impact on the extraction of
lead in lead bullion, which in mine contractile smelting is low and barely reaches
60 %.

The results of studies on the distribution of arsenic and antimony between
smelting products showed that arsenic is distributed between matte and lead
bullion. The transition of arsenic to lead is associated with the formation of copper
intermetallic compounds. A significant part of antimony is concentrated in the
lead, which reduces its extraction into gases. Extraction of arsenic and antimony
into the gas during melting is 43 % and 41 %.

The results obtained show that in order to increase lead recovery in lead
bullion, it is necessary to organize measures to reduce lead losses with matte, and,
first of all, to minimize the proportion of lead dissolved in the matte in the form of
metal, and then to influence the reduction of lead sulfide content in the matte.



AHHOTALMS

HuccepranmonHas paboTa COIEPKHUT TMOSICHUTEIbHYIO 3amucky Ha 110
JUCTax, 37 pUCyHKOB U 13 Tabim.

[lenp nHacTosimielt pabOThl — H3y4YEHUE TMOBEACHUS MEAW, CBHUHIA U
COITYTCTBYIOLIUX METAJUIOB-TIPUMECEN! — MBIIIbIKA W CYpPbMbI, MpPH IIaXTHON
COKPATUTENIbHOM IJIaBKE MOJYIMPOIYKTOB U OOOPOTHBIX MaTepHUalOB CBUHIIOBOTO
MPOU3BOJICTBA.

B pabore perniensl cieayronye 3a1a4u:

a) YCTaHOBJEHO, YTO [IOJIsI OKCHUIHBIX TOTeph MEAM TpH IIJIaBKe
peBaATUPYET HaJ CyIb(UIHBIMU MOTEPSMU U cocTaBisgeT ~78 %. Jlia cHuKeHus
noTepb MEIU CO IIIaKaMH, B TEPBYIO OYepellb, HEOOXOAMMO MPEeayCMOTPETh
MEPOIPUSTHUS 0 CHIKEHUIO OKCUIHBIX MTOTEPh MEIH.

0) YcraHOBIEHO, YTO J0JiI CBHUHIIA B MUIake B ¢dopme ero cyibdpuaa
nocratouHo Beicoka (~50 % ot ol1iero ero cojgep)kaHus B MUTaKe). DTO YKa3bIBaCT
Ha HEIMOJIHOE BOCCTAaHOBJICHHE Cylb(Ua CBUHIIA U pa3JeleHUe IITeHHA U [UIaKa
npu 1uiaBke. Hanuuue B mteitHax pacTBOPEHHOUW (popMbl CBUHIIA B BHUJIE MeTalia
(50 % ot ofmiero ero conepkaHusl B IIIaKe) TPeOyeT NPUHATHSA MeEp, IO
CHIKEHHIO JOJIM PACTBOPEHHOrO B BUJE METajlyla CBHHIIA B IITEHHax. Beicokoe
collepkaHue CBUHIIA B mmTedHe (1o 25 %) u nwiake (mo 1,7 %) okxasbiBaer
CYILIECTBEHHOE BJIMSHUE HA U3BJICYEHUE CBUHIIA B YEPHOBOW CBUHEIL, KOTOPOE MPH
IaXTHOW COKPATUTEIBHON IJIABKE HAXOAUTCS HA HU3KOM YPOBHE W €11Ba JOXOJUT
110 60 %.

Pe3ynbTaThl HcCIEIOBAaHMI IO PACTIPEAEIECHUIO MBIIIBIKA U CYPbMbI MEXKY
MPOAYKTaMU IIJIABKU MOKA3aHO, YTO MBIIIBSK PACIPEENACTCS MEXAY IITEHHOM U
YepHOBLIM CBUHIIOM. Ilepexos MbIlbsika B UYEPHOBOW CBUHEI[ CBSI3aH C
o0Opa30BaHWEM WHTEPMETALUIMAOB MEIW. 3HAYUTENbHAs YacTb  CYPbMBI
KOHLIEHTPUPYETCS B YEPHOBOM CBHHIIE, YTO CHUKAET €ro M3BJICYEHHE B Ta3bl.
W3Bnedyenre MbIIIbSIKa U CypbMBI B a3 MpH miaBke coctaBiseT 43 % u 41 %.

[lonyyeHnHsle B paboTe pe3ynbTaThl MOKa3bIBAIOT, YTO JJIs IOBBIILICHHS
W3BJICYEHUS CBUMHIA B YEPHOBOW CBHHEI] HEOOXOIMMO OPraHU30BaTh MEPOIPUSITHS
[0 CHI)KCHHMIO IIOTEPh CBUHLA CO IUTEHHOM, NIPHYEM, B IIEPBYIO OYEpPE.b,
MUHUMU3UPOBATH JOJIFO0 CBHHIA, PACTBOPEHHOTO B IITEHHE B BUJIE METAJLIA, IOCIE
Yero BIUSATH HA CHIKEHHE COJIEpKaHusl CyIb(Gua CBUHIIA B IIITEHHE.



AHJIATIIA

Huccepramusuibik xkymbic 110 6eT Tycinaipme xa30anaH, 37 CypeTTeH KoHe
13 xecrenen Typansl.

Ochl KYMBICTBIH MaKCaThl — MBICTBIH, KOPFACHIHHBIH JKOHE 1JIecIie
MeTaJIapJblH — KOCHANAPbIH-MBIIIBSIK TE€H CypbMaHbIH, KOPFacChlH OHIIPICIHIH
XKapTbllall eHIMAepl MeH alHamMajbl MaTepuajgapblH IIaXTalblK KbICKapTy
KE31HJIeT1 ©3TrepICTEePIH 3ePTTEY.

KymMmbicTa keneci MIHACTTEp KapacThIPbUIFaH:

a) banky ke3iHme MBIC OKCHATI IIBIFBIHAAPABIH  YJecl CyabGHUATI
HIBIFBIHIAPAAH achlll Tycedl skoHe ~78 % - nmbl  Kypaiiabl. MBICTBIH HIBIFBIHBIH
a3alTy YIIiH, OIPIHIIIIEH MBICTBIH OKCHATIK IIBIFBIHAAPBIH a3aiTy KOHIHJET1
mapagapabl KapacThIpy KaxerT.

0) IllnakTarpl KOPFaChIHHBIH CYJIb(HI TYPIHIET1 YJIeCl KETKIIIKTI HKOFaphbl
(OHBIH HUTaKTaFbl Kaiambl KypamblHbIH 50 % - b1). byn KoprackiH cylbQuaiHIH
TOJNBIK KaJMblHA KENTIPUIMEYIH >XKOHE OaJIKBITYy KE31HJE IITEHH MEH HIIaKThIH
Oeminyin kepcereni. Llteitnaepae Meramn TypiHae (OHBIH IUIAKTAFbl SKaJIlbl
KypamblHblH 50 % - BI) epiTuireH KoprachlH (OPMACBIHBIH Ke31eCyli, OHbBIH
MITEHHAETT MeTaul TYPIHAETl €pITIITeH KOPFACBIHHBIH YJIECIH a3alTy >KOHIHJIE
mapanap Kaosuiayasl Tanan erei. Lreitaaeri (25 % - ra aeliiH) )KOHE IIJIaKTaFrbl
(1,7 % - ra nmeiiiH) KOpFachblH, Kapa KOPFachIHIbI ajdyFa aTapibIKTail ocep eTei,
OJI IIaXTaJbIK KUBIPBUTY KE31HJI€ TOMEH JieHrel kepcereni, sirHu 60 % - ra neitin
KETel.

MBIIBSIKTBIH KOHE CYpbMaHbIH OalKBITYy OHIMJEpl apachblHAa Tapaybl
OOMBIHIIIA 3EPTTEY HOTIIKENEPl >KOHE MBIIIBSIKTHIH IITEHH MEH Kapa KOPFAChIH
apachlHIa Tapadybl KOPCETINTeH. MBIMIBIKTBIH Kapa KOPFAaChIHFA OTYi, MBICTBIH
MHTEpMETATUATEPIHIH Naiiaa 6oaybiMeH OalnanbicTbl. CypbMaHbIH €19yip Oediri
Kapa KOpFachlHJa IIOFBIpJaHaAbl, Oy OHBI Ta3Fa MIBIFybIHA BIKOAT ETE/l.
bankpiTyna MBIIIBIK MEH cypbMaHbl rasfra mbirapy 43 %-asl xoHe 41 %-gbl
KYpaupl.

JKymbIicTa anplHFAaH HOTWOKENEp OOWBIHINA, KOPFACHIHABI Kapa KOPFACBIH
KypamMblHa apTThIPy VIIiH, KOPFACHIHHBIH IITEHHMEH >XOFAyblH TOMEHIETY
KQKET, JKOHE IITEHHJEe METaul TYPIHJE €pITUIreH KOPFACBIHHBIH YJIECIH a3alTy
JKOH, COJaH KEWlH IITEeHHJErl KOPFachlH CyJIb(DHIIHIH MOIIIEpiH TOMEHIETYTe
BIKIIAJ €TY KaXKeT.
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INTRODUCTION

Current state. One of the main problems of lead enterprises of the Republic
is the processing of lead intermediates and recycled materials. The use of modern
processes (Q-S-L, Oxygen-weighted cyclone electrothermal process, etc.) to solve
this problem is constrained by a number of objective reasons: the complexity of the
composition of the polymetallic charge, from which it is necessary to extract the
maximum of useful components, the insufficient calorific value of the processed
materials and the need to use expensive coke in a number of technologies, the
complexity of hardware design, etc. [1-4]. In addition, the analysis shows that there
Is no information in the publications on their use for processing a wide range of
semi-products and circulating materials formed in the production of lead [5-7].

The growing demand of the world economy for non-ferrous metals makes it
necessary to increase the raw material base of the lead industry at the expense of
deposits whose ores are characterized by an increased content of copper, arsenic
and antimony. Involvement in the processing of this type of raw material has led,
especially for lead enterprises, to an increase in the yield of intermediates and
recycled materials with a high content of arsenic, antimony and their toxic
compounds. Today, none of the processes included in the overall technological
chain of the main lead production is achieved sufficiently deep sublimation of
arsenic and antimony into dust, which reduces their withdrawal from the main
production and leads to a sharp accumulation in the main production. EXxisting
technologies can no longer cope with their processing: the accumulation of arsenic,
a significant increase in material costs, a decrease in technological indicators, an
increase in the incidence of the population living in the immediate vicinity of
metallurgical facilities.

Urgency: One of the solutions towards the creation of a specialized
recycling of lead semi-products and recycling of materials is the existing
technology of the mine contractile smelting (MCM) used at LLP "Kazzinc".

The main purpose of MCM is to extract the main non-ferrous metals into
the target products: copper-in matte, lead-in rough metal, zinc-in slag. The current
state of MCM technology does not ensure the achievement of high performance.
Extraction of copper in matte is ~83%, zinc in slag-60%. Lead recovery in lead
bullion barely reaches the level of 60%, due to its increased content in slag (up to
1.7 %) and matte (up to 30 %). Large losses of lead with matte entail significant
losses of precious metals, which are irrevocable for the lead enterprise. The final
products are characterized by a high content of impurities (As, Sb). The further
processing of such matte into copper bullion in the traditional way of converting
greatly complicates the process and leads to an increase in material and energy
Ccosts.

A significant consumption of expensive coke (up to 15% of the charge
weight) and a large slag yield (up to 40 % of the loaded charge weight) in the
smelting process make the technology highly costly and inefficient.

The process of MCM is accompanied by a large output of dust (up to 15 %
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of the weight of the loaded charge). Dust get gas twice exceeds a similar indicator
agglomeration firing. The dust obtained during melting is characterized by a high
content of non-ferrous metals,%: Pb — 6.2; Cu — 4.41; Zn — 5.5. In this case, the
extraction of arsenic in the dust is about 60%, and antimony — 50%.

The concentration of arsenic and antimony in the resulting liquid smelting
products and the low transition to sublimates observed at the same time does not
allow arsenic and antimony to be withdrawn with sufficient accuracy from the
technological process. The circulation of the resultant materials in the main branch
of the technological scheme leads to the accumulation of these impurities.
The established patterns give special urgency and relevance to an additional study
of the behavior of arsenic and antimony during the process of mine contractile
smelting. This is important, both in terms of improving the technological indicators
of the process, and conducting an assessment of their environmental impact.

Despite the current shortcomings, the existing technology of mine
contractile smelting continues to be used as a necessary measure that to a certain
extent resolves the issue of processing a large volume of the intermediate products
obtained and recycled materials in the facility. The technological process, designed
to recycle or at least minimize the output of intermediate formations, continues to
aggravate environmental problems. This turns technology into one of the most
dangerous and risky objects in the structure of lead production. The technology
either requires improvement or the adoption of another, more optimal solution to
process the obtained by-products and recycled materials.

The purpose of this work is to study the behavior of non-ferrous metals,
arsenic and antimony during the mine contractile melting of intermediates and
circulating materials of lead production.

The following tasks were solved over the course of work:

a) A comparative analysis of technological indicators was carried out based
on the analysis of physicochemical characteristics of autogenous melts, widely
introduced in lead production.

b) Metallurgical calculations of the mine contractile smelting process were
carried out and a distribution of metals between the smelting products was
established.

c¢) The forms for finding copper, lead, arsenic and antimony in the products
of the mine contractile smelting - slags and mattes were studied.

d) The thermodynamics of the system copper-lead matte - slag - gas phase
was investigated under controlled values of the partial pressure of oxygen and
sulfur.

e) ldentify the causes and factors that affect the loss of copper and lead from
the slag.

Scientific novelty:

— In the study of thermodynamics of equilibrium of a complex
multicomponent system copper-lead matte-slag — gas phase under controlled
partial pressure of oxygen (Pp, ) and sulfur (Ps).

— In the study of the forms of non-ferrous metals, iron and arsenic in the
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products of mine contractile melting — copper-lead matte, slag.

— In determining the influence of the composition of matte on the
equilibrium distribution of non-ferrous metals (Cu, Pb, Zn) and related impurity
metals (As, Sb) between matte and slag.

Practical significance. On the basis of the conducted experimental
researches the ways of processing and improvement of melting of semi-products
and circulating materials of lead production are shown. The proposed solutions
allow to predict the content of copper and lead in the slag depending on the
composition of matte, slag and partial pressure of oxygen, sulfur. The obtained
results can be used in the development of new effective technologies for the
processing of complex composition of copper, lead containing substandard
intermediates and recycled materials of lead production.

Methodological basis. The main methodological principle used in the work
is the thermodynamic approach, which is based on the idea of achieving
thermodynamic equilibrium (or close to it) between the products of melting, which
allows to establish the behavior of the main and related metals during melting to
use the laws of chemical thermodynamics.

Physicochemical studies, laboratory experiments, analysis and processing of
the results are widely used in the work. Methods of analysis: chemical, x-ray phase
and thermal.

12



1 Literary review. Current state of lead production

1.1 Autogenous processes for the direct production of lead from sulfide
lead raw materials

Due to a number of objective reasons related to the physical and chemical
properties of lead and its compounds, the introduction of autogenous processes in
the production of lead is significantly lagged behind in comparison with their use
in the production of copper [8-10]. However, a sufficient number of direct lead
production processes from primary lead sulfide concentrate have been developed
[11-13]. Hardware design of the processes implemented in the industry, allows you
to use them for processing of various types and types of raw materials. Lead
production in the world practice going in the direction of development of two
variants: smelting to matte, which is characteristic for a complex thermodynamic
system matte — slag — lead bullion and slag — lead bullion. The choice of the
processing scheme depends on the specific conditions and is determined by the
technological capabilities of each individual enterprise. With a low content of lead
in sulfide raw materials and an increased content of copper in it, it is preferable to
conduct melting on matte. However, the experience of lead plants shows that most
of them work under the second scheme — with the production of lead bullion and
lead-rich slag, which requires further recovery operations to extract lead.

The chart analysis of phase associations of the system Pb — S — O in the
coordinates Lg Py, and Lg Ps_characteristic of autogenous melting of lead, shows
the presence of only a small, narrow area of direct obtaining of lead (Figure 1.1)
[14].

IgPo,

" Agglomeration

PbSO,-2PbO
PbSO, PbO

Pb Mine melting
i} |
-17 -15 -13 -1 -9 -

System IgPs;
Pb -PbS

in the diagram of Pb — S — O at T=1473 K: | — Cppo=1; Il — Cppo=0.1; I —
CPbO:0-05; 1- PSOZ = 1, 2 — PSOZ = 01, PSOZ = 0.01(P02,PSZ,P3). The Shaded
area is the direct production of lead

Figure 1.1 - Schematic representation of different processes
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The diagram is based on calculated data, taking into account the results of
experiments to determine the activity of lead in the slag. Inclined lines correspond
to the equilibrium reaction

SOZ = 1/282 + Og. (11)

The dissociation reaction depends on and Py, . In the system, Py, = 0.1 atm.
corresponds to air blowing, Py, = 1.0 atm - to oxygen blowing. The direction of the
traditional process: Agglomeration - mine smelting - is characterized in the
diagram by a thick line from point b, to points a,, a, In the transition from a, to a,,
in a wide range, the equilibrium constant of the reaction

(PbO) + CO = [Pb] + CO, (1.2)

does not depend on Ps_, as can be seen in Figure 1.1. If we take into account the
difference in the activities of the components in the system or the PbO
concentration in the slag, then the lines limiting the stability of metallic Pb and
slag will go down to the lower values of Py, . This means that by reducing the Py,
system (reducing the concentration of Fe;O, in the slag at a constant of Ps,), we
get poorer slags (points a, a, a;). Up to 4.5 % sulfur dissolves in metallic lead at a
temperature of 1000°C. The total reaction of obtaining lead from sulfide
concentrates can be written as follows:

PbS + O,= Pb + SO,. (1.3)

On the potential diagram, the area of possibility for obtaining Pb for the
given values of Py, and Ps, is shaded. If we take the Pso,system as constant, then it
IS obvious that with direct lead smelting using autogenous methods there are two
possible ways to solve the problem: a) to obtain lead with a high sulfur content
(point b, in Figure 1.1) and a relatively low concentration of PbO in the slag; b) to
obtain relatively pure sulfur in lead, but at the same time have rich slags (point b,
in Figure 1.1). It is along these two paths that the development of autogenous
smelting of lead concentrates takes place.

Theoretically, the best way to process lead concentrates is to obtain metallic
lead due to the oxidation for a portion of lead sulfide to oxide with further
interaction of the latter with PbS. However, the resulting lead will contain too
much sulfur and, therefore, will require additional processing. In addition, a similar
process will be characterized by high vapor pressure and a high degree of dust
recirculation.

The theoretical features described above, despite the differences in hardware
design, are reflected in all the implemented autogenous processes. The widely
developed autogenous processes include: TBRC developed in Sweden; Outocumpu
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process developed in Finland; the QSL process from the company Lurgi and the
oxygen-weighted cyclone electrothermal process developed in the former USSR
[15].

Table 1.1 shows the compositions of the resulting smelting products during the
processing of sulfide raw materials, in the TBRC process.

Table 1.1 - The compositions of the products of smelting process TBRC

Melting products
Components Slag Matte, % Lead bullion,
to depletion, % after the unification (by weight) %
% (by weight)

Cu 7.5 11 53.1 -

Ni 1.0 0.17 2.8 -

Zn 9.7 8.6 2.0 -

Pb 11.3 1.7 11.7 -

Sh 0.09 0.11 0.08 -

Fe ~ 40 ~ 40 - -

Fes04 ~ 26 ~12 - -

Cu - <0.1 - -

Pb 35 1.0 - 97

Sn 1.3 0.8 - S<0.5 %
Fe ~ 22 22 - -

SiO, ~ 33 33 - -

CaO ~ 20 20 - -

MgO ~15 1.5 - -

Zn 16 22 - -

Na,O ~35 3.5 - -

Outokumpu (Finland) has developed and patented the process of Suspended
Smelting (IP) of lead concentrates. The essence of the process is as follows. A
mixture of dry concentrate (humidity up to 0.3 %), fluxes and recycled dust is
melted in a suspended state at a temperature of 1300—1400°C in the presence of
oxygen-enriched air or pure oxygen. Exothermic reactions eliminate the need for
additional fuel.

The molten particles are separated from the gas flow in the furnace sump to
form a slag layer and a metal layer containing lead and precious metals.

Slag and metallized layers are continuously sent together to the electric
furnace (a variant of the process is the release of lead separately from the slag). In
the electric furnace coal dust is injected into the slag layer (as a reducing agent).
The depleted slag is continuously removed through the upper drain. Lead bullion
is also continuously pumped through the siphon and sent for refining. The gases of
the VP furnace pass through a two-section heat recovery boiler with forced
circulation, where they are cooled to a temperature of 350°C.

During processing, t/h: 17 concentrate, 0.4 silicate flux, 2 circulating dust-in
the melting process, 12 tons of lead bullion, 3 tons of slag and 2450 m*/h of gas
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containing, %: 90 SO,, 3 H,0, 7 N,. Gas temperature 1200°C. Melting is carried
out on the blast of 95 % oxygen, its flow rate is 2160 m*/h, the temperature is
25°C. When depleted in the electric furnace 3 t/h slag consumption of coal is 0.2
t/h, while receiving 0,8 t/h Pb bullion, 1.9 t/h slag and 450 m%h of waste gas

containing,%: 80 CO, 2.7 CO,, 6.3 N, 0.3 H,0, 10.7 N,.

Total lead recovery is 97-99%.

Table 1.2 shows the comparative indicators of the conventional process of
processing of lead concentrates (agglomeration — mine smelting) and the process
"Outokumpu", the data of which are obtained on the basis of semi-industrial tests.

Table 1.2 - Comparative analysis of indicators of different processes

Shared data Aglomeration — mine Outokumpu
melting
Content in concentrate:
Pb 74 75
Zn 2.3 1.8
S 15.7 15.2
Capacity by lead bullion t/day
300-500 420
The extraction of Pb, % 96 98.7
The Pb content in the slag, % 24 2
Energy intensity and reagents
Fuel consumption, kJ/t Pb 7.7 —
The consumption of O,, kg/t Pb 0 164
Consumption of electric energy 185 241
(including heat,
the impoverishment of the slag
production
O, and sulfuric acid), kV/t Pb
Consumption of carbon 0 1.0
electrodes, kg / t
Oxidation stage
Type of reactor Sintering machine Furnace VP
V exhaust gases, m°/t Pb 2400 180
The contents of SO,, % 5.5 85

Reduction step

Type of reactor

Mine furnace

Electric furnace (for slag)

V exhaust gases, m°/t Pb

2000-3000

60

CO, content, %

0.1-0.2

0.3

American experts argue that the most promising of the pyrometallurgical
methods of direct production of lead, developed in the USSR, is the process of
oxygen-weighted cyclone electrothermal melting process (figure 1.2).
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Figure 1.2 - Diagram of the installation of the oxygen-weighted cyclone
electrothermal process

The process of processing sulfide concentrates of heavy non-ferrous metals
(in particular, lead-zinc) is based on a rational combination of the use of oxygen,
electricity, the principles of cyclone and suspended melting. The process of
roasting - smelting, the separation of the phases, the improvement of processing,
the condensation of molten zinc flow in one unit.

Process the oxygen-weighted cyclone electrothermal process worked in
several variants, differing in the form of products obtained, in which the zinc is
extracted. Zinc can be transferred to rough metal, oxidized sublimates or in the
slag, and then removing his fuming or rolling process in existing plants. The
choice of an option should be tailored to specific conditions.

The oxygen-weighted cyclone electrothermal process, compared with other
processes, has the following main advantages: the ability to extract 90-97.5 % lead
and high (up to 78 %) zinc recovery in the processing of lead-poor concentrates
containing from 12 to 65 % lead; relatively low investment; small size of the
equipment used and smaller production areas; lower costs of intra-workshop
transport; improved working conditions due to low emissions of harmful gases; the
possibility of high automation.

The use of oxygen-weighted cyclone electrothermal process technology for
the processing of collective copper-lead-zinc concentrates provides greater
economic efficiency than reflective melting, suspended melting and electric
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melting.

Ausmelt technology, which offers low cost of production, high intensity of
the smelting system to produce lead bullion and slag, is widely used. The
technology does not require grinding or drying of the supplied materials [12].

The reactor of the installation is a vertical cylinder, the main design feature
of which is the system of injection air supply through a vertical lance lowered from
the top of the stove into the molten slag located at the bottom (figure 1.3).

Fuel, air and ‘
oxygen \

T Sublimates
N

(returning a turnover)
Concentrates,

secondary raw
materials, circulating
sublimates, flux,
reducing coal

-
Lead bullion

Figure 1.3 - General view of Ausmelt melting furnace

Loading of materials is carried out from the top of the furnace. Oxidation of
sulfides occurs due to their interaction with air and oxygen injected from the
bottom of the lance and creating a high-intensity vortex chamber. The exhaust
gases from the furnace pass through the exhaust boiler for cooling and steam
generation. Further, the cooled gases are directed to an electrostatic filter to
remove dust, and then used in the process. Pre-frozen, on the outer surface of the
lance, a layer of slag prevents the lance from the effects of the melt, increasing its
service life.

The main disadvantages of the process include the complexity of the
operation of lances (sufficiently large size, complexity of installation, maintenance
of high pressure, etc.). When the lance fails, the technology is experiencing some
difficulties, up to the stop. No favorable conditions are created for the separation of
smelting products. The possibility of melt reoxidation is not excluded.

Slags are characterized by a high content of copper and lead, which requires
additional depletion operation. In addition, further refining of lead bullion,
increases the output of the slurry.
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A common characteristic feature of all new varieties of autogenous melting
processes (melting in suspended state, cyclone process, melting in melts) is the
maximum use of own energy resources of sulfide raw materials due to exothermic
reactions of sulfide oxidation and slag formation.

Autogenous processes have significant advantages over all other applied and
developed processes of processing of lead concentrate in terms of reducing energy
consumption, saving capital and operating costs for environmental protection while
increasing the complexity of the use of raw materials.

The advantage of these autogenous processes is the combination of firing
and melting of lead concentrates in one unit with the production of metal lead.
However, these alternative technologies are limited by the composition of the
processed raw materials: the introduction of sulfate oxidized lead containing
materials (cakes, dusts, slurries) is strictly limited. The disadvantages of these
processes is that they are accompanied by the formation of sufficiently hot gases
(880—1300°C) and a large dust removal (15-25 % of the weight of the charge).The
results of theoretical studies are fully supported by the development of various
processes of lead production. These circum stances are proof that the production of
lead is still the classical scheme of agglomeration — mine smelting recovery will
remain dominant.

1.2 Mine recovery smelting of lead sinter

The pyrometallurgical method, classic for lead technology, consists of the
following stages: sintering firing of lead charge, sinter smelting, refining of black
lead (figure 1.4). This method is applicable for the production of lead from
concentrates and industrial products of almost any composition — rich and poor,
clean and heavily contaminated with various metals and waste rock components.

This exceptional position of lead smelting in modern metallurgy is explained
by the simplicity and cheapness of the method.

The main method of processing lead-containing raw materials is a two-stage
technology (figure 1.4), according to which the sulfide lead concentrate is first
subjected to oxidative firing to convert PbS into a PbO form and obtain a sintered
firing product (agglomerate). Then the charge, consisting of a mixture of
agglomerate and coke, is melted in a mine furnace, where lead oxide is reduced to
the metal by reactions:

PbO + C = Pb + CO — 107.7 kJ (1.4)
PbO + CO = Pb + CO, + 65.9 k] (1.5)
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Figure 1.4 - The technological scheme of processing of lead sulfide
concentrates, using reduction smelting mine

The main product of this process is lead bullion, which is then sent for
refining.

Mine smelting of lead agglomerate. Mine smelting is the second stage in the
processing of sulfide lead concentrates by two-stage technology. The charge of the
mine furnace consists of lead agglomerate, coke and other materials (circulating
intermediates, additional fluxes, iron scrap). The purpose of melting-as fully as
possible to extract lead from the charge in the form of rough metal, which also
concentrates gold and silver; slag waste rock and transfer to slag as much zinc
present in the charge. Often, when melting, another liquid product is obtained-
matte, which also passes part of the metals.

Slag and matte are released from the furnace through the annulus, located in
the end wall of the furnace and in the recess of the end caisson slightly above the
level of lead in the furnace. The release of slag and matte from the furnace can be
carried out continuously through the device with a hydraulic seal or periodically.
The separation of slag and matte into independent products is carried out either in a
mobile settling furnace or in a stationary electrically heated sump.The main
chemical processes in the smelting of lead sinter are recovery, deposition,
sulfidation and combustion of carbon solid fuels. The combustion processes of
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carbon fuel have a very large impact on the operation of the mine furnace. Coke is
used as a reducing agent and fuel for mine smelting, which is due to its following
properties, favorable for use in mine furnaces:

a) sufficiently high calorific value (26000-32000 kJ/kg);

b) good mechanical and thermal strength;

¢) relatively high ignition temperature (600-750°C);

d) required porosity — 49-53 %;

e) required particle size distribution.

The modern minefurnace is shown in figure 1.5.

The main advantages of lead reduction smelting over other lead production
methods are the following:

- low requirements for processed raw materials;

- high specific productivity of the mine furnaces;

- high direct lead extraction of the base metal constituting average 92 %, and
some of the advanced foreign factories — "Port Pirie" (Australia), "Noyelles —
Godault” (France), etc. — 98 %);

- high thermal efficiency;

- low energy intensity;

- high complexity of the use of raw materials, provided in combination with
other methods;

- extensive possibilities of process intensification through the application of
oxygen and natural gas.

Despite the high technological performance (specific propellant, high lead
recovery) and continuous improvement, mine remediation smelting has some
disadvantages:

- high consumption of coke (up to 17% of the charge weight);

- large dust removal (6-8%) due to significant gas yield;

- weak regulation of the thermal regime and recovery capacity of the oven.
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1 — mine furnace; 2 — siphon for the production of lead bullion; 3 — lance; 4-
water cooling system manifolds; 5-mine furnace;6 — the furnace top; 7 — loading
gate; 8 — the tent of the furnace top; 9 — collector for the supply of the blast; 10 —
siphon for the release of slag

Figure 1.5 - Cross section of the mine furnace

1.3 Products, semi-products, recycled materials of lead production and
methods for their processing

In addition to marketable products resulting from the processing of non-
ferrous metal ores, non-ferrous metallurgy enterprises receive numerous semi-
products, recyclable materials and metallurgical production waste. These include
slags, mattes, dust, gases, agglomerates and dust, cakes, slimes, solutions, etc.
Below we consider the general characteristics of the main products and the most
important semi-products of metallurgical technology, which are obtained when
processing lead-containing materials.

Lead bullion. Lead bullion contains from 93 to 98 % of the base metal.
Impurities contained in the lead bullion are contained in the percent range: copper
1-5; antimony 0.5-2.0; arsenic 0.2-2.0; tin 0.1-0.2; bismuth 0.05-0.4; tellurium
0.005-0.1. In addition, silver (1-5 kg/t), gold (1-30 g/t), slag-forming components
(0.3-0.8 %) and sulfur (from 0.1- 0.3 %) at mine smelting up to 3-5 % at
autogenous methods.
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Lead bullion's composition does not meet standard requirements; in terms of
its physical-chemical characteristics, it is not suitable for any consumer industry.

Processing method. The purification of impurities from lead bullion is
carried out by one of two methods: pyrometallurgical (using periodic or continuous
technological processes) used at all plants in Russia and the CIS and most foreign
enterprises, and electrolytic (essentially combined fire copper extraction and
subsequent electrolytic refining in aqueous solutions). Electrolytic refining of lead
from smelts has not gone beyond the stage of pilot testing.

Lead refining is a very complicated and expensive process, based on the use of
fairly fine chemical technology. In the process of refining lead bullion, a number of
operations are carried out, the order of implementation depends on the physical-
chemical properties of impurities and the compounds formed. The most rational
scheme for refining lead bullion includes the following operations [16]:

— copper extraction;

— desalination;

— alkaline refining (lead softening);

— silver extraction;

— zinc extraction;

— bismuth extraction;

— high-quality refining.

Mattes. Lead production mattes are characterized by high lead content and
are an intermediate metal-containing product.

Matte melts have a very low viscosity. At melting temperatures (1200 —
1300°C) their viscosity does not exceed 5 - 103Pa - s. Matte viscosity decreases with
increasing temperature, as well as sulfur and iron content. VVery poor mattes are so
fluid that they easily penetrate into the smallest pores and cracks of the lining.

The density of the molten matte increases with increasing copper content
from 4.000 to 5.700 kg/m*. With high metalization of mattes, their density can
reach high values (up to 7 t/m°).

Pricessing of copper-lead matte. There are three ways of processing copper-
lead matte:

a) Matte, granulated or crushed to 6-8 mm, is mixed with quartz and
agglomerated to a content of 4-5 % sulfide sulfur in the agglomerate. Then the
sinter is melted in a mine furnace to produce recycled slag, lead bullion and
copper-rich matte. The latter is leached with a solution of sulfuric acid to obtain
copper sulfate (CuSO,4 x 7H,0) from solutions.

Most often, concentration smelting (contractile) in the mine or electric
furnaces is used for the enrichment of matte for copper. When smelting matte in a
mine furnace with a coke consumption of 11-13 % and with the addition of 2-3 %
limestone, lead bullion, copper-rich matte and recycled slag are obtained. Matte
enrichment can be carried out in electric furnaces with the addition of a magnetic
fraction obtained in clinker kilns, while iron displaces lead from its sulfide.

b) The second method of copper — lead matte processing consists in blowing
out the matte with air, which is carried out in a converter with the use of an acid
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flux - quartz additive or without it.

¢) In the first case, the process proceeds according to the usual scheme
adopted in copper metallurgy, namely: matte purging is carried out in the main
converter of a horizontal type. To slag iron present in the matte, which oxidizes to
nitrous and trioxide when matte is blown, some amount of an acidic flux — quartz
is formed in the converter, forming a monosilicate compound (2FeO - SiO,) with
ferrous oxide.

d) In addition to the method of blowing copper-lead matte described, a
second method can be used, in which there is no supply of acid flux to the
converter. In this method, the copper-lead matte is also purged in the main
converter of a horizontal or vertical type. Liquid copper — lead matte is poured
into the converter and is blown with air without feeding quartz into the
converter. When purging, the formed lead oxides mostly evaporate (about 90%).
Part of the zinc also evaporates. The main part of the zinc goes into slag in the
form of zinc ferrites, which greatly increase the viscosity of slags. Iron sulfide is
oxidized to FeO and Fe,03 and form xFeO - yFe,03 type compounds.

As a result of copper-lead matte blowing in the converter, viscous ferrite
slags with copper and metallic copper sulphides entangled in them are formed.
Almost all of the lead passes into the gas phase (the task of this method is the
distillation of lead).

This process has the following advantages:

— the slags obtained do not require processing to extract lead;

— it is not required to introduce lime into the ducts to neutralize sulfuric
anhydride, this process occurs due to volatile Pb and Zn oxides.

The main disadvantages include:

— limited application, since it is required to have copper at the same time
as the lead plant in order to process the viscous mass;

— the slag obtained during the processing of copper matte together with
the ferrite mass, possesses significant viscosity due to the insufficient destruction
of magnetite in it - Fe;0,.

e) In order to remove lead from the copper lead matte based on the volatility
of lead sulfide and metallic lead, copper lead matte is evacuated in a medium
vacuum. Reducing the external pressure reduces the boiling point of substances
and increases the rate of distillation.

The evacuation of matte at a temperature of 1200-1250°C allows you to give
off about 95 % of lead. The condensate contains 88-90 % Pb and consists of a
mixture of lead sulfide and metallic lead. The process has been tested at SHSZ in
semi-continuous devices with a productivity of 10-15 t/m? per day.

Metallurgical slags. Slags are the second mandatory product of most
metallurgical smelting. They are formed by the slagging of waste rock and fluxes
and consist mainly of oxides. In addition to slag-forming components, real factory
slags necessarily contain a certain amount of recoverable metals.

With a relatively low content of valuable components, the resulting slags are
a waste product, i.e. waste from metallurgical production. However, slags can only
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conditionally be considered waste. With the development of metallurgical
technology, they can again become a valuable raw material for the production of a
number of non-ferrous metals, as well as iron and other valuable components.

In certain types of metallurgical smelting, and especially in refining
processes, slags are very rich. Such slags require mandatory depletion. They are
often used as recycled materials, or subjected to special processing.

To obtain slags of optimal composition, quartzite and limestone are most
often used as fluxes in non-ferrous metallurgy. Instead of the usual quartz rock,
gold-bearing quartz ores are often used, since while smelting, precious metals are
extracted from them into matte or draft metal.

Processing of lead slags. To extract zinc, lead from slags, the following
processes are used [5]:

a) Fusing (gas process), in which zinc and lead are transferred to the gas
phase from liquid slag by blowing the latter with an air-dust mixture or converted
natural gas. This is the main method for slag processing;

b) Rolling. This process is used to process solid zinc-containing materials.
In this process, zinc and lead are also transferred to the gas phase by heating the
zinc-containing material in a mixture with fine toxic or coal in a tube furnace
with a diameter of 2.5-4.5 and a length of 30-90 m and inclined by 3-5°. The
best varieties of sublimates of zinc oxides are sent to the paint industry.
Impurity-contaminated oxides are processed at a zinc plant to produce zinc and
residues, which are again sent to lead production;

c) Electrothermal process. In an electric furnace, due to heating due to
electricity, coke consumption is minimized for reduction reactions (4-5 %). At
the same time, the partial pressure of zinc vapor in the gas phase approaches the
theoretical one and, when the gas is cooled, favorable conditions arise for the
condensation of zinc in the form of a metal. Zinc vapors were condensed in a
liquid condenser irrigated with liquid zinc. The sublimation of zinc was 85 %, of
which about 83 % is condensed into liquid metal. Electricity consumption
amounted to 1200 kWh per ton of zinc.

Gases and dusts. Most pyrometallurgical processes are characterized by the
formation of significant amounts of gases and dusts. As a rule, these two products
are removed from the furnace together.

Waste metallurgical gases can be classified into process gases, which are
formed due to chemical reactions, and furnace gases, which are products of fuel
combustion. The composition and amount of waste gases are fully determined by
the type of raw material being processed and the type of metallurgical process
used.

In most cases, the exhaust gases leave the metallurgical unit heated to 800-
1300°C or more.

All dust generated during metallurgical processes is subject to capture. At
the same time, two main objectives are pursued:

a) The use of valuable components, passed in the dust;

b) The prevention of environmental pollution.
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Processing of dusts and sublimates of lead production. Currently, most plants
use the process of complex processing of dusts, based on the granulation of dusts with
strong sulfuric acid, followed by heat treatment of the obtained granules at a temperature
of 300-350 °C in fluidized bed reactors. At the same time, 85-90 % of arsenic, chlorine,
fluorine and 60-90 % of selenium are distilled; and non-ferrous metals and some rare
sulfates and when leaching the sulfate product goes into solution. Leaching is at a ratio
of W:T =3 and a temperature of 70-80 °C, the residual acidity is 10-15 g/I.

98 % of lead is transferred to the cake, which is sent as a working material to
lead production.

Copper slurries and methods for their processing. Dry slips, as a rule, are
processed separately, while copper is extracted into matte and speiss and removed
from lead production, and lead is returned to the main cycle.

There are various schemes for processing slips - in small mine kilns, in
reflective and short drum rotary Kilns, electric furnaces (sodium sulfate smelting)
using various reagents.

1.4 Selection and justification for the direction of scientific research

The intensive development of the international market economy observed in
recent years leaves a growing imprint and has a significant impact on all sectors of
a country's economy, including the mining and smelting industry. In this context,
the need for an analysis and assessment of the overall state of the lead industry is
particularly enhanced. Solving the issues regarding the processing of semi-
products and recycled materials for lead production, increasing the extraction of
copper and lead from them, as well as improving the quality of the target products
obtained, associated with an increase in the growth of their volumes, have become
top priorities.

The solution of the problem is complicated by the fact that associated
substandard semi-products are characterized by complex chemical and phase
composition. The presence of significant concentrations of metals in them-
impurities (As, Sb, Cd, etc.) have a significant negative impact not only on the
environment, but also significantly affect the distribution of base metals between
the melting products in the direction of deterioration, reducing the quality of the
final products. Thus, the results of our earlier studies [17, 18] on the distribution of
metals in the processing of semi-products and circulating materials of lead
production in the conditions of mine contractile smelting LLP "Kazzinc" show that
the extraction of copper and lead in the target products remain at a low level and
are ~80-85 % and 45-55 %, respectively. Due to the lack of alternatives, the
current technology remains as a necessary measure of the processing of these
intermediate products and recycling materials.

It is obvious that to develop a new technology it is necessary to have a
reliable theoretical and practical material. However, as the analysis shows, in the
technical literature there are practically no data on the study of thermodynamics of
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complex sulfide systems describing the compositions of industrial products and
circulating materials, the equilibrium of the copper-lead matte — slag — gas phase
system is poorly studied, there are no data on the compositions of sulfide
polymetallic materials. The coverage of such theoretically important issues as the
mechanism of copper and lead transition from polymetallic copper-lead matte to
slag seems insufficient. There is no data on the study of the forms of finding metals
in smelting products in the processing of complex composition of copper, lead
containing raw materials. All these gaps and their solution formed the scientific
basis and direction of research of this work.

In this perspective, it seems natural question: Why not use high-performance
autogenous processes for the processing of these materials? The use of autogenous
melting could be one of the most important ways to address this issue and a
significant reserve for improving technological indicators of production. The main
reason for inhibiting the introduction of autogenous processes is the practical
absence in the scientific literature of experimental results on equilibrium in a
complex system Fe — S — O — Me (where: Me — Cu, Pb, Zn). At the present time
remains controversial also the mechanism of oxidation of sulfides. Nevertheless, a
sufficiently complete study of iron sulfide oxidation, which determines the first
stage of autogenous processes and conversion of any matte, allows us to carry out
a qualitative and quantitative assessment of the use of autogenous melting for
processing the initial charge, consisting of semi-products and circulating materials
of lead-zinc production.

In this work, from the general theoretical and technological positions, the
possibility of using the Vanyukov process for the processing of copper slurry
together with poor copper-lead matte obtained in the mine reduction melting of
lead agglomerate is considered.
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2 Theoretical features of physical-chemical processes occurring during
the processing of semi-products and recycled materials for lead production

2.1 Thermodynamics for the equilibrium of the system metal (lead) —
matte

The processing of polymetallic lead concentrates or agglomerates containing
a significant amount of copper provides for smelting on a matte, with the
concentration of the main amount of copper, a part of lead and zinc in them.
Obviously, the presence of a complex copper-lead matte in contact with the slag
will significantly affect the total loss of copper and lead with the slag.

In reality, the process of transition of valuable metals from complex matte to
slag is a complex mechanism. In this case, when it is impossible to determine the
dissolution of metals in slags using exchange reactions, it is convenient to use the
calculations of the coefficient of distribution of metals between the smelting
products. This approach is often used in metallurgical practice due to the complex
nature of the smelting products involved in the process. The determination of the
distribution coefficient of metals between the products of smelting allows us to
give an overall assessment of one or another dissolution mechanism that prevails
under specific conditions. Therefore, the issues of losing valuable metals with slag,
the definition of the mechanism of their transition into the slag are given the most
attention.

The results of studies in the distribution of copper and lead in the system of
copper-lead matte — slag — gas phase are provided in [19]. When studying this
system, the authors used the following methods: melting in twin crucibles; filling
the matte powder onto the surface of the liquid slag; and pouring the liquid matte
under the molten slag. The use of various techniques allowed the authors to obtain
reliable experimental data on the determination of the content of dissolved metals
in slags. In the process of research, the authors studied the influence of a number of
factors: composition of slag and matte, the influence of the gas phase and
temperature on the distribution of metals between the smelting products.

In the studies, industrial copper-lead mattes from CC STSK (now LLP
Kazzinc) were used, which brought into contact with multicomponent slags that
are in composition for industrial slags. It has been established that in order to
quantify the solubility of metals, in the cases considered, it is most expedient to use
the coefficient of distribution of metals. The authors of [19] suggested that the
transition of lead into slag is mainly determined by the joint transition of lead
cations and sulfur anions into the slag. In the case of copper, the values of the
product of solubility of such constancy are not preserved.

It is shown that an increase in carbon dioxide content in the gas phase of
more than 25 % leads to a sharp increase in lead solubility in slags. The authors
concluded that, under oxidative conditions of the environment, along with the
oxidation of lead by carbon dioxide, some other forces come into play that regulate
the dissolution of lead in the slag. To explain this phenomenon, the authors
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analyzed the reaction's equilibrium:
Pb + Fe304 <> PbO + 3FeO. (2.1)

The reaction’s equilibrium constant was calculated by the expression:
K37 = (a Pb**) - (a%eO)/(aFe304) (2.2)

As a result of the calculations, the direct dependence of the lead dissolved in
the slag at the ratio of (aj.g) /(aFe3o4) and the magnetite activity in the slag was

established. The resulting pattern is of fundamental importance for practice.

In metallurgical practice, which is especially typical for reducing mine lead
smelting, converter furnace slag containing magnetite is often added to the initial
charge. The introduction of “solid” oxygen in the slag composition into the melt
increases the degree of the system's oxidation, which leads to a sharp increase in
the transition of valuable metal cations into slag.

The tendency to complicate the composition of the feedstock, the
components of the mixture and the resulting products of the bottoms requires
clarification of available results and additional research. In particular, in the
scientific literature there is no data on the forms of non-ferrous metals in real slags
and mattes. The behavior of related impurities in smelting processes has not been
studied, their influence on the distribution of base metals among the smelting
products has not been determined.

2.2 Losses of non-ferrous metals with slags

Rich slags, the loss of metals with which are becoming more and more
tangible for production, began to either be sent to circulation, or depleted in special
electrically heated sedimentation tanks. However, the measures taken do not give a
positive effect.

Usually with slags, a significant part of the metals is lost in the form of a
thin mechanical suspension. The formation of a mechanical suspension of valuable
metals in the slag occurs [19, 20]:

a) Due to the low concentration and fine impregnation of valuable
components in the initial mixture mainly during the course of processes in dilute
solutions;

b) Due to changes in the redox potential of metallurgical systems during the
process and as a result of different rates of oxidation and reduction reactions in the
melts;

c) As a result of wetting and spreading of liquid sulfides and metals with
lower melting points across the solid mixture;

d) During sublimation followed by condensation in the form of thin films of
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valuable volatile components;

e) As a result of an abrupt change in temperature when solid sulfides of the
charge enter the liquid slag. Sudden changes in temperature, leading to a decrease
in solubility, can also be the cause of precipitation of a thin suspension from the
melt.

The listed reasons quite fully show the mechanism for the formation of
mechanical losses of metals. The exclusion of these factors allows us to obtain
them during the smelting slags, without hardly any finely dispersed metals.

One of the conditions for reducing the mechanical losses of metals with
slags is the creation of conditions for their consolidation and sedimentation. To
increase the rate of coalescence of particles, slag mixing is effective in the
presence of a recovery phase.

The dynamics of mechanical suspension in the slag is significantly affected
by the viscosity and surface properties of the slag, the action of which is mutually
opposite. The increase in viscosity slows down the sedimentation of the
suspension, while the growth of interphase tension in the slag — suspension system
promotes the consolidation of the suspension and accelerates its release. The
viscosity should first be determined by the nature and composition of the melt, as
well as its temperature.

Based on the nature of the slag melts [21], it follows that the viscosity of a
fluid depends on the probability of a particle moving from one position to another.
The easier this transition is, the lower the viscosity. With increasing temperature
due to the increase in the number of particles with the necessary energy supply for
such transitions, the viscosity decreases.

As the temperature rises, the number of broken Si — O bonds increases, as a
result of which the activation energy of the viscous flow of SiO, decreases. When
MeO is added to SiO,, the Si — O — Si bonds break and are replaced by Si — O —
Me. The appearance of O-Me non-directional heteropolar bonds, whose energy
slightly varies with distance, loosens the three-dimensional SiO, network,
facilitates the movement of particles and reduces the activation energy of viscous
flow. The drop in activation energy slows sharply when a certain MeO content is
reached. From this moment on, the three-dimensional SiO, grid breaks into
separate pieces — complex anions.

Minimal amounts of metals in slags in the dissolved form should be
expected in the conditions of equilibrium of the matte — slag system. However, in
practice most metallurgical systems are far from equilibrium. In this case, the final
content of dissolved metals in the slags is determined by the composition of the
smelting products and the conditions of the process.

In metallurgical practice, which is especially typical for reducing mine lead
smelting, converter furnace slag containing magnetite is often added to the initial
charge. The introduction of “solid” oxygen in the slag composition into the melt
increases the degree of the system's oxidation, which leads to a sharp increase in
the transition of valuable metal cations into slag.

According to A.V. Vanyukov [19, 20], even a small increase in the oxygen
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concentration in the gas phase (up to 0.05 %) significantly increases the amount of
dissolved metals in the slag. An increase in the oxygen content in the gas phase
shifts the Fe? * «— Fe® " equilibrium toward trivalent iron. In this case, there is an
additional possibility of transition of non-ferrous metals into slag, due to the
reactions of interaction of copper and lead sulfides with magnetite.

The number of Fe® * and Fe® * positions in the slag, and the change in their
ratio has a significant impact on the distribution of metals between the slag and the
matte and the shape of the metals. For practice, a very important criterion for
assessing the mechanical loss of metals in the slag is the concentration of sulfur in
the latter.

The analysis shows that under a reducing atmosphere in equilibrium
conditions, the mechanism of transition of copper and lead from matte to slag is
determined by the flow of a number of reactions: exchange - between the sulfides
of valuable metals and iron oxide; the joint transition into the slag cations of lead
and sulfur anions and the reaction of interaction of copper and lead sulfides with
magnetite.

The tendency to complicate the composition of the feedstock, the
components of the mixture and the resulting products of the bottoms requires
clarification of available results and additional research. In particular, in the
scientific literature there is no data on the forms of non-ferrous metals in real slags
and mattes. The behavior of related impurities in smelting processes has not been
studied, their influence on the distribution of base metals among the smelting
products has not been determined.
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3 Technology for processing of lead semi-products and recycled
materials at LLP Kazzinc

3.1 General technological scheme for processing of semi-products and
recycled materials

The existing technological scheme for processing of industrial products and
recycled materials is presented in Figure 3.1.

A characteristic feature of the technology is the output and organization of
self-processing in the mine furnace of almost all the revolutions of lead production
- poor in copper, matte mine recovery smelting, copper slurries, slag crusts, second
alkali melts, converter slags and other materials containing lead.

Copper slurry Charge CM Cu-Zn ore
(Pb = 40-60% (poor matte, converter slag, alkali alloys, flux, etc.)
A\ 4
Coke

(humidity <5%; ash content

Mine contractile melting = 11.5%: coarseness — 25

80 mm)
Lead bullion Matte Slag Dust, gas
(Pb>91%) (Cu = 16-40%, Pb = 7-25%) (Pb< 1.7%, ZnO = 8-12%, Cu<0.8)
Refining Conversion Fuming Gas purification

Figure 3.1 — Schematic diagram of the mine contractile melting

On lead production according to the technology, three existing mine
furnaces are provided. On one of them, the classical smelting sinter is carried out,
on the second - contractile smelting - with withdrawal of industrial products and
recycled materials for separate processing. The third furnace is either in repair or in
reserve.
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3.2 Theory and practice of mine contractile smelting

Mine recovery lead smelting is carried out in a weakly reducing atmosphere,
providing selective recovery metals at equilibrium oxygen pressures Py, =10%+107
atm.

High-quality coke is both a fuel and a reducing agent. Coke should have a
developed surface, low ash content (7.5 + 8 % ash) and high reactivity. Coke
porosity is usually 37-57.5 %. Coke consumption depends on its quality, ash
content in it, as well as on the physical-chemical properties of the charge (heat
consumption and reducing ability), slag composition, rate and nature of smelting.

By the nature of the process and the resulting products, the smelting of the
mine can be non-matte and polymetallic matte. The formation of matte contributes
to an increase in the equilibrium pressure of oxygen up to 10° — 10 Pa, caused by
a violation of the melting mode while reducing the reducing agent: oxygen ratio.
Lead smelting matte contains sulfides of iron, lead, copper, zinc and silver, as well
as metallic silver and gold. In the future, matte is sent to convert.

The charge smelting is carried out on a mine furnace with evaporative
cooling of caissons, a schematic image of which is shown in Figure 3.2

The furnace operates in continuous mode and under discharging. The
discharge in the furnace flue is 10-20 mm of water. Art. The volume of exhaust
gases is about 300.000 m*/h. The temperature of the exhaust gases does not exceed
750°C. The furnace's air mode is controlled by the readings of the manometer and
gas analyzer (the oxygen content in the blast is 30 %). The furnace is equipped
with a system for signaling the pressure drop in the blast, the temperature of the
exhaust gases and the water level in the separator tank. Purified water is used for
cooling to produce process steam in an evaporator unit.

The mine furnace is installed directly on the furnace hearth. The kiln mine
consists of two rows of caissons: the first row is attached to the sides of the hearth;
the second, resting on a rigid ring, is mounted around the furnace.

For the loading of coke and lead materials, a top plate is provided, which is
mounted on water cooled beams.

The separation of the liquid products of smelting takes place in the furnace
sumps. Electrothermal furnaces with a volume of 12-16 m® and a capacity of
1.200-2.500 kW are used as settling tanks. Three electrodes with a diameter of
550 mm are placed along the long axis of the furnace. The distance between the
electrodes is 1.800 mm. The furnace is lined with refractory bricks.
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Figure 3.2 — Cross-section of the mine furnace

The inside of the furnace is made of magnesite brick, and the outside of
fireclay. The laying is concluded in a steel casing, 12 mm thick. The arch of the
furnace is arched, 360 mm thick. The thickness of the bottom of the sump is
640 mm, and has the shape of the invert. The hearth is lined with various refractory
materials. The top layer is made of magnesite brick, the middle layer is made of
fireclay, and the bottom layer is made of refractory concrete.

The level of the melt is maintained in the range of 1.000-1.200 mm. Loading
products smelting mine contractile furnace is made through the hole in the vault of
the sump pump.

Workers holes for the release of smelting products - lead, matte and slag -
are located in the end part of the sump. An emergency bore hole is provided for
slag production above the main slag pit of the settling tank, which is used in case
of overflow of the settling tank with smelt.

Thus, the water consumption for cooling the caissons was reduced by about
15 times, the steam produced under an overpressure of 4-5 atm, is fully used for
the needs of the complex.

The mine furnace consists of a forge, a mine, a top furnace and an
electrically heated settler. The hearth is located on the foundation. The hearth walls
are laid out of refractory chrome-magnesite brick, 600-800 mm thick. The laying is
enclosed in a tight steel welded casing and is tightened with metal rods. The height
of the furnace is 5.5 m. The length and width of the forge corresponds to the
dimensions of the furnace in the area of the lance, the depth of which is 0.5-0.8 m.
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The hearth is constantly filled with lead, matte and slag. The depth of the hearth is
chosen based on the copper content in the initial mixture - the more copper, the
smaller the depth of the hearth.

Lead bullion continuously released through a siphon. The lead level in the
receiver is 100-200 mm above the level in the furnace. Due to the pressure
difference of the air blown into the furnace and the weight (pressure) of the slag
and matte. The advantage of the siphon release is the ability to control the level
and temperature of the melting products in the furnace, as well as preventing the
formation of the hearth.

To prevent the overgrowth of the hearth on the bottom, some layer of metal
Is retained. Slag and matte are released from the hearth through a special hole in
the outlet caisson, which is usually installed in the end wall of the furnace. The
hole for the release of slag from the furnace and matte is located slightly below the
lance axis.

Coke is loaded into the furnace in layers with agglomerate. Through the
lances, compressed air is supplied to the focus of the furnace consisting of red-hot
coke to create the required intensity of coke combustion, the thermal mode of
smelting and the creation of a gas atmosphere. Furnace gases passing through the
thickness of the mixture, heat it and participate in the reduction of oxidized
compounds of lead and other metals. The temperature at the focal point of the
furnace reaches 1500°C, at the exit from the furnace (in the top) - 200 + 400°C. As
the coke burns out and lead and slag are formed, the charge column (4-6 m) slowly
(1 m/h) goes down and it is replenished with successive loads of sinter and coke
(eaves).

During smelting, coke reaches the lance area and forms a constant layer
there. Before the melting site, the sinter should fall sufficiently to maintain
sufficient porosity and heat resistance. At a temperature of 750°C, there is a
noticeable reduction of lead from the agglomerate. Mine lead smelting progress is
determined by the behavior and state of the sinter in the furnace up to 850-900°C.
The recovery process of lead sinter is intensified at 900—1000°C.

Hard-to-reduce oxides (alumina, silica, calcium oxide, iron oxide, zinc
oxide) alloy and form slag. Lead recovery and melting occurs more intensively
when melting more porous agglomerate due to lower diffusion resistance of the
charge. The sinter melting zone is determined not by the coke consumption, but by
the composition and physical, chemical properties of the slag. The main product
that determines the temperature in the furnace is superheated slag, which does not
have a specific melting point. The slag melts in the temperature range from the
beginning of the softening of the agglomerate to its fluidity.

The main condition for the effective operation of lead smelting mine
furnaces is the concentration of the focus on coke combustion, which is determined
by the conditions of smelting, the furnace design, and physical-chemical properties
of the sinter, such as heat resistance, softening, reducibility, porosity, structure, etc.
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The composition of the gas atmosphere in the mine furnace is formed by the
combustion of coke. Coke carbon is oxidized to CO, by oxygen at the focal point
of the furnace near the lance along the reaction:

C +0,=CO, + 3935 kJ. (3.1)

Heating and melting of the components of the charge, as well as the thermal
conditions of the smelting of the mine are provided by the heat generated by this
reaction. The temperature here reaches 1400-1500°C. Carbon dioxide rises up with
furnace gases heated to 1400-1500°C, and interacts with an excess of hot coke to
form carbon monoxide:

C +C0,=2C0O — 172.4 KJ. (3.2)

In the mine furnace, in the smelting conditions (at Xp= 25-50 kPa) there is a
significant amount of CO required for the reduction of metal oxides. At the focal
point of the furnace, the reduction of oxides by solid carbon (coke) proceeds quite
intensively:

MeO + C = Me + CO (3.3)

However, the direct reduction of lead oxides with solid carbon has a local
and small value, since the contact surface between solid carbon and metal oxides in
the upper horizons of the furnace is insignificant. The dominant role in the
smelting process belongs to the gaseous reducing agent formed during the smelting
- carbon oxide.

MeO + CO = Me + CO,. (3.4)

Hot liquid lead dissolves easily reconstitutable impurities: copper, arsenic,
antimony, tin, bismuth, silver, gold, as well as some amount of lead sulfide.

Liquid smelting products — lead bullion and slag flow down, pass the focus
of the furnace and are collected in an internal furnace located in the lower part of
the furnace. After settling and stratification according to density, lead bullion and
slag are released from the furnace as they accumulate.

Lead and matte are released from the sedimentation tank through bore-holes
as they accumulate.

Lead bullion is sent for further refining. A significant concentration of
arsenic and antimony (1.8 and 3.0 %, respectively), as well as copper in it, reduces
the quality of produced industrial products and recycled materials, increases the
operating costs of further operations. The output of copper slips increases, and the
quality of lead bullion deteriorates.

Slags containing 15-18 % zinc are sent for fusing to extract zinc from them.
Extraction of zinc in sublimates barely reaches 80 %. When fusing, it is not
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possible to achieve a sufficiently complete depletion of slags and non-ferrous
metals, which does not allow the use of the latter for their intended purpose. Slags
continue to accumulate, occupying large areas.

Gases, after cleaning from dust are utilized, and dust is sent to the initial
stage - agglomeration.

The output of copper-lead matte is 80-110 tons per day, which is further
processed by converting to produce blister copper. Every month, on average, they
process up to 3.000 tons of matte. Converter dust is sent to the chemical-
metallurgical department for further processing. Gases from mine contractile
smelting and conversion, after cleaning from dust, are sent to be recycled [12].

The implementation of independent, separate processing of almost all
industrial products and recycled materials in a single unit, and the organization of
the production of blister copper at the lead enterprise makes the existing
technological scheme the most complete.

3.3 Characteristics of raw materials and smelting products

The initial charge of mine contractile smelting is a complex mixture of
different materials conglomerate.

Data on the chemical composition of the products that form the basis of the
charge of mine contractile melting are given in Table 3.1.

Table 3.1 - Compositions of products of charge of mine contractile melting

Name of produce Metal content, % (wt.)
Cu Pb Zn Fe S SiO, As Sb
Copper-zinc ore 2.72 0.37 3.35| 26.82| 3148 | 14.70 — —
Flux ore — 0.62 — — —| 74.80 — —
Converter slag 3.83| 33.50 454 | 10.60 —| 1570 | 2.30| 0.94
Alkaline floats 0.03| 23.44 9.30 — — —| 0.37] 0.53
Poor matte 20.80 | 1950 | 11.40| 16.70| 11.10 —| 1.10| 0.56
Copper slurry 19.00 | 30.30 4.00 — 9.29 —| 387 | 1.40

Copper-zinc and flux ores contain precious metals in their composition.

High lead content in converter slags attracts attention - up to 35 % Looking
ahead, we note that this distribution of lead during conversion largely influences
the distribution of other metals between conversion products. A significant amount
of arsenic and antimony is concentrated in the converted slag. The arsenic content
in them reaches the level of 2.5 %, and antimony — up to 1.5 %.

Alkaline water is also characterized by a high lead content. The amount of
arsenic and antimony in them does not exceed 1.0 %. Alkaline smelts also contain
by percent: 2.35 cadmium, 7.6 thallium, and 0.023 tellurium.

Copper-poor mattes are obtained from mine ore smelting as a result of the
processing of lead sulfide concentrate with a high copper content. The output of
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such mattes ranges from 10 to 25 tons per day. Their average monthly output is
about 550 tons. Despite the equal values of the ratio of copper to lead in mattes
(1.0-1.5), the content of base metals in mattes is almost twice as high, reaching a
level of 23 %, for copper and lead. Despite these positive developments, the
quality of the mattes leaves much to be desired, due to the increased concentrations
of arsenic and antimony in them. The sum of these metals in mattes is 1.5 %.

The output of copper slurries is in direct proportion to the concentration of
copper in lead bullion, which varies from 2.0 to 5.0 %.

In copper slurries, compared with the other components of the charge, the
concentrations of arsenic and antimony are maximum (see Table 3.1).

The structure of the initial charge of mine contractile smelting in practice is
presented in the form of Figure 3.3 - as the sum of converter slag, copper slips and
the mixture of contractile smelting (CM).

m Converter slag B Copper dross 0O Charge CM

Figure 3.3 — Structure of the initial charge composition mine contractile
melting

Such a representation of the structure of the initial charge is very conditional
and leads to significant errors in the process of carrying out metallurgical
calculations. The structure of the charge of the joint venture is highly complicated
and includes a mixture of the following products - poor copper-lead mattes
obtained after the mine smelting reduction of sinter, copper-zinc and flux ore, as
well as a small amount of alkaline melts, cakes and other recycled materials for
lead production.

The whole range of issues relating to the technological essence of the
process ultimately manifests itself in a detailed, element-by-element material
balance of the process, in which all the raw materials and the resulting smelting
products must be presented. Therefore, the representation of the structure of the
initial charge in the form of Figure 3.3 will lead to significant errors in the
calculation of the average composition of the initial charge and the material
balance of the process. The most correct and correct is to show the structure of the
initial charge in expanded form, as shown in Figure 3.4.
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m Cu-Zn ore
® Flux
Converter slag

B Copper dross

Charge CM
Figure 3.4 — Structure of the initial charge mine contractile melting

It is established that 90 % of copper, of its total amount in the charge, is
deposited with the charge of the joint venture and copper slips. The total
proportion of lead and zinc introduced with these products is 70 and 75 %,
respectively.

The share of lead in the charge of the joint venture is 41.2 % of its total
amount. Copper slurries contain 30 % lead. The share of zinc applied with the
charge of the joint venture is high — 50 % of its total amount in the entire charge
The amount of zinc entering the mixture with copper slurries is two orders of
magnitude lower and amounts to ~ 25 %.

The bulk of arsenic and antimony is deposited with copper slips — 46.2 and
53.8 %, respectively. The amount of arsenic introduced with the charge of the joint
venture is two times more than antimony and makes up ~ 30 % of the total amount
in the charge.

The proportion of copper introduced with the converter slag in the total
charge is minimal — 8.5 %. With the converter slag, almost the same amount of
lead and zinc is applied as with copper slurries — 28.8 and 25 %, respectively. The
share of arsenic and antimony with converter slag is also quite high — 23.9 and
30.8 % of the total amount in the initial charge.

Analysis of the composition of the initial mixture of mine contractile melting
shows that up to 70 % of arsenic and antimony, of their total content in the initial
mixture, is made with copper slurries and converter slag. At the same time, if the
processing of copper slips containing high levels of copper and lead seems to be
quite justified, then the involvement in the processing of converter slag with a
deliberately low copper content, with the aim of its recovery, is not entirely
appropriate. In the latter case, more impurities are introduced into the initial
mixture of contractile melting than of copper.

Additionally, magnetite (up to 25 %) is introduced into the process, which
has a significant downward effect on the distribution of metals between the
smelting products and on the quality of the target products. The withdrawal of the
converter slag from the composition of the charge, and its simultaneous
adjustment, will improve the technical and economic indicators of the mine
contractile melting process. In this case, one can expect an optimal distribution of
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base metals and impurities between the smelting products.

From the results obtained, it follows that a significant amount of impurity
metals is introduced into the process with copper slurry and converter slag. The
increase of technological indicators of the process requires the organization of
additional measures aimed at reducing the content of non-ferrous metals in slag
and deeper sublimation of arsenic and antimony into dust.

The question of impoverishment of slag on non-ferrous metals devoted a
significant amount of work. The choice of method should be determined based on
the conditions of a particular process, and dictated by the economic and
environmental feasibility of the decision.

In this work, it is proposed to improve the existing technology of mine
contractile melting by changing the composition of the initial charge by adjusting
the consumption of copper-zinc ore.

The proposed solution, in our opinion, has a number of fundamental
technological advantages. First, the organization of direct processing of the optimal
consumption of copper-zinc ore will increase the complexity of its use and provide
high extraction of non — ferrous metals in the target products: copper — in matte,
zinc — in slag, lead-in lead bullion. Secondly, optimization of copper-zinc ore
consumption will significantly affect the reduction of the amount of waste rock and
iron introduced into the process. This will significantly reduce the consumption of
silica flux. The measures taken together will significantly reduce the slag yield.
Simultaneous use of high-sulphur copper-zinc ore as sulfidization for the depletion
of converter slag non-ferrous metals, arsenic and antimony will ensure an optimal
distribution of non-ferrous metals and impurities between the melting products,
which will significantly improve the formation of the phases, their separation and
the quality of the final products.

Improving the process of mine contractile melting requires research, first of
all, the behavior of non-ferrous metals, arsenic and antimony in the processing of
semi-products, recycled materials in conjunction with copper-zinc ore. The
thermodynamic evaluation of the interaction reactions between the components of
converter slag and copper-zinc ore is of fundamental importance.
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4 Experimental part. Investigation of the behavior of copper, lead and
related metals-impurities in the conditions of mine contractile melting

4.1 Forms of copper and lead in the smelting products

In this section, the forms for finding non-ferrous and related metals in the
mine contractile smelting products of copper-containing lead semi-products and
recycled materials, which are of fundamental importance for identifying the causes
and factors affecting the loss of copper, lead from slags and low lead extraction in
lead bullion, are investigated.

Studies of the form of metals in solid samples of industrial matte and slag
mine contractile melting was carried out using x-ray phase analysis and
mineralogical studies.

Elemental analysis of the samples was performed on a mass spectrometer
with inductively coupled plasma Agilent 7700 Series ICP-MS (USA).

The study of the forms of metal detection was carried out using an
automated x-ray diffractometer DRONE - 3 with Sika radiation, B-filter.
Conditions of diffractograms shooting: U=35 kV; 1=20 mA; shooting 0-20;
detector 2 deg/min. x-ray Phase analysis on a semi-quantitative basis is performed
on diffractograms of powder samples of slags and matte using the method of equal
weightings and artificial mixtures. Quantitative ratios of crystal phases were
determined. Interpretation of diffractograms was carried out using data from ICDD
card index: powder diffractometric data base PDF2 (Powder Diffraction File) and
diffractograms of minerals pure from impurities. For the main phases, the content
was calculated.

Mineralogical studies of the surface structure of solid samples of matte and
slag were carried out using a microscope Neofot (Carl Zeiss AG, Germany).

The results of elemental analysis of the compositions of the studied samples
of matte and slag are given in table 4.1 (sample array).

It is seen that the content of copper in the matte varies from 25 to 42 % (by
weight), lead - from 19 to 30 % (by weight). There is a high content of arsenic and
antimony in the matte, which range from 1.5 % to 5 % and from 0.8 % to 2.5 %
(wt.), respectively.

The compositions of the resulting slag in the mine contractile melting, the
main components are constant and contain % (wt.): Ca0O-17; FeO-25; FeO/SiO,
ratio maintained at 1.0-1.2. The content of zinc oxide in the slag varies slightly and
is at ~10-12 % (wt.). The content of copper, lead and arsenic in slag varies within,
% (wt.): copper - 0.38 + 0.6; lead - 0.58 + 1.4; arsenic - 0.12 + 0.2. Fluctuations in
the content of antimony in the slag is negligible — in the range of 0.12 +~ 0.14 %
(mass.) and practically constant.

An interesting fact is that as a result of the analysis of traditional
dependences of the type (Me) = f [Me], for copper, a close correlation could not be
established, while for lead, a similar dependence accurately describes the direct
dependence of the lead content in the slag on its content in the matte within a small
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spread (figure 4.1).

15 17 19 21 23 25 27 29 31
[PB], macc. %

Figure 4.1 — The dependence of the lead content in the slag
from its content in the matte
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Table 4.1 —Results of elemental analysis of compositions of industrial samples of matte and slag

Matte composition, % (wt.) Slag composition, % (wt.)
N ITea Tebl [ 1zn] [ [Fel [As]  |(Cu) [(Pb) |(ZnO) |(SiOz) |(Feww) | (Cal) | (As)
1 | 38.66 | 26.33 | 4.2 7.63 4.38 05 | 108 | 1154 24.2 20.7 20.7 0.19
2 | 4255 | 29.34 | 4.24 8.94 4.77 047 | 124 | 11.72 26.49 21.18 19.7 0.17
3 | 4425 | 24.36 | 4.73 9.49 4.39 052 | 0.89 10.7 25.67 19.72 21.47 | 0.16
4 | 37.19 | 26.16 | 4.33 8.29 4.19 049 | 145 | 1164 25.31 20.5 18.69 | 0.23
5 |4052 | 28.74 | 3.24 5.96 4.98 052 | 145 | 10.42 24.69 21.5 19.85 | 0.25
6 | 42.41 | 29.66 | 2.96 5.62 5.94 053 | 1.38 | 1152 25.78 20.9 18.08 | 0.23
7 | 39.92 | 26.42 | 4.13 8.88 3.91 054 | 1.26 17.3 21.83 22.2 18.91 0.1
8 | 39.28 | 25.11 | 4.76 | 12.93 3.29 0.42 1.3 9.94 25.15 24.25 15.0 No
9 | 3751 | 25.47 | 5.25 | 13.17 2.88 0.53 | 0.63 8.54 25.51 22.22 21.02 No
10 | 38.76 | 23.29 | 6.07 12.43 3.06 0.45 | 0.84 No 26.74 21.2 19.92 | 0.13
11| 40.53 | 24.09 | 4.95 9.96 3.22 0.51 | 0.98 No 23.85 22.73 16.87 | 0.11
12 | 35.80 | 28.76 | 4.24 7.87 4.02 052 | 1.67 No 25.6 22.47 16.61 | 0.24
13| 36.54 | 25.9 | 4.12 9.05 3.94 046 | 1.12 No 27.08 21.36 1854 | 0.15
14 | 37.95 | 19.42 | 6.75 13.71 3.02 0.34 0.7 No 27.77 20.7 17.48 0.12
15| 34.73 | 19.76 | 6.84 12.8 2.8 0.35 | 0.67 No 26.19 20.93 19.17 | 0.21
16 | 37.95 | 26.36 | 5.07 10.78 3.35 0.45 | 0.99 | 10.44 24.57 23.12 17.83 | 0.12
17 | 39.82 | 23.18 | 5.13 | 11.58 2.8 0.49 | 0.84 9.97 26.53 22.41 18.22 | 0.11
18 | 38.07 | 22.74 | 5.23 | 12.24 2.83 047 | 0.81 | 10.76 26.0 23.05 1751 | 0.09




In our opinion, the established laws do not allow one to unambiguously
interpret the mechanism for copper and lead transition into slag based on general
theoretical considerations, as was customary in [19], but require more detailed
studies to clarify this mechanism.

The significant variation in industrial data and the weak link between the
copper content in the slag and its content in the matte indicates that copper in the
matte is present not only in the sulfide form, but also in other forms. Apparently,
this can be attributed to other metals present in the resulting mattes and slags.
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Figure 4.2 - Dependence of copper content in slag on its content in matte

In the case of copper, when constructing the dependence (Cu) = f [Cu], itis
necessary to take into account not the total copper content in the matte, but only its

share associated with the sulfide.
Figure 4.3 shows the diffraction patterns characteristic of powder samples of
slags and mattes, obtained as a result of x-ray phase analysis method.
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Figure 4.3 - Diffractograms of powder samples of slag and matte

The results of semi-quantitative x-ray phase analysis of slag and matte are
shown in Table 4.2 and 4.3, respectively.
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Table 4.2 - Results of semi-quantitative phase slag analysis

Name Formula Concentration, %
Olivine (Mg,Fe),(SiOq) 20.4
Fayalite Fex(SiOy) 20.0
The pyroxene (hedenbergite 1) CaFe(Si,0g) 18.6
The pyroxene (hedenbergite 2) CaFe(Si,0g) 14.5
Pyroxene (petedunnite) CazZnSi,06 12.1
Magnetite Fes04 6.8
Cu,Zn,Fe Oxide Cuos5ZngsFe,04 5.6
Galena PbS 1.9

Table 4.3 - Results of semi-quantitative phase slag analysis

Name Formula Concentration, %
Chalcocite Cu,S 38.9
Galena PbS 13.7
Sphalerite ZnS 6.3
Iron sulfide FeS 7.2
Delafossite CuFeO, 1.8
Magnetite Fes04 6.3
Fayalite Fe,SiO, 3.8
Metal lead Pb 12.2
Metal phase (Cu,Fe,As,Sb) 9.8

Figure 4.4 shows fragments of micrographs of solid slag samples

Slag based on fayalite (Fe,SiO4). Magnetite (FesO,) was found on the
background of fayalite and non-bound cristobalite (SiO,) in the form of splices of
small grains. Also visible are clusters of delafossite (CuFeQO,) in the form of thin
needles and small drop-shaped wustite grains (FeO). The inclusions of helenite
CaAlISIAIO;) and a small amount of brown-red-brown  spinels
((Fe, Ca) (Fe, Al, Zn),04) were established.

In the slag there are small inclusions of metallic lead and galena (PbS). On
the microsection of samples, inclusions of white color with high reflectivity,
characteristic of metal compounds, presumably, an alloy of copper and iron with
arsenic and antimony (MesAs, MesSb, where Me — Cu, Fe) are pronounced. In
slags, copper is mainly represented in oxide form. The proportion of the sulfide
form of copper varies from 30 % to 38 %.
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Increase - X300.1 - alloy of copper, iron with arsenic and antimony; 4 -
magnetite (Fe30,); 10 - delafossite CuFeO,;11 — wustite (FeO)

Figure 4.4 - Microstructure of the slag.

Lead in the slag is found in oxide (PbO), metal (Pby,), and sulfide (PbS)
forms. The results obtained are in good agreement with the data of [7].

It was established that the share of the sulfide component of lead is ~ 50 %
of its total content in the slag. This testifies to the fact that in the mine contractile
melting there is no significant redistribution of lead forms between matte and slag.
Therefore, to minimize the lead content in the slag during mine contractile
smelting, it is necessary to provide measures aimed at reducing the dissolved (PbO,
Pbye) and mechanical losses of lead (PbS) in matte.

The minor elements - arsenic and antimony in the slags, for the most part,
are in oxide form. Antimony is partially detected in metallic form (Sb°). The
results obtained are consistent with the data of [8-11].

The structure of copper-lead mattes looks somewhat more complicated
(Figure 4.5).

1- alloy of copper, iron with arsenic and antimony; 2 - metal copper; 4 -
magnetite (Fez0,); 5 - iron-copper sulfides; 6 - sphalerite ZnS; 7 - plattnerite PbO,;
8 - galena PbS.

Figure 4.5 - Matte microstructure. Increase - X300.
In all the matte samples examined, copper was mainly found in sulfide
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(Cu,S) form. Copper compounds with arsenic (CuzAs) and copper with antimony
(CuzSb) with pronounced outlines in insignificant amounts were found. Small
inclusions of copper are presented in the form of ferrites. Also compounds of
arsenic and antimony with iron were found. It is characteristic that the proportions
of the established various forms of copper in all matte samples are approximately
equal and are at the level of: in the form of sulfide — 80 %, in the metallic form (the
fraction of intermetallic compounds) ~ 15 % and in the form of copper ferrites —
about 5 % of the total copper content in the mattes. Lead in mattes is represented
by two forms - sulfide (PbS) and dissolved form, represented as PbO and Pbyye.
The proportions of the dissolved and sulfide forms of lead are approximately
equal. The established forms of finding copper and lead in the products of mine
contractile smelting are of fundamental importance for determining the quantitative
relations of oxide and sulfide losses of metals with slag. Taking into account that
the loss of copper and lead with slag and matte determine the peculiarities of the
distribution of noble metals between the products of smelting, the results obtained
take on special significance for practice.

The results allow us to draw a number of important conclusions for practice:

a) In the conditions of mine contractile melting, low extraction of copper in
the matte is due to an increase in the total loss of copper with slag. It was found
that the proportion of copper oxide losses during melting prevails over sulfide
losses and is ~78 %. Therefore, in order to reduce copper losses with slag, first of
all, it is necessary to provide measures to reduce copper oxide losses.

b) The high percentage of lead in the slag in the form of its sulfide (~50 %)
indicates a lack of complete recovery of lead sulfide and separation of matte and
slag during melting. The presence of dissolved form of lead in the form of metal in
slags requires measures to reduce the solubility of lead in the matte.

¢) Significant losses of lead with matte (up to 25 %) have a significant
impact on the reduction of its extraction in lead and loss of precious metals, both
with matte and slag. The study of this issue is of great interest for practice.

4.2 Thermodynamic calculations for the input mixture: Cu — Pb — Zn -
As-Sb-Fe-S-0-Si0O;

The thermodynamics of the high temperature treatment of multicomponent
mixtures Cu — Pb — Zn — As — Sb — Fe — S — O - SiO, has not been studied,
although thermodynamic calculations in the absence of lead are available [26-28].
Standard values for pure substances were used [29-31]. The results of x-ray
fluorescence measurements of converter slag and Cu-Zn ore and mineralogical
studies on the form of the metals in converter slag [32] were used to calculate the
thermodynamic properties. Arsenic and antimony in the slag are mainly found in
the pentavalent form: As>, Sb>* or As,0s and Sb,Os [33,34]. The Gibbs free
energy (AG) at 1073-1573 K for three groups of reactions is shown in table 4.4.
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Table 4.4 — Calculated Gibbs free energy (AG) for high temperature treatment of the metal mixture: Cu-Pb-Zn-As-Sb-

Fe-S-0-SiO;
Gibbs free energyAG®+ (kJ/mol)
Temperature (K)
First group Reactions 1073 1273 1473 1573 AG°t (kd/mol)
1 2CuFeS,=Cu,S+2FeS+0.5S, -22 -83 -147 -180 AG°1=138.9-0.353T
2 FeS,=FeS+0.5S, -9 -42 -75 -91 AG°r =170.75-0.167T
3 4Cu20+3S,=4Cu,S+2S0, -579 -589 -599 -594 AG°7=-542.84+0.036T
4 Cu,0+FeS=Cu,S+FeO -96 -107 -116 -119 AG°7=-47.88-0.046T
5 Cu,0+ZnS=Cu,S+Zn0 -80 -89 -98 -100 AG°7=-37.254-0.041T
6 Cu,0+PbhS=Cu,S+PbhO -46 -56 -66 -67 AG°1=3.207-0.046T
7 PbO+ZnS=PbS+ZnO -34 -33 -32 -33 AG°7=-40.461+0.006T
8 2Fe0+1.5S,=2FeS+S0, -97 -81 -67 -60 AG°7=-175.66+0.074T
9 4Fe304+S,=12Fe0+2S0, 259 133 6 -58 AG°7=938.95-0.633T
10 3Fe;0,+FeS+5Si0,=5(2Fe0xSi0,)+S0, -75 -78 -79 -92 AG°7=-50.695-0.021T
Second group
11 2Pb0O+1.5S,=2PbhS+S0, -198 -182 -167 -162 AG°1=-277.84+0.075T
12 PbO+FeS=PbS+FeO -50 -50 -50 -51 AG°7=-51.089+0.001T
13 2PbOxSi0O,+2FeS=2PbS+2FeOxSiO, -78 -54 -33 -31 AG°r=-182.86+0.1T
14 2PbOxSi0,+2ZnS=2PbS+2Zn0OxSi0O, -54 -44 -38 -38 AG°7 = -88.356+0.034T
15 PbS+2Pb0O=3Pb+S0, 9 -25 -52 -64 AG°7=-88.356+0.034T
Third group
16 2As,05+5.55,=2As,S3+5S0, -821 -841 -856 -862 AG°r =-73.48-0.082T
17 2Sb,05+5.5S,=2Sh,S;+5S0, -704 -728 =742 -746 AG°1=-62.61-0.084T
18 As,05+5FeS=As,S;+5Fe0+S, -169 -217 -261 -282 AG°t =71.90-0.226T
19 Sh,05+5FeS=Sh,S;+5Fe0+S, -110 -161 -204 -224 AG°1 =130.34-0.227T




The first group of reactions in table 3.2 includes sulfide (CuFeS,, FeS;)
decomposition reactions, reactions between non-ferrous metal oxides and products
of decomposition. These reactions describe the processes that occur during the
formation of matte and slag. Gibbs free energy of these reactions under smelting
conditions is high (60-150 kJ/mol). Only for reaction (9) is AG negative for
temperatures above 1473 K. Thermodynamic calculations indicate that the reaction
of copper oxide from converter slag with products of the sulfide decomposition
and sulfides (ZnS, FeS, PbS) from the Cu- Zn ore with matte phase formation is
possible within a wide temperature range, including the range of interest 1473—
1573 K. The main effect on the recovery of copper to the matte is achieved by
reactions (3)—(6) and of zinc to the slag by reactions (5. 7). Reaction (10) primarily
reduces magnetite. The second group of reactions in table 4.4 includes the reaction
between lead compounds (PbO, PbS, PbO 9SiO,) and products of the sulfide
decomposition with formation of the lead bullion bottom phase (reaction 15). The
thermodynamic probability of reactions (11)—(15) is ensured over the entire
temperature range. The largest value of the Gibbs free energy is AGis7sx = 162
kJ/mol for reaction (11). In practice, reaction between zinc sulfide and lead silicate
(reaction 14) is very important. Reaction (14) provides a high recovery of zinc
from the Cu-Zn ore into the slag with simultaneous transfer of lead into the matte.
The Gibbs free energy of reaction (14) is reduced from AGig73x = 54 kJ/mol to
AGis73x = 38 kd/mol (table 4.4). Thus, the highest probability of reaction (14) can
be expected immediately after injection of the Cu-Zn ore. As a result of reaction
(14), zinc sulfide from Cu-Zn ore is oxidized, and zinc is transferred into the slag
in the form of its oxide. Lead from the lead oxide in the silicate slag phase passes
to the matte in the form of PbS and is finally transferred to the lead bullion bottom
phase. The quantity of Cu-Zn ore in the mixture should provide the optimal ratio
PbS:PbO = 1:2 for formation of metallic lead bullion bottom phase. The third
group of reactions in table 3.2 includes the reaction between arsenic and antimony
compounds (As,Os and Sh,Os) and products of sulfide decomposition to form non-
toxic sulfides (As,S; and Sb,S3). The Gibbs free energy of these reactions under
smelting conditions is high (200-800 kJ/mol). Therefore, when loading a fresh
portion of Cu-Zn ore, arsenic and antimony oxides are transformed into non-toxic
sublimated sulfide. These results are consistent with a previous study of the
sulfurizing process of lead smelter slag [35] in which it was shown that more than
96 % of the zinc in the slag could be converted into sulfides.

4.3 Distribution of copper, lead and related impurities between matte and
slag

Figure 4.6 shows the balance of the resulting material flows of mine
contractile smelting.

50



= Matte
m Slag
Lead bullion

m Dust

Figure 4.6 - Material balance of the received products

The lead bullion smelting yield is 22 %. Of the total amount of lead in the
charge, only 68.8 % of lead passes into the base metal. A significant proportion of
it (25.8 %) goes into matte. The lead content in mattes reaches 26 %. The
remaining part of lead, 5.4 %, is distributed between slag and dust, 2.1 and 3.3 %,
respectively. The data obtained indicate that the decrease in the extraction of lead
in the draft metal is mainly due to its losses with matte. A significant part of
antimony passes to the lead bullion — 26.9 %. The share of arsenic in the draft
metal is insignificant and amounts to 8.8 %.

The copper content in the lead bullion varies from 2 to 5.5 % (according to
the material balance, 3.3 %). With this quality of lead, it is impossible to achieve
optimal technological indicators of subsequent refining operations, high quality of
manufactured products and recycled materials.

The situation with the resulting copper-lead mattes, the yield of which
reaches 30 %, is not the best. The copper content in them varies greatly from 25 to
45 %. The main part of copper — 87.5 % of its total amount in the original mixture,
goes into matte. 8.4 % of copper goes into dust. The share of copper in the slag is
insignificant and amounts to ~ 2 %, 45.4 % of arsenic and 27 % of antimony pass
into matte. Of the total amount of zinc in the initial mixture, up to 22 % of zinc is
concentrated in the matte. A significant content of impurities - lead, zinc, arsenic
and antimony in the resulting mattes - a consequence of their high content in blister
copper, and hence in the converter slags.

Slag yield during smelting — 36 %. Slags are characterized by a high
concentration of zinc — 7.8 %. 60 % of zinc from its total amount in the initial
charge goes to slag. The content of copper and lead in the slags is 0.47 and 1.79 %,
respectively. The proportion of arsenic and antimony, rolling in the slag, is
minimal, and is 3.0 and 5 %, respectively.

The output of dust in the mine contractile smelting is minimal and is 12 %.
In the dust passes 43 % of arsenic and 41 % of antimony, of the total amount in the
original mixture. The share of copper and lead, turning into dust, is 4.8 and 3.3 %
of their total amount in the initial charge. 17.3 % of the total zinc is transferred to
the dust.
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Taking into account the data obtained, we carried out metallurgical
calculations, including the compilation of the material and heat balance of the mine
contractile melting. The results of the calculations are given in Appendix 1.

The distribution of metals between the products of mine contractile smelting
Is shown in figure 4.7.

The established patterns show that the behavior of metals in the process
under consideration cannot be explained solely by the redistribution of metals
between the smelting products. The definition and further elimination of the causes
and factors affecting the observed negative distribution of metals between the
smelting products requires additional studies of the thermodynamics for a number
of equilibrium systems characteristic of mine contractile smelting and conversion.

Copper

88%

Figure 4.7 - The distribution of metals between the melting products
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4.4 Equilibrium studies of copper-lead matte — slag — gas phase system

The study of the distribution of metals between the products of metallurgical
production is an important issue of the theory and practice of metallurgical
processes, since it, including the extraction of metals into a useful product and
their loss with a waste product, determines the economy and technology of the
process as a whole. Determination of the thermodynamic limit of solubility of
metals in slag, as it was established in the above studies, requires knowledge of the
forms of finding metals in the products of melting and the mechanism of their
transition from one phase to another. At the same time, if in the technical literature
there is a sufficient number of ways to determine the mechanical losses of metals
with slags, the definition of dissolved losses of metals with slags requires
clarification and additional experimental studies for each case.

Thus, in recent years, the equilibria of copper — slag and copper — matte-slag
systems have been studied in detail, the dependences of copper in slag on various
factors: temperature, oxidative potential of the gas phase (Pp, ), slag composition,
copper activity have been determined. Nevertheless, despite the extensive available
material, it remained unclear what the differences between the experimental data of
different authors: with the difference in the conditions of the experiments or with
the errors of the applied methods and experiments. Much worse is the case for the
study of the solubility of lead in slag. The determination of solubility of lead in
slags is devoted to a limited number of works, where on the basis of the study of
the equilibrium of lead — slag, dissolved losses of lead with slag were determined.

There are practically no data on the solubility of copper and lead from
copper-lead matte to slag in the technical literature. The limited availability of
experimental material strongly inhibits the creation of a predictive thermodynamic
model of lead solubility in slag, similar to copper. This requires further research.

4.4.1 Choice justification of research methodology

Research of the form of the presence of metals in solid samples of industrial
matte and slag from mine contractile melting were carried out using an x-ray phase
analysis method and mineralogical studies.

Elemental analysis of the studied samples was carried out on an Agilent
7700 Series ICP-MS inductively coupled with a plasma mass spectrometer (USA).
The study of the forms of finding metals was carried out using an automated x-ray
diffractometer DRON-3 with Cuy_, B-filter. Diffractogram recording conditions: U
=35kV; =20 mA; 0-20 shooting; 2 degree / min detector x-ray phase analysis on
a semi-quantitative basis was carried out on the diffraction patterns of powder
samples of slags and mattes using a method of equal weights and artificial
mixtures. The quantitative ratios of the crystalline phases were determined.
Interpretation of diffractograms was carried out using data from the 1ICDD card
index: PDF2 (Powder Diffraction File) powder diffractometer database and

53



diffractograms of mineral-free impurities. The content was calculated for the main
phases. Mineralogical studies of the surface structure of solid samples of mattes
and slags were carried out using a Neofot microscope (Carl Zeiss AG, Germany).

4.4.2 Installation diagram and experimental procedure

Experimental studies were carried out using sulfide melts based on sulfides
of copper, iron, lead of variable composition. The composition of synthetic iron
silicate slag in all experiments was constant. This approach made it possible to
clarify the mechanism of copper and lead transition from matte to slags and to
evaluate the effect of the composition of the initial sulfide melt on the dissolved
losses of copper and lead in slags. The main attention was focused on the
quantitative determination of dissolved losses of copper and lead in the slag.
Selection of the composition of the initial sulfide alloys was carried out taking into
account the compositions of polymetallic sulphide materials obtained in practice.
To determine the solubility of non-ferrous metals in iron-silicate slag, a dynamic
method is used, which allows to determine the loss of copper and lead with slag at
controlled pressures of Py, and Py, . The essence of the method is that in equilibrium
with a complex gas mixture — CO,—~CO-SO, of a given composition, the matte-slag
system.The technique of the experiments was as follows. Sample copper-lead
matte and silicate slag are placed in the boat, which is placed on a special stand
made of foam material.

In [19] it is shown that the contact of the matte with the slag, the resulting
matte spreading by wetting them with slag and capillary rise increases mechanical
losses of metal with slag. To establish the dissolved metal losses in the slag must
be eliminated, or to minimize its mechanical losses. This was achieved by the fact
that in the conducted experiments, when the initial sample was heated, the molten
slag flowed to the matte. Next, the stand together with the boat is loaded into a
quartz reactor, which is equipped with a nozzle for entering and exiting the gas
mixture. In the working zone of the quartz reactor at the same time is placed from
four to six boats with the initial linkage.The temperature difference along the entire
length of the working area is minimal and is no more than +10 °C from the set
temperature. Temperature control was carried out by thermocouple PP-1.

After loading the boats, the quartz reactor was closed by a branch pipe. A
silite furnace was pushed onto the reactor and heated to a predetermined
temperature. The supply of a pre-prepared gas mixture of CO-CO,-SO, of a given
composition began from the moment of heating the furnace. The flow rate of the
gas mixture remained constant throughout the experiment, and was one hours.
After the necessary time the furnace was switched off. The gas mixture supply to
the reactor was stopped at the moment of complete cooling of the furnace. Further,
the furnace was moved away from the quartz reactor and the supports with boats
were removed. After separation of matte and slag, they were subjected to chemical
analysis.
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4.4.3 Preparation of raw materials

The composition of the initial iron silicate slag contained, % mass: 65.46
FeO; 30.8 Si0,; 3.74 Fe30,.

Synthetic copper-lead mattes of variable composition were prepared by
mixing pre-prepared pure sulfides of copper, lead and iron in strictly calculated
quantities. Calculations of the required amount of sulfides were based on the
assumption that the sum of copper and lead content in the initial matte was equal to
30, 40, 50, 60, 70, 75 and 80 % by weight., and their ratio varied from 0.5 to 3.0.
The sample of matte in all experiments was constant and equal to 2 g, and slag - 4
g. all mattes were added to 2 % of arsenic and antimony from the weight of the
original matte. The selected compositions of the original matte completely cover
the area of matte compositions obtained in practice.

The values of oxygen and sulfur potentials were determined by choosing the
necessary composition of the gas mixture CO — CO,— SO,. The SO, content in the
gas mixture was 17 %, the ratio of CO/CO,=3, which provided the value of
Ps, corresponding to the conditions of the reducing atmosphere. The values of
Po, and Pg in all experiments remained constant and were maintained at the level
of: Py, = 2.74-10 * Paand Ps,= 1.45-10" Pa.

The experiments were carried out at a temperature of 1523 K.

Samples of matte and slag, after the experiment, were subjected to chemical
analysis for the content of copper, lead, arsenic and antimony.

4.4.4 Results and general discussion

The results of experimental studies are given in table 4.5.

General analysis of the experimental results shows that the content of lead in
the initial matte on the copper oxide solubility has only a weak effect. In the case
of lead, its solubility in the slag is determined by both a change in the Cu/Pb ratio
and the iron content in the matte.

Earlier it was found that for an array of industrial data (table 4.1, section 4.1)
in the construction of traditional dependences of type (Me) = f [Me], for copper, a
sufficiently close correlation between the values under consideration could not be
established, while for lead an equation adequately describing the desired
dependence was obtained:

(Pb) = 0.082 [Pb] — 1.01, r = 0.79 (4.1)

This phenomenon can be explained by the redistribution of forms of metals
in matte and slag. Apparently, in the case of copper, when constructing the
dependence (Cu) = f [Cu], it is necessary to take into account not the total content
of copper in the matte, but only that its share, which is connected in the form of
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sulfide.

On this basis, in the presented array of industrial data copper content in the
matte was calculated for the content is associated in the sulfide. Figure 4.9 shows
the dependence of the copper content in the slag on the copper content in the matte
bound to the sulfide form.

0,6
0,55
0,5
0,45 /
0,4
0,35
0,3

0,25

0,2
25,00 27,00 29,00 31,00 33,00 35,00 37,00
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Figure 4.9 - Dependence of copper content in slag on its content in matte

It is easy to see that the copper content in the slag increases with the copper
content in the matte. Therefore, despite the complexity of the distribution
mechanism between the smelting products, the traditional dependence for copper
(Cu) = f [Cu] is preserved in the processing of copper-lead containing raw
materials in the conditions of mine contractile melting.

The obtained results of experiments together with industrial data of slag and
matte compositions given in table 4.1 (section 4.1) were subjected to mathematical
processing. As a result, the equations describing the losses of copper, lead and slag
depending on the composition of the original matte are obtained:

(Cu) =0.199 + 3.118*107[Cu] — 2.29%10*[Pb], r=0.92; (4.2)
(Pb) = 0.431 + 0.011[Pb] — 1.127*10™[Fe] r=0.94. (4.3)

where r is the correlation coefficient.
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Table 4.5 - Results of chemical analysis and calculated values of the distribution coefficients of metals (Lye) between a
matte and a slag

Ne fin all\r/lr;tt?:e,ca? t;);t\/\llgi ght. Composition of final slag, % wt. The dISttrrlgurtr:gtnaﬁ OLGLTC'ent of
[Cu] [Pb] [As] [Sh] (Cu) | (Pb) | (As) | (Sb) | (FeO) | (SiOy) | Lcu/10 | Lpp Las | Lsp
1 112 19.4 0.22 0.89 0.14 | 058 |[0.13 |[0.24 [64.03 |2831 |8.0 33.45 (1.7 |37
2 |16.3 13.72 0.36 1.0 0.16 |0.12 |0.14 |0.28 |59.23 |27.84 |10.2 114 |26 |36
3 |3162 8.67 0.78 0.83 021 |03 0.19 |0.23 |59.87 |29.1 15.1 289 |41 |36
4 |36.42 23.17 0.86 0.48 0.26 |0.89 |0.21 |0.13 |64.02 |27.97 |14.0 26.03 | 4.1 |37
5 |[39.07 19.42 0.9 0.57 0.28 | 058 |0.21 |0.16 |60.73 |29.54 |13.95 |33.48 |43 |3.56
6 |34.8 32.86 0.84 0.25 024 | 168 |0.2 0.1 |57.9 28.78 | 145 1956 (4.2 |25
7 |38.1 28.57 1.15 0.31 027 | 133 | 024 |0.09 | 6287 |27.97 |14.1 2148 |48 |34
8 |44.38 23.18 1.18 0.39 0.28 | 0.89 |0.25 |0.11 |59.74 |29.45 |16.0 26.05 | 4.72 | 3.5
9 |48.74 22.8 1.16 0.35 0.3 0.86 | 0.19 |0.1 6183 |2864 |16.25 (265 [6.1 |35
10 | 48.72 27.92 1.23 0.22 028 |1.28 |0.26 |0.06 |6249 |2947 |174 21.81 | 4.7 | 3.66
11 | 59.47 17.09 1.47 0.39 029 | 039 [0.29 |0.19 |61.92 |28.97 |205 4382 |51 |21




High values of correlation coefficients r = 0.92 and r = 0.94 indicate a strong
relationship between the values under consideration. It is easy to see that the
solubility of lead in the slag decreases with increased iron content in the matte.
This is confirmed by the oxide mechanism of lead transition to slag.

Equations (4.2), (4.3) allow us to estimate the effect of matte composition on
the final content of copper and lead in slag and can be used to quantify their
content with slag in practice.

Figure 4.10 shows the dependence of copper oxide solubility in slag on its
content in matte. The figure also shows the data of industrial results showing the
dependence of the copper content in the slag on the copper content in the matte
bound in the sulfide.

1,4

1,2

{Cu), % mMac.

...#t:’.'

0,2 O

0,4

0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00
[Cu], % mac.

O— experimental data; e — industrial area; A— data work [23].

Figure 4.10 - Dependence of dissolved copper losses in slags
from the copper content in the matte

A comparative analysis of the results shows a good consistency: the nature
of the dependence of the copper content in the slag on its content in the matte is
identical and confirms the traditional patterns.

It can be seen that the data of this work are below the results of industrial
data. This seems quite natural. The overestimated values of the industrial results
are explained by the higher temperature of the process, the increase of which leads
to an increase in the copper content in the slags. In addition, the content of copper
in industrial slags characterizes its total content, while in our studies only the oxide
solubility of copper is taken into account.
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Similar direct evidence of the retention of the mechanism of transfer of
copper from the matte to the slag in the dissolved form (CuOqs) throughout the
range of compositions of mattes.

Figure 4.10 - 4.11 shows the dependence of the metal distribution
coefficients between matte and slag on their content in the matte at a constant
pressure of oxygen and sulfur, as well as temperature.

It is easy to see the General pattern for copper and arsenic — the distribution
coefficients increase with their content in matte (figure 4.9-4.11). The results on
the distribution coefficient of these metals practically fall on a straight line, with a
slight spread.
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Figure 4.11 - Dependence of the distribution coefficient of lead (Pb)
from its content in matte, % (wt.)
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Figure 4.12 - Dependence of the copper distribution coefficient (Lo *10™)
from its content in matte, % (wt.)
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This indicates that in the system under consideration the mechanism of
copper and arsenic transition to slag is described by their oxidation reactions. At
the same time, their losses with slag are determined by the oxide form of solubility
in slags.

It is noteworthy that the distribution coefficient of lead between matte and
slag gradually decreases with increasing lead content in the matte. And at low
concentrations of lead, there is a noticeable spread of data (figure 4.8).

The dependences observed in figure 4.10 - 4.11 are well described by
equations constructed as a result of mathematical processing of experimental data,
which have the form:

Lo/ 10 =0.93 + 0.37 [Cu], r=0.91; (4.4)
Lep = 45.23 — 0.69 [Pb], r=0.77; (4.5)

where r - is the pair correlation coefficient.

The relatively high correlation coefficients of equations (4.4) and (4.5)
indicate a strong relationship between the values under consideration.

Thus, the results show that in order to reduce the loss of lead with slag, it is
necessary, first of all, to minimize the proportion of lead dissolved in the matte in
the form of metal, and then to influence the reduction of lead sulfide content in the
matte.

4.5 Ways to improve the process performance of mine contractile
melting

The work presents a theoretical assessment of copper, lead, arsenic,
antimony in mine contractile melting is determined mainly by the composition of
the initial charge. It is established that during the melting of semi-products and
circulating materials of lead production the consumption of quartz flux is
unreasonably high, which increases the slag yield and affects the final distribution
of metals between the matte and slag.

Based on the results obtained, the composition of the initial charge was
adjusted by determining the optimal flow rate of quartz flux. The essence of the
chosen approach is that the optimization of the flux consumption of the furnace
and the thermal balance of the furnace show that the excess heat available in
practice allows to process up to 14 % of copper-zinc ore from the weight of the
charge. This conclusion is of fundamental importance for practice, based on the
following possibilities:

a) There is an additional possibility of direct processing of complex
composition of copper-zinc ore in one operation with the transfer of copper and
zinc in the target products-matte and slag, respectively, with their high extraction;

b) The use of an additional amount of quartz contained in the ore will
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significantly reduce the consumption of quartz flux, which will affect the reduction
of material costs;

c¢) Processing of copper-zinc ore, together with intermediates and recycling
materials of the lead production will allow to use it as sulfuring agent for the
transfer of arsenic and antimony in their high-volatile sulfides, which will greatly
increase there is license valid is provided based on the content of quartz present in
the dust;

d) Loading of high-sulfur copper-zinc ore will also create favorable
conditions for the sulfide reactions of lead media, which will significantly reduce
their losses with slag.

X-ray phase analysis of a number of ore samples was carried out to
determine the phase composition of copper-zinc ore. The results of the research
showed that the main sulfide components are Cu,S, CuFeS,, FeS,, FeS and ZnS.

When structuring the composition of the initial charge, the quantitative ratios
of its main components - copper slurry, converter slag and charge CM — were left
unchanged. Quartz and calcium oxide are 3 % and 2 %, respectively.

Selection of the required amount of copper-zinc ore was carried out by
calculation, taking into account the content of copper, zinc, iron, silica and sulfur
in it, bound in various compounds.

Metallurgical calculations of the initial charge composition were carried out
using specially developed mathematical programs. The calculations used the data
of factory practice and the results of mineralogical studies on the forms of non-
ferrous metals, arsenic and antimony in the components of the initial charge and
smelting products (Appendix B).

When choosing the optimal flow rate of copper-zinc ore, we proceeded from
the possibility of complex use of its high-sulfur components (pyrite, chalcopyrite)
as a sulfuring component and the amount of quartz, since it is contained in the ore.

The calculated composition of the initial charge of the shaft contractile
melting, obtained as a result of metallurgical calculations, is shown in figure 3.3
and 3.4 (section 3.3)

A comparative analysis of the existing initial charge with its corrected
structure shows that when melting the charge of a given composition by the
mechanism of the process itself, it is possible to achieve favorable conditions for
obtaining copper and lead-poor slags.

Thus, in figure 4.13 it can be seen that the yield of products of mine
contractile melting is markedly different from the composition of the charge of the
existing technology. The content of copper in the slag is reduced from 0.92 % to
0.3 %, lead — from 1.2 % to 0.2 %.

Increases the content of arsenic and antimony in the dust. Check them out
in the dust, 85 % and 77 %, respectively.

The distribution of copper and lead between smelting products has been
significantly improved. The composition of the slag contains a minimum content
of copper (0.3 %), lead (0.2 %) and arsenic (0.2 %), which leads to an increase in
its quality. Matte quality is improved: the copper content in it is increased to 92 %.
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Exceeds its content according to the existing scheme.

Loaded

a) b)
u Copper dross ® | SM charge Flux ore : ® Cu-Zn ore ¥ IConversion slag
a) .
b
. Received )

12% 22% ‘“
36%. .
30%

m Matte m Slag Dust

m  Lead bullion

a) - initial charge according to the existing technology; b) - adjusted
composition of the initial charge

Figure 4.13 - comparative analysis of material flows
when processing the original charge of different composition

A comparative analysis of the distribution of metals between the products of

mine contractile melting, obtained by the existing and proposed technology is
shown in figure 4.13.
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Figure 4.14 — A comparative analysis of the distribution of metals

As can be seen with the optimal composition of the initial charge, the
content of copper sulfide in the matte increases and favorable conditions for the
sublimation of arsenic and antimony are provided.

The amount of slag is reduced by reducing the consumption of quartz flux.

In table B.12 (Appendix B) a comparative analysis of the technological
parameters of the process of mine contractile melting in the processing of the
existing charge and the adjusted composition of the original charge by adding m-
TS ore.Thus, the obtained results show the principal possibility of improving the
technological parameters of the process of mine contractile melting by direct
processing of copper-zinc ore and optimization of its consumption.
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5 Possibility of using the Vanyukov process to process semi-products
and recycled materials for lead production

5.1 Research methods

The data on thermodynamic equilibrium of matte — slag system — gas phase
and lead bullion — slag are widely used in the work. Evaluation of the possibility of
joint processing of semi-products of lead production (copper slurries, the poor
copper-lead mattes) sulfide lead concentrate is carried out on the basis of the
calculation of material balance of two zone Vanyukov furnace using a specially
developed program.

The composition structure of the initial charge is selected based on melting
on matte to produce lead-rich slag in the oxidizing zone of the Vanyukov's
furnace. Extraction of lead from slag is provided in the recovery zone of the
furnace.

Compositions of components of initial charge are accepted according to
factory practice of LLP “Kazzinc” (table 5.1).

Table 5.1 - Chemical composition of the components of the initial charge

Name of products Chemical composition, % wit. _
Cu Pb Zn S Fe SiO,
Copper slickers 29.0 36.0 4.0 8.8 - -
Lead concentrate 1.7 41.5 5.1 28.0 16.3 14
Copper gold-containing 4.9 2.7 6.9 2.0 3.7 66.0
concentrate
Lead dust 0.1 53.6 9.8 14.2 0.9 0.7

Calculation of the thermal balance of the process was a traditional task and
was reduced to establishing a heat deficit in order to determine the optimal fuel
consumption (coal) and reducing agent (carbon) required for melting. As fuel and
reductant used coal of Shubarkul deposit of the following composition, %: 87.5;
12.5 other.

In was used as a flux silica flux composition, %: Fe — 3.5; 75.0 — SiO,; CaO
—5.0; 16.5 — other.

The composition of the slag melting, % wt.: 0.19 Cu; Pb 42.97; of 9.26 Fe;
7.20 Zn; of 15.09 SiO,; Ca0 0.16; 7.76 O,; other of 17.38.

Melting temperature is 1300°C.

The calculations used the blast is enriched with oxygen.

The number of forms in the oxidation zone of magnetite was determined
according to the state diagram of the system FeO-Fe,03-SiO, on the basis of
FeO/Fe,03;=4 and the content of silica in the slag [24].
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5.2 Results and discussion

The schematic diagram of the proposed technology for processing semi-
products and recycled materials of lead production is presented in Figure 5.1.

Charge
{Copper slurries, lead concentrate,
gold copper concentrate, lead dust

i

Air - Two-zone Vanyukov's Coal
furnace Shubarkolsky
(C=287.5%)
Lead bullion Copper-lead matte Slag Dust, gas
(Cu-0,27%: Pb-5.83%) (Cu-32,1%; Pb-25,6%) (Cu-0,14%: Pb-1.63%) l
Refining To extract lead with Fuming Processing
further conversion

Figure 5.1 - Schematic diagram of the processing of semi-products
and recycling materials of the lead production

The structure of the initial charge composition is shown in Figure 5.2,

Initial charge

= Copperslip = Lead concentrate = Copper gold-containing concentrate = Lead dust

Figure 5.2 - Composition of the initial charge

The choice of composition of the components of the initial charge is chosen
so that under conditions of oxidizing atmosphere to prevent the flow of melting
reaction between the sulfide and oxide of lead. This is achieved by selecting the
optimal ratio between the composition of the initial charge and the flow rate of the
blast enriched with oxygen required for the oxidation of a given amount of iron
sulfide. Set the degree of enrichment of blast air with oxygen provides the
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minimum output lead of the sublimates and the necessity of a given level of
desulfurization. Consumption of added flux promotes binding produced minor
amounts of lead oxide and zinc silicate chemical resistant connection that prevents
the leakage of the melting reaction between the sulfide and oxide of lead.

The products of melting of the oxidizing zone are copper-lead matte and slag
rich in lead.

Copper-lead matte contains up to 15 % lead and can be processed according
to the existing conversion technology to obtain copper bullion. The existing
practice of copper-lead matte processing shows that the conversion process is
accompanied by a large yield of lead dust, which, as a negotiable material, leads to
significant losses of lead between the products of agglomerating firing and mine
smelting. The source of losses of base metals is also converter slag with a high
content of copper and lead (up to 3 % and 25 %, respectively), which is sent to
mine contractile melting for their extraction. Based on this, in our opinion, the
most appropriate is the organization of separate, independent processing of copper-
lead matte obtained in a separate furnace for the purpose of additional extraction of
lead from the matte to lead bullion. This approach will improve lead recovery and
significantly improve the quality of copper matte with the exception of all
shortcomings inherent in the existing technology. Our preliminary research
experiments on the extraction of lead from matte in various ways have shown good
results and will be published in the scientific literature in the near future.

The slag obtained in the oxidizing zone of the furnace contains up to
42.97 % of lead and is sent to the reduction zone to extract lead to lead bullion.
The content of lead in draft the lead is 95.83 %. The minimum content of impurity
metals (Cu, As, Sb) will significantly reduce the load on further refining operations
of lead bullion. Obtained after the restoration of slag is suitable for use for its
intended purpose — for the production of building materials or iron.

The material balance of the fluxes of the oxidizing zone of the furnace is
shown in Figure 5.3.

Source products Products received
0,04%

11,6%
30,2%

Charge ®mQuartz = Coal = Blowing Matte = Slag ®Dust ®\Waste gases M Discrepancy

0,4%

Figure 5.3 - Material balance of the flows of the oxidizing zone
of the Vanyukov's furnace

It is easy to see that the matte output is 11.63 % at the selected process

67



organization. At the optimal level of oxidation of iron sulfide, preventing the
formation of lead metal copper content in matte is 32.09 %. The extraction of
copper in the matte reaches 97.5 %.

The compositions of the obtained products of the oxidizing and reducing
zone are presented in table 5.2, 5.3 respectively.

Table 5.2 - Chemical composition of products obtained in the oxidizing zone

. Chemical composition, % wt.

Products Quantity. t Fo TPy [Fe [zn |S | CaO|SiO, | Other
Matte 25.9 321 | 251 |154 |06 |21.1 5.7
Slag 67.4 02 [426 |92 |71 0.2 |149 |18.1
Dust 1.0 86 394 |10.1 |54 |206 |01 |42 |117
Waste gas 128.6 2.7 0.2 |11.2
In total: 222.9

Table 5.3 - Chemical composition of products obtained in the recovery zone
. Chemical composition, % wit.

Products Quantity. t "o ™ Tpb [Fe |zn |S | CaO |SiO, | Other
Lead bullion 28.7 0.1 35.1 1.4 287 |01
Slag 35.5 0.1 07 |59 |01 |129 |13.7 |355 |0.07
Waste gas 13.1 1.1 0.3 13.1
In total: 77.3

Results calculation of the heat balance of the oxidizing and reducing zone of
the Vanyukov’s furnace is presented in table 5.4, 5.5 respectively.

Table 5.4 - Thermal balance of the oxidizing zone

The arrival of the heat

Heat consumption

Articles coming kJ % Item of expenditure | kJ %
The heat of the charge 1004.2 0.4 Heat matte 24406.3 9.3
Warm air 5201.2 2.0 The heat of slag 96032.1 36.4
The r_]eat of oxidation 1177020 | 44.7

reaction of metals

ngogﬁat of combustion | 1343084 | 51.0 | Heat gases 1430323 |54.3
The he_at of slag 5955 0 20

formation

In total: 263470.8 | 100 In total: 263470.7 | 100

68




Table 5.5 - Heat balance of the recovery zone

The arrival of the heat Heat consumption
Articles coming kJ % Item of expenditure | kJ %

The heat of slag 79686.21 | 70.57 Draft lead heat 3466.26 | 3.07
Warm air 436.97 0.39 The heat of slag 50569.65 | 44.78
Ifhf:’o:fat of combustion | o755 95 | 2439 | Heat gases 2921554 | 25.87
The _ heat of slag 595501 | 4.65 The hgat absorbed by 29672.69 | 26.28
formation the caissons

In total: 112924.1 | 100 In total: 112924.1 | 100

From the results table 5.5 it follows that the selected process mode and the
specified parameters ensure a stable operation of the Vanyukov's furnace. The
main share of heat coming up to 45.0 % of the heat generated from oxidation of
iron sulfide. The heat deficit resulting from the incomplete oxidation of sulfide of
iron, is covered with downloading the additional quantity of fuel (coal). At the
same time, the required coal consumption is estimated to be insignificant and
amounts to ~5 %.

To maintain the heat balance of the furnace recovery zone, 27545.9 kJ (~25
%) of the heat deficit must be covered (table 5.5). The established deficit of heat
without much effort and costs is blocked by additional burning of coal.

Of great interest from the point of view of practice is the evaluation of the
distribution of base non-ferrous metals between smelting products. In figure 5.4
shows the distribution of copper, lead and zinc between the melting products of the
oxidation and reduction zone.

90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 . 10
0 — — 0 —
Cu Pb Zn Cu Pb zn

A) B)
A) to the oxidation zone; B) rehabilitation area
Figure 5.4 - The distribution of Cu, Pb, Zn smelting between products:
It is easy to see that the oxidizing zone achieves a high copper distribution to
~98 % in matte, with its slight transition to slag and dust (1.5 % and 1.0 %,

respectively).
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High extraction of copper in the matte provides a sufficiently high quality of
lead bullion: the copper content in the lead bullion is minimal and is — 0.27 %. The
content of lead in the lead bullion reaches ~ 96.0 %.

The total balance of material flows of processing of semi-products and
circulating materials in conjunction with the matte Vanyukov’s furnace shown in

Figure 5.5.

Source products

52,1%

3,3%

2,7%

m Charge wm= Quartz Coal Bowling

Products received
2,6%

| &
N\

0,4%

m Rough lead = Matte = Slag = Dust m Waste gases m Discrepancy

Figure 5.5 - The overall material balance the streams of the Vanyukov's furnace in
the processing of semi-products and recycling materials of the lead production.

The final distribution of non-ferrous metals between the fusion products is
shown in Figure 5.6.
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Figure 5.6 - Distribution of non-ferrous metals between smelting products

The results obtained show a high recovery of copper matte and lead lead
bullion. In this case, zinc is mainly concentrated in slag and can be extracted
without much effort and material costs by known methods, for example, fuming
process. Implementation of the proposed technology in practice will ensure high
efficiency of physical and chemical interactions between the components of the
charge, elimination of the use of expensive coke reducing agent, as well as
significantly improve the quality of the products. Separate independent processing
of copper-lead matte will allow to achieve deep extraction of lead from matte and
get rich (up to 50 %) on the content of copper matte. Further processing of these
rods will significantly reduce the material costs of the conversion process and
losses of copper and lead, arising from their circulation in the melting-conversion
chain.

Summary:

a) On the basis of common positions of technological calculations the
principal possibility of using two zone Vanyukov's furnace for processing of semi-
products and circulating materials with sulfide lead concentrate complex in
chemical and phase composition is shown. It is shown that the choice of the
structure and composition of the initial charge is of great importance in the
organization of the process.

b) The use of a two-zone Vanyukov's furnace allows to achieve selective
separation of copper and lead into target products and to ensure their high
extraction into matte and lead, respectively.

c) The obtained results will be used to select the optimal composition of the
initial charge, determine the optimal process parameters in order to improve the
existing technology of mine contractile melting, in relation to the conditions of
LLP "Kazzinc".
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CONCLUSION

The increase in the volume of semi-products and circulating materials of lead
production requires the search for new approaches and solutions for their
processing. The relevance of the issue is due to the fact that these products contain
high content of copper, lead and related precious metals, have a complex chemical
and mineralogical composition. The semi-products and circulating materials
obtained at lead plants are characterized by a high content of arsenic and antimony,
which have a negative impact on the environment and the final technological
indicators during their processing.

As the analysis shows, in the technical literature there is practically no data
on the study of thermodynamics of complex sulfide systems describing the
compositions of intermediates and recycled materials. In the literature, there is
practically no work on the study of the equilibrium of the copper-lead matte-slag-
gas phase system. The coverage of such theoretically important issues as the
mechanism of copper and lead transition from polymetallic copper-lead matte to
slag seems insufficient. There is no data on the study of the forms of finding metals
in smelting products in the processing of complex composition of copper, lead
containing raw materials. All these gaps and their solution formed the scientific
basis and direction of research of this work.

As a result of the complex research, including the study of thermodynamics
of complex composition of oxide-sulfide systems, determination of the
composition and structure of industrial slag and matte using high-precision
technical means and metallurgical calculations in the new data complementary
gaps in the technical literature and are of great importance for practice, namely:

a) It is established that during the reduction smelting semi-products and
recycling materials of the lead production the mechanism of the transition lead and
copper out of matte in the slag is determined by the occurrence of several
reactions: the exchange between sulphides and precious metals and iron oxide;
joint transition in the slag of lead cations and anions of sulfur and the reaction
between sulphide of lead and copper with magnetite.

b) The results of x-ray phase analysis and mineralogical studies of the form
of finding metals in solid samples of industrial matte and slag mine contractile
melting showed that the copper content in the matte varies from 25 to 42 % (by
weight), lead - from 19 to 30 % (by weight). There is a high content of arsenic and
antimony in the matte, which vary from 1.5 % to 5 % and from 0.8 % to 2.5 %
(mass.), respectively.

c) In the conditions of mine contractile melting, low extraction of copper in
the matte is due to an increase in the total loss of copper with slag. It was found
that the proportion of copper oxide losses during melting prevails over sulfide
losses and is ~78 %. Therefore, to reduce copper losses with slag, first of all, it is
necessary to provide measures to reduce copper oxide losses.

d) It was found that the proportion of lead in the slag in the form of its
sulfide is high enough (~50 %), indicating incomplete recovery of lead sulfide and
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separation of matte and slag during melting. The presence of dissolved form of
lead in the form of metal in slags requires measures to reduce the solubility of lead
in the matte.

e) Significant losses of lead with matte (up to 25 %), the presence of which
in the matte has a significant impact on reducing its extraction in the lead and loss
of precious metals, both with matte and slag. The study of this issue is of great
interest for practice.

Thus, the results obtained show that in order to reduce the loss of lead with
slag, it is necessary, first of all, to minimize the proportion of lead dissolved in the
matte in the form of metal, and then to influence the reduction of lead sulfide
content in the matte.

On the basis of common positions of technological calculations the principal
possibility of using two zone Vanyukov's furnace for processing of semi-products
and circulating materials with sulfide lead concentrate complex in chemical and
phase composition is shown. It is shown that the choice of the structure and
composition of the initial charge is of great importance in the organization of the
process.

The use of a two-zone Vanyukov’'s furnace allows to achieve selective
separation of copper and lead into target products and to ensure their high
extraction into matte and lead bullion, respectively.

The obtained results will be used to select the optimal composition of the
initial charge, determine the optimal process parameters in order to improve the
existing technology of mine contractile melting, in relation to the conditions of
LLP "Kazzinc".
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Metallurgical

Table A.1 — Rational composition of copper slurry

calculations:

Appendix A

material

and heat balance of mine
contractile melting of semi-products and circulating materials of lead
production (Existing technology).
The rational composition of semi-products and circulating materials of the
process is calculated and the values are given in the tables. Charge copper slurries
of 30 %; converter slag 26 %; mixture CM — 44 %.

Composition Cu Pb Zn S As Sb Other: Total:
Cu,S 29 7.31 36.31
PbS 9.45 1.46 10.91
Pb 26.55 26.55
Zn 4 4
As 3.87 3.87
Sh 1.4 1.4
Other 16.96 16.96
Total 29 36 4 8.77 3.87 1.4 16.96 100
Table A.2 — Rational composition of copper-zinc ore
Composition Cu Pb Zn Fe S SiO, Other Total
CuFeS, 2.72 2.38 2.72 7.82
PbS 0.37 0.06 0.43
ZnS 3.35 1.65 5
FeS 24.44 | 13.97 38.41
SiO, 14.7 14.7
Other 33.64 33.64
Total 2.72 0.37 3.35 26.82 | 18.4 14.7 33.64 100
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Table A.3 — Rational composition of poor matte

Composition | Cu Pb Zn Fe S As Sb O, Other | Total
Cu,S 6.36 1.59 7.95
Cu 14.49 14.49
Pbs 6.48 1 7.48
Pb 13.02 13.02
ZnS 11.4 5.61 17.01
FeS 5.08 |29 7.98
Fes04 10 3.81 13.81
FesAs; 1.23 1.1 2.33
FesSh, 0.39 0.56 0.95
Other 1498 | 14.98
Total 20.85 | 195 114 |16.7 | 111 |11 056 |3.81 |14.98 | 100
Table A.4— Rational composition of converter slag
Composition Cu Pb Zn | Fe| O, | As | Sb SiO, | Other | Total
Cu,0O 3.83 0.48 431
PbO*SiO, 335 2.59 9.7 45.79
ZnO*SiO;, 4.54 1.12 4.19 9.85
As,05 1.23 | 23 3.53
Sh,0s 0.31 0.94 1.25
2Fe0*SiO, 12 | 343 6.43 21.86
Fes04 3 1.14 4.14
SiO; 1.34 1.34
Other 7.93 7.93
Total 383 | 335 454 |15 | 103 |23 | 094 |2166 |7.93 100
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Table A.5 — Rational composition of alkali alloy

Continuation of appendix A

Composition Cu Pb Zn As Sb 0, Total
Cu,0 0.08 0.01 0.09
PbO 61.7 4.76 66.46
Zn0 24.48 6.02 30.5
As,05 0.97 0.31 1.28
Sb,0s 14 0.27 1.67
Total 0.08 61.7 24.48 0.97 14 11.37 100
Table A.6 — Rational composition of flux
Composition Pb SiO, 0, Other Total
PbO 0.62 0.05 0.67
SiO, 74.8 74.8
Other 24.53 24.53
Total 0.62 74.8 0.05 24.53 100

On the basis of the calculated rational compositions of the loaded
substances, the average composition of the initial charge of the mine contractile
melting, % by weight is established.: Cu —12.1; Pb — 30.25; Zn — 4.83; Fe — 9.5;
As—2.5;Sb-0.78; S—8; SiO, — 10.5; CaO — 7.31; others — 14.22.

The calculation of the yield and composition of slag
Take slag of the following composition.
Zinc oxide content in slag:

(4.83-0.9)*0.9*81/65=4.9
Iron oxide content:
5.34*72/56=6.87
The content of SiO,:
10.5-0.69=9.81
The content of CaO:
7.31-0.07=7.22
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Table A.7 — Calculation of slag yield and composition

Composition |Cu |Pb | Zn | Fe As |Sb |S SiO, | CaO | Other | Total
Slag 0.43 | 1.63 998 | 13.58 [ 0.15 | 0.1 |1.27 | 24.96 | 18.37 | 29.53 | 100
Quantity 0.17 | 0.64 | 393 [5.34 [0.06 004 |05 |981 |7.22 |11.61 |39.31

Calculation of the content of products

Table A.8-Dust quantity and content
Name Cu Pb Zn Fe As Sb S CaO | SiO, | Other | Total
Dust 6.75 | 12.5 | 5.86 | 1.37 | 13.5 |4.0 |[27.63 |1.13 |[1.34 |29.88 | 100
Composition | 0.54 [ 1.0 |0.47 [0.11 [1.08 |0.32 |2.21 |0.09 [0.09 |239 |8
The sulfur content of the matte:

(8-2.21)*0.9=5.22 kg

Table A.9 —Contents of matte
Name Cu Pb Zn Fe AsS Sh S SiO, | Other | Total
Matte 3347 |25.9 | 142 [135 |2.81 |0.71 [174 |2 2.79 | 100
Content 10.04 [7.77 [ 0.43 [4.05 |[0.84 |0.21 |522 [0.6 [0.84 |30
The content of lead in the leadbullion:

30.25-(0.64+1+7.77)=20.84 kg
The content of copper in the leadbullion :
12.1-(10.04+0.54+0.17)=1.35 kg

Table A.10 — Content of the lead bullion
Name Cu Pb Zn | Fe | As Sh S SiO, | Other | Total
Lead bullion 595 1918 |- - 097 1093 |0.31 |- - 100
Content 1.35 |20.84 |- - 022 |0.21 |0.07 |- - 22.69

As a result, we derive the material balance
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Continuation of appendix A

Table A.11- Material balance and distribution of metals between the products of mine contractile melting

Name | Quantity,t | Cu \ Pb \ Zn \ As \ Sb

Loaded: | 1 "I | 1 1l | 1 i I I Il | | 1!
The mixture of CM 44 | 12.2 5.37 444 | 29.3 | 1245 | 412 | 55 | 24 50 | 1.17 |1 0.75|29.9 | 0.27 | 0.12 | 154
Copper slurry 30 | 19.0 5.7 47.1 1 30.3 | 9.09 | 300]| 40 | 1.2 25 | 387|116 | 46.2 | 1.4 | 0.42 | 53.8
Converter slag 26 | 3.83 1.0 85 | 335 | 871 | 288|454 | 123 | 25 23 | 0.6 | 239|094 | 0.24 | 30.8
Total: 100 12.1 100 30.25 | 100 4.83 | 100 251 | 100 0.78 | 100

Received:
Lead bullion 22 | 3.3 0.73 6.0 | 946 | 20.8 | 68.8 - - - 10 | 022 | 88 | 097 |0.21| 26.9
Matte 30 | 35.3 10.6 875|259 | 7.8 |258| 34 [1.02 | 22 3.8 [1.14 {454 | 0.7 | 021 | 27.0
Slag 36 | 0.47 0.2 1.7 {179 | 064 | 21 | 78 | 281 |60.7| 0.2 {007 | 28 | 0.1 | 004 | 5.1
Dust 12 | 4.8 0.57 48 | 84 | 1.01 33 | 67 | 08 | 33 | 90 (108 430 26 | 032|410
Total: 100 12.1 100 30.25 | 100 4.63 | 100 2.51 | 100 0.78 | 100

I — content, %; Il — quantity, t; 111 — distribution, %




Continuation of appendix A
The calculation of the heat balance of the mine contractile melting
Heat is supplied
The heat from the burning coke:
From burning CO, :

94052* 3.43/12=112478 kJ
From burning CO:
26417*2.28/12=20999 kJ

From burning H:

57798*0.03/2=3628 kJ
From burning S:

70960*0.03/32=280 kJ

From total fuel combustion:
Qpum=137986 kJ

The physical heat of the charge

Qumix =1004 kJ
Physical heat of fuel

Qpurm =192 kJ
Physical air heat

Qair =879 kJ

After exothermic reactions:

Qex0=53614 kJ
The total amount of heat:

137986+1004+192+879+53614=193675 kJ
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Heat consumption

The heat consumption of lead bullion:
Qtead bullion=2820 kJ
The flow of heat matte:
Qmatte=30125 kJ

The heat consumption of slag:
Qs1ag=52631 kJ
The flow of heat dust:
Quus=1004 kJ
The heat consumption of gas:
Qy=40539 kJ
The flow of heat endothermic reactions
Qeng=57304 kJ
Water cooling:
Quw=4393 kJ
Loss out:
Q,=1079 kJ

The consumption of the total amount of heat:
Q=189895 kJ
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A summary heat balance of the process

Table A.12 —-Summary heat balance of the process

The arrival of the heat

Heat consumption

Fuel combustion

Generated heat of
endothermic reactions

The physical heat of
the charge

Physical heat of fuel

Physical air heat

Subtotal

137986 kJ

53614 kJ

1004 kJ

192 kJ
879 kJ

189895 kJ

The heat consumption
of lead bullion:

The flow of heat
matte:

The heat consumption
of slag:

The flow of heat dust:

The heat consumption
of gas:

The flow of heat
endothermic reactions

Heat of cooling
caissons

Loss out:

Discrepancy

Subtotal

2820 kJ

30125 kJ

52631 kJ

1004 kJ

40539 kJ

57304 kJ

4393 kJ

1079 kJ

3780 kJ

189895 kJ
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Table A.13 — Consolidated material balance

Name | Cu | Pb | Zn | Fe \ As Sb S SiO, Cao ‘ Other ‘ Total:
Loaded:
%.t % t % t % t % t % t % t % t % t % t %,t %, t.
The mixture | 25 | 212 | 53 [ 228 57 | 88 | 22 [148| 37 | 08 | 02 |04 |01 | 72| 18|27 |067| 3 | 07 | 463 25
of the CM
Copper 30 | 21 | 63 |453|136| 50 | 15| 42 [ 13 [ 39 |12 |14 |04 | 2 | 06| 34 ] 10 4.1 30
slurry
Converter 26 | 38 |098[335| 87 | 45 | 12| 16 | 42 | 23 | 06 [ 094|024 172 | 45 | 127 | 33 | 2.28 26
slag
Copper-zinc | 14 | 2.4 [ 034|037 | 01 | 3.7 | 052|266 | 3.72 312 | 44 | 155] 22 | 140196 | 0.76 14
ore
Quartz flux 5 3 (015 718 | 36 | 36 | 018 | 1.07 5
Average 100 12.1 30.25 4.83 9.5 2.5 0.78 8 10.5 7.31 14.22 | 100
composition
Received:
Lead bullion | | 0.3 24.2 0.03 0.07 0.01 1.41 | 26
Il 1.2 93.1 0.12 0.27 0.05
1 2.3 86.1 1.5 9.5 0.2
Matte [ 12.27 3.25 0.67 4.1 0.27 0.11 6.18 1.21 494 | 33
Il 37.2 9.85 2.03 12.42 0.82 0.33 18.73 3.66
1T 95.0 11.6 12.4 31.5 135 15.0 91.0 10.1
Slag I 0.11 0.3 4.33 8.82 0.03 0.48 10.5 5.9 3.53 | 34
Il 0.31 0.83 12.0 25.9 0.08 1.33 30.8 16.4
1T 0.8 1.1 80.0 67.8 15 7.0 87.7 96.0
Dust [ 0.24 0.37 0.42 0.08 1.67 0.56 0.13 0.26 0.24 3.03 7
I 4.8 4.63 5.25 1.6 20.9 7.0 1.63 3.25 3.0
10 1.9 1.2 7.6 0.7 83.5 75.5 1.8 2.2 4.0
Total: 12.92 28.1 5.42 13.0 2.0 0.74 6.8 11.97 6.14 | 12.91 100




Appendix B

Metallurgical calculations: material and heat balance of mine
contractile melting of semi-products and circulating materials of lead
production (Corrected composition of the initial charge).

The rational composition of semi-products and circulating materials of the
process is calculated and the values are given in the tables. Charge copper slurries
of 30 %; converter slag 26 %; mixture CM — 44 %.

Table B.1 — Rational composition of copper slurry

Composition Cu Pb Zn S As Sb Other: Total
Cu,S 29 7.31 36.31
PbS 9.45 1.46 10.91
Pb 26.55 26.55
Zn 4 4
As 3.87 3.87
Sb 14 14
Other 16.96 16.96
Total 29 36 4 8.77 3.87 1.4 16.96 100
Table B.2 — Rational composition of copper-zinc ore

Composition Cu Pb Zn Fe S SiO, Other Total
CuFeS; 2.72 2.38 2.72 7.82
PbS 0.37 0.06 0.43
ZnS 3.35 1.65 3)
FeS 24.44 13.97 38.41
SiO; 14.7 14.7
Other 33.64 33.64
Total 2.72 0.37 3.35 26.82 18.4 14.7 33.64 100
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Table B.3 — Rational composition of poor matte

Composition | Cu Pb Zn Fe S As Sb O, Other | Total
Cu,S 6.36 1.59 7.95
Cu 14.49 14.49
Pbs 6.48 1 7.48
Pb 13.02 13.02
ZnS 114 5.61 17.01
FeS 5.08 |29 7.98
Fes04 10 3.81 13.81
FesAs; 1.23 1.1 2.33
FesSh; 0.39 0.56 0.95
Other 14.98 14.98
Total 20.85 | 195 114 |16.7 | 111 |11 0.56 |3.81 |14.98 100
Table B.4 — Rational composition of converter slag
Composition Cu Pb Zn Fe O, |As |Sb SiO, Other | Total
Cu,0 3.83 0.48 431
PbO*SiO, 33.5 2.59 9.7 45.79
ZnO*SiO, 4.54 1.12 4.19 9.85
As,05 1.23 |23 3.53
Sb,0s 0.31 0.94 1.25
2Fe0*SiO, 12 | 3.43 6.43 21.86
FesOy4 3 1.14 4.14
SiO, 1.34 1.34
Other 7.93 7.93
Total 383 | 335 |454 |15 | 103 |23 |[094 |2166 |7.93 100
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Table B.5— Rational composition of alkali alloy

Composition Cu Pb Zn As Sb O, Total
Cu,O 0.08 0.01 0.09
PbO 61.7 4.76 66.46
Zn0O 24.48 6.02 30.5
As,05 0.97 0.31 1.28
Sb,05 1.4 0.27 1.67
Total 0.08 61.7 24.48 0.97 14 11.37 100
Table B.6 — Rational composition of flux

Composition Pb SiO, 0, Other Total
PbO 0.62 0.05 0.67
SiO, 74.8 74.8
Other 24.53 24.53
Total 0.62 74.8 0.05 24.53 100

On the basis of the calculated rational compositions of the loaded
substances, the average composition of the initial charge of the mine contractile
melting, % by weight is established.: Cu —12.1; Pb — 30.25; Zn — 4.83; Fe — 9.5;
As—2.5;Sb-0.78; S—8; SiO, — 10.5; CaO — 7.31; others — 14.22.

Calculation of slag yield and composition

Table B.7 — Calculation of slag yield and composition

Composition | Cu | Pb Zn Fe As |Sb |S SiO, | CaO | Other | Total
Slag 0.31 | 0.83 | 120 | 259 | 0.08 | - 1.33 | 30.8 | 16.4 | 12.35 | 100
Quantity 011 | 0.3 | 433|882 |0.03 |- 0.48 | 105 | 59 | 353 34
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Calculation of the content of products

Table B.8-Dust quantity and content

Name Cu | Pb | Zn Fe | As | Sh CaO | SiO, | CaO | Other | Total

Dust 0.24 | 0.37 | 0.42 | 0.08 | 1.67 | 0.56 | 0.13 | 0.26 | 0.24 3.03 7

Composition | 0.54 | 1.0 {0.47 | 0.11 | 1.08 | 0.32 | 2.21 | 0.09 | 0.09 - 2.39 8
Table B.9 —Contents of matte

Name Cu | Pb | 2Zn | Fe | As | Sb S | SiO, | CaO | Other | Total

Matte 12.27 | 3.25 | 0.67 | 4.1 027 | 0.11 | 6.18 1.21 4.94 33

Content 372 [ 985 | 203 | 1242 [ 082 | 0.33 | 18.73 | 3.66 14.96 100
Table B.10 — Content of the lead bullion

Name Cu Pb Zn | Fe | As Sb S SiO, | CaO | Other | Total

Lead bullion 03 | 242 0.03 | 0.07 | 0.01 1.41 26

Content 115 | 93.08 0.12 | 027 | 0.04 542 | 100

As a result, we derive the material balance
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Table B.11- Material balance and distribution of metals between the products of mine contractile melting

Quantity,

Name t Cu Pb Zn As Sb

Loaded: I I ] I I "I I I Il | I Il | | Il
The mixture of CM 25 212 | 53 | 438 | 228 | 57 |1884| 88 | 2.2 | 4554 0.8 02 |796| 04 | 0.1 |12.82
Copper slurry 30 21 6.3 | 52.06 |45.3| 136 |4495| 5.0 | 1.5 | 31.05 3.9 12 (478 14 | 0.4 |51.28
Converter slag 26 3.8 |098| 809 [335| 8.7 |28.76| 45 | 12 | 2484 | 23 | 0.6 | 23.9|0.94|0.24 | 30.76
Total: 100 12.1| 100 30.25 | 100 483 | 100 2.51 | 100 0.78 | 100

Received:
Lead bullion 22 0.3 1.2 23 (242 931 | 86.1 — — — 003 |0.12| 15 |0.07|0.27| 95
Matte 30 1227|1372 | 950 [3.25| 985 | 116 | 0.67|2.03| 124 0.27 [ 082|135|0.11|0.33| 15.0
Slag 36 0.11 {031| 08 | 0.3 | 0.83 1.1 433|120 80.0 0.03 |0.08| 1.5 - - -
Dust 12 024 | 4.8 19 |0.37| 4.63 1.2 | 042 |5.25 7.6 1.67 |20.9|835|056| 7.0 | 755
Total: 100 12.1| 100 30.25 | 100 463 | 100 2.51 | 100 0.78 | 100

| - content ,%; Il - quantity, t; 111 - distribution, %
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The calculation of the heat balance of the mine contractile melting
Heat is supplied
The heat from the burning coke:

From burning CO, :

94052* 12.43/12=97412kJ
From burning CO:

26417%6.2/12=13648kJ
From burning H::

57798*0.03/2=866.97kJ
From burning S:

70960*10.3/32=22840.25kJ
From total fuel combustion:

que|=134767.22k.]

The physical heat of the charge

Qmix =1004 kJ
Physical heat of fuel
Quel =192 kJ
Physical air heat
Qair =879 kJ

After exothermic reactions:

Qex0o=68614 kJ

The total amount of heat:
134767.22 +1004+192+879+68614=205456.22kJ
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Heat consumption
The heat consumption of lead bullion:

Qlead bullion =8820 kJ
The flow of heat matte:

Qmatte=37221kJ

The heat consumption of slag:

Qs1ag=50638kJ
The flow of heat dust:

Ququst=2698 kJ

The heat consumption of gas:

Q,=52351k]

The flow of heat endothermic reactions

Qeng=52314 kJ
Water cooling:
Quw=5633 kJ

Loss out:

Q, =2035kJ
The consumption of the total amount of heat:

Q=205456.22kJ
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A summary heat balance of the process

Table B.12-Summary heat balance of the process

The arrival of the heat

Heat consumption

Fuel combustion

Generated heat of
endothermic reactions

The physical heat of
the charge

Physical heat of fuel

Physical air heat

Subtotal

134767,22 kJ

68614kJ

1004 kJ

192 kJ

879 kJ

205456,22 kJ

The heat consumption

of lead bullion:
The flow of heat
matte:

The heat consumption
of slag:

The flow of heat dust:

The heat consumption
of gas:

The flow of heat
endothermic reactions

Heat of cooling
caissons

Loss out:

Discrepancy

Subtotal

8820 kJ

37221 kJ

50638 kJ

2698 kJ

52351 kJ

52314 kJ

5633 kJ

2035 kJ

6253,78 kJ

205456,22 kJ
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Table B.13 —Consolidated material balance

Name Cu Pb Zn Fe | As Sb S SiO, CaO [ Other | Total:
Loaded:
%,t % t % t % t % t % t % t % t % t % t %,t %, t.
The mixture | 25 | 212 | 53 | 228 | 57 | 88 | 22 |148| 37 | 08 | 02 | 04 | 01 | 7.2 | 1.8 | 2.7 | 0.67 3 0.7 | 4.63 25
of the CM
Clopper 30 21 | 63 | 453|136 | 50 | 15 | 42 | 13 |39 | 12 | 14 | 04 2 06 | 34 1.0 4.1 30
slurry
Converter 26 | 38 | 098 |335| 87 | 45 | 12 16 | 42 | 23 | 0.6 | 094 | 0.24 172 | 45 | 127 | 3.3 | 2.28 26
slag
Copper-zinc | 14 | 24 | 034|037 | 01 | 3.7 | 052 | 26.6 | 3.72 312 | 44 | 1565 | 22 | 140|196 | 0.76 14
ore
Quartz flux 5 3 |0.15 718 | 36 | 3.6 | 0.18 | 1.07 5
Average 100 12,1 30,25 4,83 9,5 2,5 0,78 8 10,5 7,31 14,22 | 100
composition
Received:
Lead bullion I 0.3 24.2 0.03 0.07 0.01 1.41 26
I 1.2 93.1 0.12 0.27 0.05
i 2.3 86.1 15 9.5 0.2
Matte I 12.27 3.25 0.67 4.1 0.27 0.11 6.18 1.21 4,94 33
Il 37.2 9.85 2.03 12.42 0.82 0.33 18.73 3.66
I 95.0 11.6 12.4 315 135 15.0 91.0 10.1
Slag I 0.11 0.3 4.33 8.82 0.03 0.48 10.5 5.9 3.53 34
Il 0.31 0.83 12.0 25.9 0.08 1.33 30.8 16.4
i 0.8 1.1 80.0 67.8 1.5 7.0 87.7 96.0
Dust I 0.24 0.37 0.42 0.08 1.67 0.56 0.13 0.26 0.24 3.03 7
Il 4.8 4.63 5.25 1.6 20.9 7.0 1.63 3.25 3.0
i 1.9 1.2 7.6 0.7 83.5 75.5 1.8 2.2 4.0
Total: 12,92 28,1 5,42 13,0 2,0 0,74 6,8 11,97 6,14 | 12,91 100
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WAYS OF IMPROVING THE TECHNOLOGY OF PROCESSING OF SEAMI-PRODUCTS AND
EECYCLING AMATERIALS OF THE LEAD PRODUCTION

Absiract. Cm the basi= of comman positions of techralogical caloulations the principal possibility of u=ing two
zone Vammkor's firmace for proces:ng of semi-products and coroelating matenals with sulfide lead concenirate complsg
in chemical and phaze compesiton is shonm [t iz showmn thet the choice of the stnochmre and compositen of the imitial
charge iz of graat impaortance in the orgamization of the process.

The oitzired results were =ed to optimizs the conposition of the indtial charge and the techmalogical parametes:
of the emsting teckmology of mine confractils melting in order fo improve it

Eeywords: copper, lead, autogenous melting, material balance, thermal balancs,

Introduction

Dne to @ mmber of objective reasons related to the phyzical and chemical properties of lead and it
campoumds, the introduction of autozenons processes in the produoction of lead is sipnificantty lageed behind
in comparizon with their use in the production of copper [1-3]. However, a sufficient munber of divect lead
praduction processes from primary lead sulfids concentrats have besn developed [4-6]. Hardwars desizn of
the processes mmplementad in the industry, allows you to wse them for processing of various types and typss
of raw materials. Lead production in the world practice going in the direction of development of two varizamts:
smelting to matte, which iz characteristic for a complex thermedynamic system matte — slag — rongh lead and
slag — rough lead. The choice of the proceszing scheme depends on the specific conditions and iz determined
Ty the technological capabilities of each mdividual enterprize, With a low content of lead in sulfids raw mate-
rizls and am incressad comtant of copper in it it is preferable to conduct melting on matte. Howevar, the expe-
rience of lead plamts shows that most of them work under the second scheme — with the production of rough
lead and lead-rich zlag, which requires forther recovery operations to extract lead.

The chart analysiz of phase s:zociations of the system Ph — 5 — (0 in the coordinztes LzPo: and LePa:
charactaristic of autogenous melting of lead [7], shows
the prasence of only a small, narrow arsa of direct obtzin-  kePs,

ing of lead (Fiz 1). The results of theoretical studies ara _T_'_' ., T T—— )
fully suppaortad by the development of various processes L lome —— .~y
of lead production. These cisoum stances are proof that e T )
the production of lead is still the classical scheme of ag- 11— | o !’?"‘..-'-‘T'I
Elomeration — mine smelting recovery will remain dami- | . [ T e s RSO
mant . Wi M, ra
S e g
3 ” i
i - e i D
4 il s T
J al
Fiz. 1. Schematic represemtation of different processes - —
in the dizeram af Po— 5 - 0 at T=1473 K- T o Mies mlting |
1 Cpo=; I Cue=0,1; I - Cono=0,05; e L
1-Poe=1; 2 = Peo=0,1; Peo=001 {Prz, P, Pa) ' il
The zkeded area iz the direct prodocton of Lead. -u':.:hi:l‘-:

An important iszns in the production of lead was
to find the optimal solutions for the processing of semi-products and recycling materials received along the
way in obtaiming lead and zinc (copper shories, Converter slag, lead shidze, copper-lead mattes. etc). The
splution of the problam is complicated by the fact that associated substandard sermi-products are characterized
by complex chesmics] and phase composition. The presence of significant concentrations of metals in them-
imparities (As, Bh, Cd, etc) have a significant negative impact not only on the exviromment, bat alse signifi-
cantly affect the distmintion of base metals between the melting products i the direction of deterioration
reducing the guality of the final products. Thus, the results of our earlier studies [8,9] on the distribution of
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metals in the processing of semi-prodocts and circulating materizls of lead production in the conditions of
mins contractila smelting LLE "Eazzinc” show that the exraction of copper and lead in the tarzst prodocts
remazin &t 2 low level and are ~80-33% and 45-55%, rezpectively. Due to the lack of alternatives, the oorrent
technology remains as 2 necessary measure of the processing of these ntermedizte products and recycling
materials

In this perspactive, It seems nabaral guestion: Why not use high-parformance antogenon: proceszes for
the proceszing of these matarizlsT The use of antogenon: melting could be one of the most mpartant ways to
address thiz izzus and 3 siznificant reserve for improving technological mdicstors of production. The main
reason for inhibiting the inrodoction of sutogemous processes is the practical abzence in the solentific ltsratars
of experimental results on eguilibrinm in & complex gystem Fe — 5 — 0 — Me (wheare: hle — Cu, Ph, Zn). At the
pres=nt time remazing comfroverzizl alzo the mechanizm of coidation of sulfdes. Mevertheless, & sufficiently
camplete smdy of ron mulfide cotdation, which determines the first stage of sutozenons processss and comver-
ziom of any matte, allows u= to cary out & gualitative and quantitative asseszmeant of the e of autogenons
malting for proceszing the mitizl charge, consisting of semi-products and circnlating rmaterials of lead-zine
production.

In the present work, the General theoretical and technologics]l perspactive, considar the possibility of
using the Vamyokov's Process for proceszing the semi-produacts of lead production copper shorriss, the poor
copper-lead mattes, in conjunction with the sulfids lead concentrate.

Rezearch methods

The dztz an thermodinamic equilibrivm of Stein — slag system — zas phaze and rough lead — zlzg are
widely nzed in the work. Evaluztion of the possibility of joint processing of semi-products of lead prodoction
{copper slurmies, the poor copper-lead mattes) sulfide lead concentrate 1= camied out on the basis of the caloe-
lation of materiz]l balance of two zone Vamukow fomace using a specizlly developed program.

The composition srocture of the izl charge i= selected based on melting on matts to prodoce lead-
rich slag in the oxidizing zone of the Vamyukov's fumace Exraction of lead from zlag is provided in the
recovery zone of the fomace.

Compositions of components of initial charge are accepted according to factory practice of LLP
“Eazrine' (table 1)

Tzble 1. Chemical composition of the components of the initial charge

Chemical composibon, % wi
Namea of products
o B In i Fe By
Copper slickers 13,0 350 4.0 e - -
Lz2d concentrate L7 413 3l 18,0 15,3 14
Copper gold-contaiming concenirate 40 2.7 5.8 0 3.7 66,0
Lead dust a1 336 o8 14,2 0 0.7

Calonlation of the thermal balance of the process was a waditonal task and was reduced to establizhing
3 hest deficit in order to determine the optimal fiuel consumption {cozl) and redocing agent (carbon) reguired
for malting As fizel and reductant used cozl of Shubarkul daposit of the following composigon, %: 87.3; 11,5
other.
In was wzed as 2 flox silica flox compesiton, % Fe 3.3; 75,0 5102; Cal 5,0; 16,5 — other.
The composition of the slag melting, %6 wt.: 0,19 Cu; Fb 42,97, of 926 Fa; 7,20 Zn; of 15.09 50, Cal
0.14; 7,76 O; ather of 17.38.
Mlelting temperanme 1s 1300°C.
The calonlarions nsed the blast iz enriched with oxyEen.
The number of forms in the oxidation zone of masnetite was detenmined sccarding to the state disgram
of the sysiem Fel-Fe:0:-510: on the baszis of Fe( Fe:ly=4 and the comtant of silica in the =laz [10].
Rewnlts and dizcuszion
The schamatic diagram of the proposad technology for processing semi-products and recycled mate-
rizls of lead production is presented in Fiz 2
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Charge
{Copper slurries, lead concentrate,
gold copper concentrate, lead dust

l

Air . Two-zone Ciaal
. Vanyukov's fornace Shubarkolzky
I (C=BT7.3%)
Lead ballion Copper-lead matte Slag Dust, zas
[Cu-0,27%; Pb-3,83%) {Cu-31.1%; Pb-15,6%) (Cn-0,14%; Pb-1,63%)
Refining To extract lead with Fuming Proceszing
further conversion

Fiz 1. Schematic diazram of the processing of sami-products
and recycling materials of the lead production

The structure of the initial charge composition is shown in Fiz 3.

Initial charge

o 10 L

= Copper slip
= LEpd concEntrate

Copper gold<corimining oancentrate

= Liamd gust

Fig.3. Composition of the mitial chargs

The choice of composition of the companents of the mitial charge is chosen so that under conditions
of pxidizing annosphare to prevent the flow of melting reaction between the sulfide and oxide of lead. This iz
achiaved by zalacting the optimal ratio between the composition of the initial charge and the flow rate of the
blast enriched with oxyvgen reguired for the oxidation of & ziven amomt of on sulfids. et the degres of
earichmment of blast air with oxygen provides the minirmmn outpat l2ad of the sublimates and the neces=ity of
a ziven level of desulfirization. Conswnption of added flux pramotes binding prodoced minor amounts of lzad
oeride and minc silicate chesmical resistant connection that prevents the leakage of the malting reaction betwesn
the znlfide and oxide of lead.

The products of melting of the cidizing zone are copper-lead matte znd slag rich in lead

Copper-lead matta contains up to 15% lead and can be processed according to the existing conversiom
technolozy to obtain rough copper. The existing practice of copper-lead matte processing shows that the con-
version process is accompaniad by 2 large vield of lead dust, which, 2= 2 negotizble material, leads to signifi-
cant losses of lead between the products of azzlomerating firing and mine smelting. The soarce of loszes of
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haze metals 13 zlwo comverter slag with a high content of copper and lead (up to 3% and 23%, respectively],
which iz sent to mine contractile meltimg for their exctraction. Bazad om this, in gur opinion, the most appropriate
iz the organization of separate, independent proceszing of coppar-lead matte obtained in a ssparate fimmace for
the purpose of additions] extraction of lead from the matte to lead roughing. This approach will improve lead
recovery and siznificantly improve the quality of copper marte with the exception of all shortcomings inherent
in the existing technology. Char preliminary ressarch experiments on the extraction of lead from matte i vari-
ous waEys have shown good results and will be published in the scientific literature in the near firtore.

The zlag obtzined in the codizing zone of the fumsece contaims up to 42.97% of lead =nd iz zenf to the
reduction zone to extract lead to rough lead. The content of lead in draft the lead iz 95,83%. The minimmmm
content of impurity metals (Cu, As, 5b) will significantly reduce the load on fiwther refining operations of
rangh lead. Obtzined after the restoration of slag is suitahle for wse for it intended porposs — for the production
of building materials or an.

The materizl balance of the fluxes of the crxidizing zane of the fimmace 1= shoam in Fizg.4.

Source products Products received
0,04%
%
51,6% 0,4%
B Matte Slag
2,95 3,6% B Dust B Waste pases
B Charge W Quartz = Coal Blowing B Dizcrepancy

Fig 4. Material balance of the flows of the cpadizing zons of the Vamyukov's furmace

It is easy to see that the Stem output is 11,63% at the selected process arganization. At the optimal level
of oxidztion of iron sulfide, preventing the formation of lead metsl copper content in matte i= 32,09%. The
exiraction of copper in the matte reaches 87 3%

The compositions of the obtamed products of the oridizing and reducing zone are pressntad in table 2,
3, respaciively.

Takle 2. Chemical composition of product: obtained in the oxidizing zone

. Chemical composition, %% wt.
Froducts Quantity, t Ce | Pv | F= | 2o | & | a0 | S0 | Omer
Mans 15,0 321 | 251 | 154 | 65 | 211
Slaz 7.4 EEIETEEERE 02 | 140 | 181
Dt 1.0 26 | 304 | 100 | 54 [ 208 [oa | 22 | 1z
Waste zas 1295 17 02 | 112
In total 2119

Table 3. Chemical composition of products obtained in the recovery zone

) Chemical composition, % wt.
Froducts Gt T m [ F: | & | § | G0 | S0- | oB=
Lead bullion 28,7 0.1 33l 14 287 0.1
Slasz 33,3 0.1 0,7 58 0,1 138 13,7 355 007
Waste g2 13,1 1,1 03 13,1
In total: Tra
Kas¥T3¥ xabapmnicss N:5 2018 109

100



Continuation of appendix C

= TexHHYECKEHE HAYKH

Fezults calenlstion of the heat balance of the oxidizing and reducing zome of the Vamyukow s furnace
iz presamted in Table 4, 5, respactively.

Tzble 4. Thermal balance of the oxidizing zone

The arrival of the heat Heat consumption

Articles coming kT 15 Item of expenditure kT B

The heat of the charzs 10042 04 Heat Stem 244053 23

Warm air 12 10 | Theheat of slag 0032, 1 164
The heat of oxidiion reaction - -

of 1 1177020 447 ) .

The heat of cambustion of coal | 134308 4 510 | Heatgass: 1430325 H3
The heat of sl2g formation 51550 o

In total 2634708 100 In total: 2634707 100

Tahlz 5. Heat balance of the recovery zone

The arrival of the hest Heat comsmmption
Articles coming kT [T Item of expenditure LT L
The heat of slaz T8686,21 | 70,37 | Draft lead beat 346626 | 307
Wam air 436,0711 039 Tha heat of slag 06065 | 44.7R
The heat of combustion of coal I1545 05 2439 Heat pasaz 18113 54 587
The heat of sl2g formation 55007 | 465 Erf.sﬁ absorbed by the | gagmnea | 2528
In total- 1119241 100 In total- 1110241 10@

From the results table 4 it follows that the salectad process mode and the specified parameters ensars
3 stzble operation of the Vamyokay = firmace. The main share of hest coming wp to 435, 0% of the heat generated
from oxidation of oon sulfide. The hest deficit resulting from the incomplets coodstion of solfide of mon, iz
covered with downloading the additons] gquantity of fusl (coal). At the zame time, the required cozl consnomp-
tion i= estimated to be msiznificant and amoants o ~33.

To mzintzin the heat balance of the fimace recovery zone, 27543,9 kT (~.23%) of the heat deficit most
be coverad (table 5. The established deficit of heat without poach effort and costs is blocked by additional
buming of coal.

Of zrast interast from the point of view of practice is the eveluation of the diztriboton of bazs non-
ferrons metsls betwesn smelting products. In Fig.5 shows the distribution of copper, lead and zinc between the
mealting products of the oxidation and reduction zons.

1030 100
£ 80
L] L]
40 an
13 i I
a — . — o
Cu PE In Cu PE Zni
M iiatte W Sag W Duat, geiad B Aough lead B Sieg 0 Dust, gases
A) Ej
Fiz.5. The distritution of Cu, P, Zn :melting between products:
A} tothe oxidation zane; B) rehabilitaiion area
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It i3 easzy to see that the oxidizing mone achieves a hizh copper distribotion to ~08% in Stein, with i=
slight wansition to slag and dost (1,5% and 1,0%, respectively).

High exfraction of copper in the matte provides a sufficiently hizh quality of rongh lead: the copper
content in the rough lead is mirameal and 15— 0,27 %. The coatent of lead in the rongh lead reaches ~ 96, 0%

The totzl balance of material flows of processing of semi-products and ciroolating materizls in con-
junction with the matte Vammubow's fumace shoam in Fig 6.

Source products Products received
2,6% %
521 0,4%
\ = Rough lead fiatte
2,7% 3,3% = Slag = [ust
= Charge ® Quartz = Coal = Bowling ® Waste gzzes ® Discrepancy

Fiz fi. The overall material balancs the streams of the Vanyukev s furmace m the processing of semi-products
and recycling material: of the lead production together
with the sulfide lead concenfate

The final diztmimshion of non-fermous metals betwesn the fusion products 13 shoan m Fiz 7.

1009

204
&04
200
Fiuf]
os [ | ]

Roiagh lmad Felmkbe Hag Dust, gases

HCu MPE BZn

Fiz.7. Distmbution of pon-faron: metals between smelting product:

Tha results obtained show a high recovery of copper matte and lead roughing lead. In this case zinc is
mamly concentrated m slag and can be extracted without moch effort and materizl costs by kmown methods,
for exmample firming process. Implementation of the propozed technology in practice will ensure hizh =ff-
ciency of phyzical and chemical interactions betweean the componants of the charge, elimmation of the use of
expenzive colke reducing zgant, as well 2z significantly improve the guality of the products. Saparate inde-
peadent processing of copper-lead marte will allowr to achieve deep extraction of lead from matte and zet nich
[ap to 50%:) on the comtent of copper matts. Further proceszing of these rods will significantly redoce the
materizl costs of the comversion process and losses of copper and lezd, arizing from their circulation in the
malting-corversion chain,

Summary:

1. Om the basiz of common positions of technological caloulations the principal possibility of using two
zone Vamukew s fumace for processing of semi-products and ciroulating materials with sulfide lead concen-
trate complex in chermcal and phase composition is shown. It s shoam that the choice of the structure and
composition of the ratiz] charge is of great mportance in the organization of the process.
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2. The uze of 2 towo-zone Varnukew's firnzce allows to achievs salactive separation of copper and lead
imto target produact: and to ensures their high extraction into 5tein and rough lead, respectively.

3. The obtzimed resultz will be uzed to select the aptitnal composition of the initizl charge determins the
optimal proces: paramaters in order to improve the existine technolozy of mine contractile melting, i rel=tion
to the conditions of LLP "Eazzinc”.
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Joeonmeuezes HE, HoamcsaB EE, Jzvmersasoe T.C.,
Ea.mﬁzﬂn‘ A, Kapuascesros ME., Mongagaesa T 50
MaTepEa 1TapIEl KAETE SEIEY TETHOANTERCEIE HETLTIPY S0 ATapE
. EANIE TEREQTOFREIED, SCEITEIED Herizige e ainaETel Bamonos Demmisge KEMECOILE, SaBEs
feEnanRE EypeEL E:rn:m:un EYPIeTl EADTHIRHE SERTED MeH HHATMATS MATEPHATIAPIE CEHST] BOpFacsH Eos-
DEETpATENMEE Sipre KIETE 8HIEYZe ENTIEEY MyMEIHTIr Bepoetingl. Tpomect icke arkIpy meifEfe GACTAMDER! NHETA
EEPAME] MEE EYTEIEICEE TRHAAY YIRS MIEDS Be SRSSIri ESPCerimres.
EOumICTA ATMHE AN HETECKBTSD SACTAMER! KT EYPALEE OIITHMATIAYF ZHEe IIANTATHE IRCEADTE S2IERTY
TEEEHOIOTHECEHE TEXENI0T HETE, MADIMSTRIS0IH He TSIy MAEC2THHIA E0TAHEIIIE
Einr cazgep: MEIC. EOPFACRE, AETOCSET] GANEEITY, MATEIEANTLE, SATAEC, JEEITY GATARL.

Tooomeuezes HE, Hogmacsaz EE., Jaymersasee T.C.,
Bamrsmseesa ¥V A Eypuasceiros ME. Mommaszesa T35
TI¥TE CoESpINeSITEOEAHENR TEXENI0TEE DepepafoTHE DO IVOpoIVETOE E ¢OopOTERL METEPEATOE CEEEND-
EOT0 OpOEIENCTE
Peamare. Ha 0CHOEAHME (ST T0ZHIEH TERE0A0TEMECIIE PACYSTOE IIOEASAER NP HETETHATEEAY EOZMIEEHICTS
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