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PROSPECTS FOR THE RATIONAL USE OF SECONDARY RESOURCES
IN THE FORM OF TECHNOGENIC SLAG WASTES

Abstract: the article presents the analysis and results of scientific research of technogenic slag waste
of lead production. After the closure and liquidation of the plant, the remaining waste, in the form of slags, is
a source of environmental pollution of the soil, groundwater and air. Lead production slags contain a large
number of toxic compounds, such as lead, zinc, osmium, cadmium, which are dangerous sources of
environmental pollution. Utilization of technogenic slag waste is of great importance for reducing the negative
impact on the safety of life and improving the environmental situation of the region. At the same time, slags
are a valuable raw material containing compounds of non-ferrous and rare earth metals.

The article shows the results of laboratory studies of slags to determine the qualitative and quantitative
composition of valuable components in the waste of lead production and the possibility of their further
processing and disposal. Studies of the material of the heavy slag fraction were carried out on an electron probe
microanalyzer of the JEOL 1)XA-8230 Electron Probe microanalyzer brand. X-ray diffractometric analysis of
the average slag sample was performed on a DRON-4 diffractometer with Cu radiation, graphite
monochromator. Samples were selected heavy fraction and manufactured artificial polished sections
(briquettes). The sections were studied under the microscope of the brand LEICA DM 2500P and immersion
in liquids.

According to the results of research, it was found that lead slags contain a sufficiently high amount of
non-ferrous metal compounds: lead oxide up to 0.7 % and zinc oxide up to 8.5 % of the weight amount of slag,
which makes the process of recycling toxic waste from lead production technically and economically feasible.

Key words: technogenic waste, secondary raw materials, non-ferrous metals, industrial waste
disposal, low-waste and non-waste technologies.

Introduction. An important area of
environmental protection in metallurgy is the
introduction of waste-free technologies and
technologies for the integrated use of raw materials.
This ensures the enrichment of ores, the rational
completeness of the extraction of the main and
related elements, and the disposal of production
waste without harming the environment.

Due to various economic reasons, the
Shymkent lead Plant was finally shut down in 2011.
But nevertheless, the environmental situation of the
city is still negatively affected by the accumulated
waste in the form of slags in the amount of
approximately 2 million tons, which is stored in
open storage under the influence of sunlight, air
oxygen and atmospheric precipitation [1-4]. Lead
plant slags are an important raw material containing
various non-ferrous metals, and currently non-

ferrous metals obtained from secondary raw
materials play an important role in the overall
balance of production and consumption of non-
ferrous metals in the Republic of Kazakhstan: their
share in relation to the total production of non-
ferrous metals is about 25%. For example,
according to the authors [5-8], lead has a high
economic value and the scope of use of lead has
changed in recent years, and now approximately
80% of global consumption is accounted for by the
sector of production of electric batteries. The
pliability, density and anti-corrosion properties of
lead are still actively used in the construction of
tanks for storing caustic liquids and as protection
against X-rays and radiation. Lead is used in the
manufacture of paints and pigments and other
chemical compounds. Lead-acid batteries are used
in cars. The reason for the widespread use of lead in
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batteries in automotive and industrial engineering is
that lead is able to provide a large amount of
electricity for a short period of time, which is
necessary to power the vehicle's starter motor [9-
10].

Batteries are also used to provide current, to
drive heavier vehicles such as diesel or electric
locomotives and submarines, and as a source of
spare energy in installations with critical functions
such as telecommunications facilities and hospitals.
Lead has the highest utilization rate in secondary
processing of all metals. Lead is used in the
chemical industry, as a component in the production
of reagents and paints, as well as in the IT sector,
where the metal is used as solders and additives.
Due to its unigque physical and chemical properties,
lead has found a place in the production of various
engineering products, such as protective coatings
for buildings and structures. High corrosion
resistance of the metal, durability and ease of use
are the main advantages when using it), as well as
for use in medical devices for protection against
gamma radiation, in the production of X-ray and
spectrographic equipment. Lead is a part of bronzes,
brasses, babbits, and typographic alloys [11-13].

Another non-ferrous metal proposed for
extraction in the process of recycling lead
production slags is zinc. Zinc is used for galvanizing
metal products, in order to give them anti-corrosion
properties, and in this regard, the demand for zinc
remains high, due to the rapid growth in the
production of anti-corrosion coatings. Zinc is also
used in the production of alloys (brass, nickel
silver), printing materials. Zinc compounds are also
used in the production of pigments for paints, the
production of rubber, glass and glaze. Another

important field of application is in the composition
of neutralizing cosmetic pastes and pharmaceutical
preparations [14].

Thus, the most economical and effective
method to reduce the negative impact of dumps on
the ecological situation of the city is its further
processing. Even after the extraction of non-ferrous
metals, slags can be used in the production of
cement and building materials, since slags of lead
production contain up to 75-85% iron, calcium, and
silicon oxides [15].

Problem statement. The research object is
lead-containing slag dumps from the lead plant,
which are production costs. To determine the
methods of disposal and processing of lead slags for
extraction of zinc oxide, lead oxide, there is a
number of scientific works based on the need to
determine the chemical composition and
quantitative content of non-ferrous metals and other
compounds. The main goal of the research is to
create a highly efficient technology for processing
the lead production slags, which allows to involve
the lead production slag wastes in processing as
secondary resources. This, in turn, will allow to
rationally use natural resources and reduce the area
occupied by the wastes.

Preliminary data on the lead production slag
obtained in the production cycle showed that the
lead production wastes are smelter slags. The
particles of lead-containing slags are in the form of
irregular granules, the material density in the loose
body is 2 t/m?, the angle of repose is approximately
35°, the particle size mainly ranges from 2-6 mm,
and there is a small number of particles of about 10
mm. The chemical composition of lead production
slag is shown in Table 1.

Table 1 - Chemical composition of lead production slag

Pb
3742

Components
Content in % 2,5

To determine the chemical composition of
the lead production slags, we performed spectral, X-
ray phase, thermal and chemical analyzes. The
studies were carried out at Institute of Metallurgy
and Ore Beneficiation of the National Academy of
Sciences of the Republic of Kazakhstan, Almaty,
and at K.I. Satpayev Institute of Geological
Sciences.

The study of the material composition was
carried out on bulk slag material, externally black,
with the particle size of 2 to 6 mm. A heavy fraction
was isolated from the sample, according to which
artificial polished sections (briquettes) were made.
The polished sections were examined under LEICA
DM 2500P microscope. Along with this, the sample
was studied under a microscope in immersion

Cu S
3,225

FeO
14+16

CaO
5+6

Zn0O
up tol10

SiO;
8+10

liquids, and as a result, samples were selected for
further research.

X-ray diffractometric analysis of the slag
samples was carried out on DRON-4 diffractometer
with  Cu-radiation, graphite monochromator.
Conditions for recording diffraction patterns:
U=35kV; I=20mA,; scale: 2000 imp; time constant
2s; shooting theta — 2 theta; detector 2 deg/min.
Semiquantitative analysis was carried out on the
basis of diffraction patterns of the powder sample
using the method of equal weights and artificial
mixtures. The quantitative ratios of the crystalline
phases were determined. The diffraction patterns
were interpreted using ASTM Powder diffraction
file and diffraction patterns of minerals free of
impurities. The contents were calculated for the
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main phases. Possible impurities, the identification
of which cannot be unambiguous due to low
contents and the presence of only 1-2 diffraction

reflections or poor crystallization, are indicated in
Table 2.

Table 2 — The results of the semiquantitative atomic emission spectral analysis of the slag’s

technological sample

Elements Content of Elements Content of elements, %
elements, %
1 2 3 4
Gold <0.0002 Silver 0.001
Silicon >>1.0 Magnesium >1.0
Aluminum >1.0 Calcium >1.0
Copper 0.3 Rhenium <0.0003
Nickel 0.0025 Chromium 0.015
Antimony <0.002 Cobalt 0.005
Arsenic <0.01 Molybdenum 0.01
Iron >>1.0 Strontium 0.1
Manganese 0.2 Tellurium <0.003
Titanium 0.3 Lanthanum 0.002
Zinc >1.0 Bismuth 0.0005
Potassium <1.0 Beryllium 0.0003
Sodium >1.0 Zircon 0.01
Tin 0.001 Ytterbium 0.0002
Barium 0.3 Yttrium 0.003
Scandium 0.0005 Antimony 0.07
Vanadium 0.007 Cerium 0.005
Wolfram 0.005 Gallium 0.002
Germanium 0.001 Thallium <0.0005
Cadmium <0.0005 Lead 0.1
Iridium <0.001 Niobium <0.001
Arsenic <0.01 Mercury <0,003
Platinum <0.001 Palladium <0.0002
Rhodium <0.0005 Ruthenium <0.001

As follows from the data of X-ray
diffractometric analysis presented in Table 2, the
slag samples are represented by amorphous phases
of composition close to crystalline phases of natural
origin, namely fayalite, wollastonite, zinc oxide and
iron oxide. In an immersion preparation in

transmitted light under a microscope, all these
phases are externally black and amorphous,
however no crystalline formations are observed.

The results of interplanar distances and phase
composition of the slag sample are presented in
Table 3.

Table 3 — The interplanar distances and phase composition of the slag sample

Slag sample
d, A | % Phase
2.47214 93.8 Iron Oxide, Fayalite, Zinc Oxide, Calcium Silicate
2.13854 100.0 Iron Oxide, Zinc Oxide

All presented diffraction peaks shown in
Table 3 belong only to the above phases. The
characteristic diffraction reflections are noted,
which allow to identify the phases present.

The results of the semiquantitative X-ray
phase analysis of the crystalline phases are shown
in Table 4.
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Table 4 — The results of the semiquantitative X-ray phase analysis of the crystalline phases

Mineral phase Chemical formula Content, %
Iron Oxide Feo.0420 415
Fayalite, syn Fe, (Si0,) 354
Calcium Silicate CaSiO, 17.2
Zinc Oxide 6.0

The analysis of Table 3 shows that the slag
sample is based on an amorphous substance with the
listed crystalline phases with superimposed
reflections.

When examining the sample in the polished
briquette in the reflected light, shown in Figure 1, it
was revealed that the slag sample consists of an
amorphous matrix with numerous inclusions of
heterogeneous copper mineral phases, which
externally resemble natural copper sulfide minerals
such as chalcopyrite and even native copper. They
often have a rounded isometric outline and a light
yellow color, typical of chalcopyrite.

In order to identify industrially valuable slag
minerals, studies of the material of the heavy slag
fraction were carried out on an electron probe
microanalyzer. To do this, the surface of the
polished briquette was carefully scanned, which
allowed us to detect copper mineral phases in the
sample, as well as the accompanying artificial lead-
zinc  mineral formations and study their
composition. The research was carried out on a
modern electronic microanalyzer brand JEOL IXA-
8230 Electron Probe microanalyzer.

Conclusion. Current trends in global economic
development show that non-ferrous metals obtained
from secondary raw materials play an important role
in the overall balance of production and
consumption.

The results of spectral, X-ray phase, electron-
probe and chemical analyses showed that the slag of
lead production has a sufficiently high number of
non-ferrous metal compounds: the content of lead
oxide up to 2 %, zinc oxide up to 17 % and copper
oxide up to 1.25 % of the total weight of the sample.
The qualitative composition and content of non-
ferrous metals of lead slags makes it possible to
make the process of disposal of toxic waste of lead
production technically and economically feasible.

By scanning the heavy fraction of the slag
sample on an electron probe microanalyzer, the
following useful components were identified:
copper in the form of sulfides, complex compounds
of lead, zinc, iron and copper oxides, which are
found as inclusions in an amorphous host matrix of
complex composition.

The results of preliminary tests allow us to
choose a technology for more complete and
selective extraction of lead and zinc oxides from the
slag waste of lead production. When using a
selective method for extracting non-ferrous metals,
it is expected to improve the ecological state of the
environment and reduce the negative impact on
human health due to the disposal of toxic slags from
lead production. At the same time, a significant
contribution is made to the development of the
system of rational use of natural and secondary
resources.
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TEXHOTEHIK KO KAJIJIBIKTAPBI TYPIHJETT KAUTAJIAMA PECYPCTAP/bI
YTBIM/IbI AWIAJIAHY NEPCHEKTHUBAJIAPBI

AHHOTAUMS: MaKamana KOPFACBIH OHIPICIHIH TEXHOTCHII KOX KAIIBIKTAPBIH FBUIBIMH 3EpPTTCY
HOTHKEJIepl MEH TaJijaybl OepiireH. 3aybIT )KaOblIFAHHAH JKOHE XKOWBUIFAHHAH KEHIH KaJIFaH KaJJIBIKTap KOXK
TYPIH/E TOTBIPAKTHIH, JKEP aCThl CYJIApPBIHBIH JKOHE ayaHBIH AKOJIOTHSUIIBIK JacTaHy Ke3i OOIBIT TaObLIaIbI.
KopraceiH eHaipiciHIH IITAKTapBIHIA SKOJIOTHSIIBIK JIACTAHYABIH KAaYilTi K©3i OOJBIT TaOBIIATRIH KOPFACHIH,
MBIPBIII, OCMUM, KaIMUH CUSKTBI KONITETEH YJIbl KOChUIbICTAp 0ap. TeXHOTreH Al KOX KaJJbIKTaphIH Maiiiara
aceIpy aliMaKTBIH KOJOTHSUIIBIK JKaFJaibIH JKaKcapTy *oHE eMip TIpIIUNriHIH Kayilci3airine Tepic acepin
TOMEHJIETY YIIiH YIKeH MaHbI3Fa ue. COHBIMEH Katap, IUTAKTap TYCTI )KOHE CUPEK Ke3JIeCETiH MeTalapIblH
KOCBUTBICTaphl 0ap KYHIBI ITHKI3aT OOJIBIT TaObLTA B,

Makanasia KOpFachlH OHJIPICiHIH KaJIIbIKTapbIHIAFbl KYH/Ibl KOMIIOHCHTTEP IIH CalajblK XKOHE CaHJIbIK
KYpaMbIH aHBIKTay OOMBIHINA KOKIApIbl 3€PTXaHATBIK 3ePTTEy HOTHXKeIepi )KoHEe OJapAbl 9pi Kapal eHAey
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MeH Kojiere »kapary MyMkiHfiri kepcerinren. JEOL IXA-8230 Electron Probe microanalyzer mapkaib
JIEKTPOH/IBI-30HATHl MUKPOAHAIN3aTOPAA KOXK/IBIH ayblp (paKLUUsCHIHBIH MaTEPUANIbIH 3€PTTEY XKYPri3iiml.
KoxnpiH opramia chIHaMachIHBIH PEHTI€HOAW(PAKTOMETPUSIIBIK Taljgaybl cu-coyneneHyi 6ap /IPOH-4
mudpaxToMeTpinze, rpaduTTi MOHOXpoMaTopaa opbiHnanFaH. ChlHaManapiad aybslp Qpakuusuiap OesiHiI,
KBUITBIPATHUTFaH JKacaH bl annudTep (Opukerrep) xacanapl. AHmmdrep LEICA DM 2500 p MmapkachiHBIH
MUKPOCKOITBIMEH KOHE IMMEPCHSUIBIK CYHBIKTBIKTAPMEH 3€PTTEIII.

3epTTey HoTMXKesepi OOWBIHIIIA KOPFACKIH KOXKAAphIHIA TYCTI METangap KOCHUIBICTAPBIHBIH JKETKLTIKTI
JKOFaphl MeJIIepi 0ap eKeH Iiri aHBIKTaIbl: KOpFachiH okcui 0,7%-Fa AeiiH KoHEe MBIPBIII OKCUII KOXKIBIH
CaIIMakThIK MemepiHiH 8,5%-Ha nmeiiH, Oy KOpPFAachlH OHIIPICIHIH YIbl KaJIIBIKTAPBIH KSJETe Kapary
MIPOIIECIH TEXHUKAIBIK JKOHE DKOHOMHUKAJBIK TYPFBIIAH OPBIHIBI €TyTe MYMKIHJIIK Oepei.

Tyiiin ce3aep: TeXHOTeHIIK KaJABIKTap, KalTalama IINKi3aT, TYCTI MeTanjgap, eHAIpic KalAbIKTapblH
KQJIeTe yKapaTy, a3 KalIbIKThI )KOHE KaJIABIKChI3 TEXHOJIOTUSIIAP.

Barosa3.", ’Kanracos K.}, Bexrypeesa I'.}, 3axuesna I'.}, Canapraiuesa B.
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HEPCIIEKTUBbI PAITUOHAJIBHOI'O UCITIOJIB30BAHUS BTOPUYHBIX PECYPCOB
B BUJE TEXHOT'EHHBIX HIJTAKOBBIX OTXOA10B

AHHOTaNMSA: B CTaThe MPEACTABICHBI aHAN3 U PE3YJIbTAaThl HAYYHBIX UCCIEAOBAHUN TEXHOTEHHBIX
[IUIAKOBBIX OTXOJOB CBHHIIOBOTO MpPOM3BOACTBa. [locie 3akpbITHd M JUKBUIAIMK 3aBOJA, OCTABILHECS
OTXOABI B BHJE LUIAKOB SIBJISIOTCS MCTOYHMKOM 3KOJIOTHYECKOTO 3arpsi3HEHUS MOYBBI, TPYHTOBBIX BOX U
Bo3ayxa. lllnaku cBUHIIOBOTO MPOU3BOCTBA COEPKAT OOJIBIIOE KOJTMYECTBO TOKCHUHBIX COEIMHEHNH, TAKHX
KaK CBUHEL, IMHK, OCMH, KaJMHUH, KOTOpBHIE SIBIAIOTCS ONACHBIMH HMCTOYHMKAMH 3KOJOTHYECKOTO
3arps3HEHHs. Y THIM3alMsl TEXHOTEHHBIX LUIAKOBBIX OTXOJOB HMMEET OOJBIIOE 3HAUYCHHWE IS CHUKEHUS
OTPULATEIILHOTO BIUSHHA HA 0€30IaCHOCTD JKU3HEACATEIBHOCTY U YIYUIICHHS SKOJIOIMYECKOH 00CTaHOBKU
pernoHa. B To ke BpeMs IIIaKd SIBISIOTCS LEHHBIM CHIPbEM, COJEP)KAIllMM COEAWHEHHWS [BETHBIX W
peAKO3eMEeNbHBIX METANJIOB.

B crarbe mokazaHbl pe3ynbTaThl JAOOPATOPHBIX MCCIEJOBAHMH LIJIAKOB IO ONPEAEICHHIO
KaueCTBEHHOTO M KOJIMYECTBEHHOTO COCTaBa I[EHHBIX KOMIIOHEHTOB B OTX0JIaX CBHHIIOBOTO TIPOHM3BOJICTBA U
BO3MOKHOCTHU JajbHENIIel UX nmepepadoTKH M YTHIM3AalKMU. bBbIIM MpoBeneHs! UCCIe0BaHUs MaTepuaia
TSDKEJION (ppaKiuy [1aKa Ha 3JIEKTPOHHO-30HI0BOM MuKpoaHaiuzatope mapku JEOL IXA-8230 Electron
Probe microanalyzer. PentrenonudpakroMmerpuueckuil aHaiau3 cpeiHed NpoObl IIIaKa BBIIOJIHEH Ha
mudppakromerpe JJPOH-4 ¢ Cu —wm3mydenuem, rpadutoBslii MOHOXpoMaTop. M3 mpo® OBLIM BBIIEICHBI
TSDKeJble (pakgM W W3TOTOBJICHBI IMOJMPOBAHHBIE MCKYCCTBEHHBbIC aHUUTU(BI (OpuKeTsl). AHIITH(HI
n3yyanuch nog Mukpockonom mapku LEICA DM 2500P u B UMMEPCUOHHBIX KUAKOCTSIX.

Ilo pe3ynpTaTaM mcciaenOBaHWH BBISIBIICEHO, YTO B CBHHIIOBBIX IIUTAKaX COJEPIKUTCS JTOCTaTOYHO
BBICOKOE KOJIMYECTBO COEIMHEHNH IIBETHRIX METAIIO0B: OKcuaa ceuHIa 10 0,7 % u okcuaa nuHka 10 8,5 % ot
BECOBOTO KOJIMYECTBA IJIAKA, YTO MO3BOJISET CAENATh MPOLECC YTHIIN3ALUU TOKCHUHBIX OTX0JI0B CBUHIIOBOTO
IIPOM3BOJCTBA TEXHUIECKH M HIKOHOMUYECKHU 11€JIECO00pa3HBIM.

KutodeBble cJI0Ba: TEXHOTCHHbBIE OTXOJbl, BTOPUYHOE CBHIPHE, I[BETHHIE METAJUIBI, YTHUIH3AIIH
OTXO/I0B NMPOU3BOJICTBA, MAJIOOTXOAHbIE U 0€30TXOAHBIC TEXHOJIOTHH.
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