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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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DEVELOPMENT OF TECHNOLOGY FOR THE EXTRACTION
OF LEAD AND ZINC OXIDES FROM DUST AND SLAGS DURING
THE UTILIZATION OF LEAD PLANT WASTE

Abstract. The object of the study is lead-containing slag dumps from a lead plant. The slags of the lead plant
contain a large number of toxic compounds: lead, zinc, osmium, cadmium, which are dangerous sources of
environmental pollution. Due to the open storage of slags, it was found that the maximum permissible concentrations
of lead were exceeded. Utilization of lead production slags allows to obtain non-ferrous metals and to reduce the
technogenic load on the environment as a result of processing of slags. At the same time, slags are valuable raw
materials containing compounds of non-ferrous and rare-earth metals.

The article proposes methods for the extraction of lead and zinc from slag waste and selects the optimal method
for the selective extraction of zinc and lead oxides from dust and slags of lead production. The proposed technology
of continuous carbon-free selective extraction of zinc and lead from the dust of electric steelmaking production
allows the use of lead production slag, which is fed into a rotating drum furnace in two oppositely directed streams.
During the movement of lead slag in the furnace drum and the burning of the torch, lead and zinc are more
completely extracted from the dust-like material, where the transporting object is compressed air, and the purified
flue gas after the gas is further purified by means of a smoke pump is released into the atmosphere.

When using the proposed selective method for extracting non-ferrous metals, the ecological state of the
environment will be improved, and it will also reduce the negative impact on human health due to the disposal of
toxic slags from lead production.

Keywords: waste, lead waste, toxic compounds, lead and zinc compounds, environmental pollution, toxic waste
processing, waste disposal.

Introduction. Industrial enterprises generate dangerous and toxic chemicals, which are one of the
most significant factors of environmental pollution.

The bulk of the waste is sent to dumps, landfills, sludge and tailings dumps, landfills and other
storage facilities, of which there are a lot. For these accumulators, large areas of land are alienated, as well
as for most of them, reliable isolation of the environment from pollution is not provided [1-4].

The object of the study is lead-containing slag dumps from a lead plant, which are production costs.
To determine the methods of utilization and processing of lead slags and for the extraction of lead and zinc
oxides, the following methods are proposed. There is a known method for separating zinc and lead oxides
from dust formed in steelmaking and foundry industries, which consists in making briquettes from dust
and a carbon-containing binder, further hardening them at a temperature of 315°C, extracting zinc and
lead at a temperature of 1370°C with further oxidation of metals to oxides and their capture [5-8]. The
disadvantages of this method are: the joint extraction of non-ferrous metal oxides from dust, the high
energy and resource intensity of the process due to the need to introduce a reducing agent and fluxes.

The closest in technical essence and the achieved result to the proposed author's work is the
production of lead and zinc oxides from the dust of metallurgical production (mainly electric steelmaking)
and zinc production waste of a similar composition without the additional introduction of a reducing
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agent. The extraction of lead oxide proceeds by using fuel in a drum rotary kiln, and zinc oxide by using a
plasma or arc energy source. The method of selective extraction of zinc and lead oxides from dust is
provided by monitoring the pressure and temperature of the process in each reaction zone. The device for
implementing the method under consideration consists of a drum rotating furnace, a chamber equipped
with a jet plasma torch, gas cleaning systems with bag filters for collecting condensate of lead and zinc
oxides [9-12]. The disadvantage of this method is: high labor intensity and complexity of technological
design and control of the process temperature in the first reaction zone, high environmental risks and
emissions of harmful compounds into the atmosphere.

The task of the proposed method for the disposal of slag waste from lead production is to more fully
extract lead and zinc compounds, as well as to improve the environmental situation of the environment
and reduce the harmful effects on human health. The technical result is the production of lead and zinc
oxides. This is achieved by the fact that in the proposed technology of continuous carbon-free selective
extraction of zinc and lead from the dust of electric steelmaking production, lead production slag is
additionally used, fed into a rotating drum furnace by two oppositely directed flows, the dispersion of the
composition containing the slag: 1-10 mm, a trifle coke and internal overburden of coal in the ratio of
1:0,2(3.8 to 4.5): from the cold end of the drum of the rotary kiln and pulverized part of the dispersion to
1 mm together with carbonaceous material dispersion up to 1 mm from the hot end of a rotary kiln, in the
ratio of dust — bulk material 1: (9-9.5) and in accordance with the following scheme of the rotating drum
furnace and flow chart of the method of extraction of oxides of lead and zinc are given below in figures
1 and 2 [13-16].

Problem statement. The slag of lead-zinc production is a sintered material with a granular shape
from 2 to 6 mm, containing a small amount of class up to 10 mm with a bulk density of about 2 t/m”3 and
an angle of repose of 35 degrees.

Table 1 shows the chemical composition of the used carbon-containing materials.

Table 1 — Chemical composition of carbon-containing materials

Content of components (%,%)
Material Cfree Si0, Al,03 Fe,03 Sgen. Moisture
Screenings of coal 35-65 27-32 2.5-6.5 2.6-2.9 up to 0.6 up to 3
mining
Fines of coke 85 2-4 2-3 1-2 up to 4.0 up to 3

The proposed technology is implemented as follows (figure 1): from the slag hopper of the mixture
with the charge 4 through the feeder with the drive 6 and the chute 10, the rotary drum furnace 1 is loaded
with the charge material of class 1-10 mm from the cold end of the furnace equipped with the combustion
chamber 2. The required temperature in the zone of high melting temperatures of the material is
maintained within the range of 1000-1150°C + 20°C, due to the combustion of natural gas through the gas
burner device 3, where the nozzle is arranged above the burner for supplying the mixture of the dusty
material 7, from fines of coke and slag of class 0—1 mm, fed from the hopper of the mixture of the dusty
carbon-containing materials 8, using the feeder with the drive 9, and the pneumatic chamber pump for
feeding the dusty material 5, in the presence of the torch from the fuel combustion in the burner from the
hot (unloading) end of the rotary drum furnace 1.

During the lead-zinc slag movement in the furnace drum and the torch combustion, lead and zinc are
extracted both from the dusty material, where the transporting object is compressed air, and from the
charge material due to the formation of zinc and lead oxides according to the reactions:

first stage PbO+CO=Pb+CO,,

Zn+ CO=Zn+ CO,
second stage Pb+0,=PbO

Zn+0,=Zn0O

At the second stage of the process, the reducing agent of lead and zinc is an excess of oxygen injected
by the nozzle together with the dusty fraction from the hot end into the furnace.

—— §) ——
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Figure 1 — Diagram of the rotary drum furnace:
1 — rotary drum furnace; 2 — combustion chamber (hot head);
3 — gas burner device (burner); 4 — slag hopper of the mixture with the charge;
5 — pneumatic chamber pump for feeding the dusty material; 6 — feeder with the drive;
7 — nozzle for feeding the mixture of the dusty material; 8 — hopper of the mixture
of the dusty carbon-containing materials; 9 — feeder with the drive; 10 — chute

The dust-gas mixture obtained in the rotary drum furnace (Figure 2) enters the flame-resistant
chamber, and then into the cooling chamber. From the cooling chamber, the cooled material enters the
duster with the bag filter. The dusty fraction of lead oxide and zinc oxide material precipitated in the
duster with the bag filter is sent to the bunker of the filling device, and the filtered flue gas after additional
filtration of gases using the smoke exhauster is released into the atmosphere.

Rotary drum
furnace

|

Flame-resistant Cleaned air to
chamber the atmosphere
; Smoke
Cooling chamber
exhauster
Duster Gas cleaning
assembly
Bag filter

Figure 2 — Process diagram of the method for extracting lead and zinc oxides

Conclusion. Based on the results of processing and analysis of experimental data, we came to the
conclusion that the presented technology allows to selectively obtain powders of zinc and lead oxides
without introducing an additional reducing agent. Thus, in the proposed technology of continuous carbon-
free selective extraction of zinc and lead from electric steelmaking dust, containing slag of lead production
is additionally used, fed into the rotary drum furnace by two oppositely directed flows, material of class
1-10 mm containing slag, fines of coke and internal overburden of coal mining in a ratio of 1:0.2(3.8-4.5):
from the cold end of the rotary drum furnace and the dusty part of class 0 — 1 mm together with carbon-
containing material of class 0 — 1 mm from the hot end of the rotary furnace, in the ratio of dust to lump
material 1:(9-9.5).
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Analyzing the results of preliminary tests, we came to the conclusion that the proposed technology
showed a more complete and selective extraction of lead and zinc oxides from slag wastes of lead
production in comparison with other methods.

When using the proposed selective method for extracting non-ferrous metals, the ecological state of
the environment will be improved and the negative impact on human health will be reduced due to the
disposal of toxic slags from lead production. At the same time, a significant contribution is made to the
development of a system for the rational use of natural resources.

K. %Kanracos', 3. Barosa', I'. TypeGekosa', b. Canapraiuesa’, I'. ITycypmanosa '

1M.Oye3013 ateraaarel OHTYCTiK Kaszakcran yausepcureri, Lllsivkent, Ka3akcran;
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KOPFACBIH OHJIPICIHIH KYPAMBIH/IA KOPFACBIH BAP KAJJIBIKTAPBIH TAJIJIAY
"KOHE AJJAMHBIH TIPIIIJIIK OPEKETIHE ’KOHE KOPIIIAFAH OPTAFA OCEPI

AnHoOTanus. 3epTTey 00BEKTICI KOPFAChIH 3ayBITBHIHAH KOPFAChIH 0ap KO YHiHAinepi. KoprachlH 3ayBITBIHBIH
LIJTAKTAPbIH/A KONTEreH yJbl KOChUIBICTAp 0ap: KOPFACHIH, MBIPBILI, OCMHH, KaJIMHI, OJIap IKOJIOTHSIIBIK JIACTaHY-
JIBIH KayinTi ke3i 6ombin Tabeansl. Koxkaapapl amblK cakrayra OalIaHBICTBI KOPFACBIHHBIH IIEKTI pYKCaT eTiireH
KOHIICHTPALMSCHIHBIH achlll KeTyl aHBIKTaiIabl. KoprachlH eHIIpICiHIH KOXKAApBIH HaiganaHy TYCTI MeTalmgapabl
ayyra yKoHe KOXJapAbl KalTa eHIey HOTWKECIHIle KOpLIaFraH OpTara TEXHOI'CHJIK JKYKTEMEHI a3alTyFa MyMKIHJIK
Oepeni. COHBIMEH KaTap, HUIAKTap TYCTI KOHE CHPEK KE3[eCETiH MeTalaapblH KOChUIBICTAPBI 0ap KYHJbI IIHMKi3aT
00JIBIT TAOBLTAIBI.

Maxkanaga KO KaJaAbIKTapbIHAH KOPFACBIH MEH MBIPBIIITEI ally OJiCTepl YCHIHBUIFAH OHE MBIPBIII TICH
KOPFachlH OKCHITEPIiH IIaH MEH KOPFachIH OH[IPICIHIH NUIAKTAphIHAH IPIKTEN ayJbIH OHTAWIBI dfiCi TaHIAIFaH.
Onektpon OonaTt OaNKpITy ©HIIPICIHIH IIaHbIHAH MBIPBII MEH KOPFACBIHABI Y3MIKCi3 KOMIPTEKCi3 IpIKTeIN aiyablH
YCBIHBUIBII OTHIPFAH TEXHOJIOTHSCHI alHaIMaibl OapabaHbl MMElIKe Kapama-Kapchl OarbITTallFaH eKi arblIHMEH
OepiieTiH KOpFachlH OHMIPICIHIH KOXKBIH MaipamaHyra MyMKiHAIK Oepemi. IlemTiH Oapa®aHBIHEAFBI KOPFACHIH
KOXKBIHBIH KO3FaJybl )KOHE alay/IblH JKaHybl Ke3iHIe NIaH TOpi3[i MaTepHaaH KOPFAChIH MEH MBIPBIIITHIH TOJBIK
ANBIHYBI OPBIH ajajbl, OHJA TaChIMaJIay OOBEKTICI CHIFBUIFAH aya OOJIBIN TaOBUTAIBI, all Ta3apThUIFAaH TYTIH Ta3bl
ra3jap/sl TYTiH COPFBIIITHIH KOMETIMEH TOJIBIK Ta3apTKaHHAH KeiH aTMoc(epara IbIFapbliIaibl.

Tycti MeTanmapapl anyblH YCHIHBUIBII OTBIPFAH CEJIEKTHBTI TOCUTIH KOJIAAHY Ke3iHIE KOpLIaraH OpTaHbIH
9KOJIOTHSUIBIK Kal-KYHi aKcapThlIabl, COH/Iali-aK KOPFachblH OHAIPICIHIH YJIbI LIUTAKTAPBIH K9JIEre yKapary eceOiHeH
aziaMIapbIH IeHCAYJIBIFBIHA TEPIC OCEPIH a3ailTyra MyMKIHIIK Oepe/i.

Tyi#in ce3mep: OHIIPICTIK KAIIBIKTAP, YJIBI KAJIIBIKTAp, JKOJOTHSIBIK JIACTAHY, KOPFACHIH KAIIBIKTApHI,
KaJIBIKTapIbl KOJIETe JKapaTy, MBIPBIII OKCHII, KOPFACHIH OKCHUIi, KOMIPTEKCi3 CEJICKTHBTI aITy.

K. Kanrtacos', 3. Barosa', I'. TypeGekosa', b. Canapraauesa’, I'. Ilycypmanoa'

! FOH0-Kaszaxcranckuii yHHBepcHUTeT IMeHU M.Aya30Ba, llIsiMkenT, Kasaxcran;
2 Ka3axCKMil HALMOHAIIBHBIN [1€]arOrNYeCKUi yHHBepcHTET IMeHHU Abas, AnMatsl, Kazaxcran

PA3PABOTKA TEXHOJIOI'MH U3BJIEYEHUA OKCHJI0B CBUHIIA 1 IWHKA U3 IIBIJIA
N IIJIAKOB B TIPOHECCE YTUIN3ALIMU OTXOJ40B CBUHIIOBOI'O ITPOU3BOJCTBA

Annotanusi. O0bEKT UCCIESIOBAHHS — CBUHEIICOICPIKAIIUE [IIAKOBBIC OTBAJIBI OT CBUHIIOBOTO 3aBoja. Illnaku
CBHUHIIOBOTO 3aBOJ[a CO/EPXkAT OOJBLIOE KOJUYECTBO TOKCHYHBIX COCJMHEHHMH: CBUHEL, LHHK, OCMHUH, KaJMHIA,
KOTOpBIE SIBJISIFOTCSI ONMACHBIMH HMCTOYHHKAMHU JKOJIOIMYECKOro 3arpsisHeHus. M3-3a OTKPHITOrO XpaHEeHUs IIJIaKOB
OBUIO BBISIBJICHO MPEBBILICHUE MPEEIbHO OMYCTHUMBIX KOHIICHTPALWI CBUHIA. Y THUIIU3ALUS IIUTAKOB CBUHIIOBOTO
IIPOU3BOJICTBA IO3BOJIAET IIOJYYUTh [[BETHBIE METAJUIbI U CHU3UTH TEXHOTCHHYIO HAIPY3Ky Ha OKPYXKAaIOIIYIO Cpeny
B pe3yJibTaTe MepepaboTKU UIAKOB. B TO e BpeMs IIJIaKH SBJSIFOTCS IICHHBIM CBHIPHEM, COJIEPIKAIIUM COCTHHECHUS
[BETHBIX U PEIKO3EMEIIbHBIX METAILIOB.

B crarbe npeoxkeHpl cCoCcoOBI H3BIICYCHUS CBUHIIA M [IMHKA U3 IUTAKOBBIX OTXOIOB U BEIOPaH ONTHMAIBHBIH
croco0 CeeKTUBHOTO M3BJICYCHUST OKCHUJIOB IIMHKA M CBHHIIA U3 IBUTH U NIUIAKOB CBHHIIOBOTO MPOM3BOJACTBA. [Ipe-
jaraeMasl TEXHOJIOTHSI HEMpPEPhIBHOIO Oe3yrJepoHOr0 CEJICKTUBHOTO H3BIICUCHHS [MHKA M CBHHIA W3 MbUIM
AIIEKTPOCTATICIUIABUIILHOIO [TPOM3BOICTBA MO3BOJISICT HCIOIb30BaTh IIIAK CBHHI[OBOTO MPOW3BOJCTBA, KOTOPBIN
MOJIAI0T BO BpAIIAIOIIyIOCs OapabaHHYO Me4b JBYMsl MPOTHBOIOJOXHO HAIMPABJICHHBIMU MOTOKaMH. B mporecce
JIBIDKEHUSI CBHHIIOBOTO IIaka B OapabaHe rmeuu U ropeHus ¢axena IpoucxXoanuT Ooiee MOJHOe U3BJICUSHHE CBUHIIA
W 1IMHKA U3 MBUICBUHOTO MaTepHaia, Tie TPAaHCIIOPTUPYIOUMM 00bEKTOM SIBISIETCS CKAThIA BO3/YX, & OUUILICHHBIN
JIBIMOBO Ta3 1ocCie JOOYUCTKH I'a30B MPU MOMOILH IBIMOCOCA BhIOpachIBaeTCs B aTMochepy.
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[Ipyn nmpuMeHEHNH NpeIaraeMoro CEJIEKTUBHOIO Ccrioco0a M3BICUEHHS IIBETHBHIX METAUIOB OyNEeT yIIydIIeHO
9KOJIOTUYECKOE COCTOSIHUE OKPY’KAIOIIEH Cpelbl, a TaKKe CHU3UTCS OTPUIIATENIbHOE BIMSIHUE HA 370POBbE JIIOJCH 32
CYET yTUIN3AIMN TOKCUYHBIX [IVIAKOB CBHHI[OBOTO IIPOM3BO/ICTBA.

KaroueBble c10Ba: MPOM3BOACTBEHHBIE OTXOAbI, TOKCHYHBIE OTXO/IbI, 3KOJIOTHYECKOE 3arPSI3HEHHUE, CBUHIIOBBIE
OTXO/bl, YTHIM3ALHUSI OTXO/I0B, OKCUJI [INHKA, OKCUJ CBHHIIA, O€3yTJIEpPOIHOE CEIEKTUBHOE H3BIICUCHHUE.
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