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THE REDUCTION SMELTING
OF METAL-CONTAINING INDUSTRIAL WASTES

Abstract. Metal containing scrape accumulation is not only issue of the ecological safety of regions, but is a
new paradigm in development of the black metallurgy (direct production of iron) obtaining the energy and resources
conservation policy.

The purpose of the work: use of metal-containing and carbon-containing industrial waste — converter sludge and
coal sludge of the JSC "ArcelorMittal Temirtau" metallurgical enterprise.

The process structuring chain consists of: 1) ore-coal mixture conditioning from converter and coal slimes;
2) production of ore-coal pellets from the fine ore-coal mixture; 3) metallization of ore-coal pellets; 4) reduction
smelting of metallized pellets and production of natural-alloyed steel.

The solid carbon was used as a reducing agent, while preparing the ore-coal mixture we adhere to the principle
of complete reduction of the net extracted iron and manganese metals. Therefore, the stoichiometric consumption of
prepared coal sludge per unit of iron ore concentrate was determined according to the developed procedure, taking
into account the sequentially phase transformation of oxides. As a result of performed calculations, the coal feed rate
per unit of concentrate in the amount of 0,265 kg/kg was obtained. The ore-coal mixture consisted of the sum of
prepared converter and coal sludges.

On the basis of metal- and carbon-containing sludge of JSC "ArcelorMittal Temirtau" the ore pelletized pellets
with stoichiometric carbon content arcobtained. Sequential processing, drying, metallization and reduction smelting
made it possible to obtain metal ingots corresponding to high-quality steel in composition in the final stage.

Key words: metal-containing waste, converter sludge, coal sludge, metallization, pellets, steel, carbon, phos-
phorus, reduction, smelting, crystallization.

The conventional technology of metallurgical production of cast iron and steel is based on the two-
stage complex "Blast furnace-Converter". At the initial stage of the complex, conventionally, agglomerate
oxide materials are used as raw materials in the form of sinter and pellets in predetermined weight ratios to
the mass of coke. The mass fraction of coke in the charge provides the thermal balance of the reduction
smelting process as a source of hot reducing gases (HRG) used to heat the charge column and to reduce
iron, and also to melt the ore portion of the charge.

In addition, the coke layer plays an important role as a nozzle in which counterflow filtration of HRG
and melts is realized, as well as a source of direct reduction of iron and hard-to-reduce metals by solid
carbon. As can be seen, under the conditions of implementation of the reduction-smelting process in the
blast furnace there is a stable excess of coke and the melted metal product is cast iron.

In view of high performance of blast furnaces, the worldwide mass production of structural materials
is based on the oxygen converter processing of pig iron via oxidation smelting into steel. The problem of
oxidation smelting of cast iron in the oxygen converter is metal decarburisation. However, during oxygen
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lancing of the iron melt, not only the oxidation of the carbon of the cast iron occurs, but also the oxidation
of a significant part of iron and the complete oxidation of the valuable alloying metals with formation of
metal oxides, which are transported into the converter slag. In converter smelting, not only the formation
of metal-containing slags occurs, but a significant mass of sludges with concentration of metals many
times higher than in slag. They are also accumulated in dumps.

Metal-containing wastes accumulation is a problem nowadays not only for the environmental security
of the regions, but also as a secondary source of raw materials for the production of metal [1].

Pursuance of the most low-cost use of these wastes is associated with their return, if possible,
according to the current scheme of the metallurgical cycle, in particular, to the agglomeration process.
However, the possibility of introducing dispersed metal-containing waste into the sintering charge is
limited and the mass of the incandescent metal-containing waste is expanding every year.

Analyzing new theoretical propositions [2] and the organization of the processes of mini production
of iron and steel [3-5], one may come to the conclusion that the last word of science is related not only to
the existing principle of the preparation of the agglomerated oxide raw material and its reducing melting,
but a new principle of preparation of disperse metal-containing raw materials and its reduction-smelting
processing.

Such an approach opens the prospect of not only the full use of current and accumulated waste, but
also the direct production of high-quality steels and alloys from them.

The principle of agglomerated oxide raw material (agglomerate, pellets) preparation is based mainly
on the use of HRG as a reducing agent, which requires high gas permeability of the burden layer. The very
organization of the reduction processes in countercurrent of the agglomerated charge column and HRG
from the position of the process kinetics has a number of significant drawbacks. The commonly advertised
adsorption-catalytic mechanism (ACM) [6] is not a determining factor in the realization of metal
reduction. On the contact surface between the agglomerated raw material and HRG, the metal reduction
mechanism is associated with a topochemical mass transfer regime [7], by the successive phase transfor-
mation of the oxides into a metallic state from the surface to the center of the pieces. Such a sequence of
the process is limited by the slowest contact-diffusion mechanism.

In the processes of metallization of dispersed metal-containing waste, HRG cannot be used as a redu-
cing agent. The most effective reducing agent is solid carbon, which does not require gas permeability of
the layer, while at the same time provides a high rate of reaction depending on the value of the RSC
coefficient (reaction-contact surface). The value of the RSC in the 1,0 mm thick dispersible waste layers
reaches up to 20,000 m*/kg, and below 1,0 mm can reach up to 30,000 m*/kg.

Conditions for the realization of direct reduction of metals is, first of all, the uniform distribution of a
carbon-containing reagent of a similar reaction in a layer of dispersed oxide waste. Based on this principle
of charge preparation, experimental studies were carried out.

Experimental procedure.In the experimental studies, metal-containing and carbon-containing
industrial wastes - converter sludge and coal sludge chemical compositions of which are presented in tab-
le 1 from the JSC “ArcelorMittal Temirtau” metallurgical enterprise were used.

It can be seen from the composition of the initial slimes that the content of the basic CaO oxide is
almost 4-times higher than the concentration of acid oxides (Si0,+Al,0;) in fluxes. Hence it can be seen
that phosphorus and sulfur with concentration of 0,5 and 0,2% are in the form of chemical compounds of
Ca3(POy4), and CaS, respectively. Coal sludge also contains rather high concentration of slag-forming
oxides - SiO,u ALO;.

Table 1 — Chemical composition of initial components

Chemical composition, %
Name
of components Fewnm | FeO | MnO | SiO, | ALO; | CaO | MgO S P C
Converter sludge 603 | 125 1,75 2,54 325 22,0 2,32 020 | 050 | 2,65
Coal sludge - - - 18,2 7,65 2,32 0,72 0,18 | 005 | 523
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Therefore, the initial sludge was pretreated to remove a part of the slag-forming gangue. Both sludges
were enriched: converter sludge - by magnetic separation, and coal sludge - by gravity concentration.

In the dry coal sludge the specific weight of slag-forming oxide particles (Si0,, ALLO;, CaO, MgO) is,
on average, five times greater than the specific mass of solid carbon particles. Within respective limits,
their hovering velocities vary, i.e. particles removal rate. These variations were used for separation in
the wind tube, which was charged with dry coal sludge and the layer was purged with air at a rate of 5,0-
6,0 m/s, which corresponds to fine carbon particles hovering velocity. Smaller and lighter particles are
blown through a special vent and enters the second container - dust collector. The trapped dust mainly
contained carbon particles.

The compositions of enriched converter and coal sludges are presented in table 2.

Table 2 — Chemical composition of processed converter and coal sludges

Chemical composition, %
Name
of\comporients Fewm | FeO | MnO | SiO, | ALO; | CaO | Mg S P C
Converter sludge 7125 | 1475 | 1,93 1,51 1,92 12,75 | 1,33 | 002 | 012 | 2095
Coal sludge - - - 6,86 2,87 087 | 027 | 006 | 002 | 6574

As can be seen from the results of the analysis presented in table 2, rather qualitative components -
iron ore concentrate with high iron content and a carbonaceous reagent with a carbon content of 65% were
obtained from the initial converter and coal sludges. Only phosphorus content in the concentrate is much
higher than the allowable rate. However, it should be stipulated that high concentration of basic CaO oxide
in converter sludge is associated with the technology of dephosphorization of pig iron in an oxygen con-
verter in which oxidized phosphorus P,Os is bound by calcium oxide according to the following reactions:

2[P]+2,50, = P,0s ()
P205 +3 Ca0 = Cag(PO4)2 (2)

As can be seen, phosphorus dissolved in the cast iron, oxidized in P,Os by reaction (1), binds firmly
to calcium phosphate by reaction (2). Considering the high chemical strength of Ca;(PO,),, in the organi-
zation of subsequent reduction and smelting processes, it is advisable to regulate the temperature-heat
regime of phosphorus reduction. Based on this formulation of tasks, the following sequence of organiza-
tion of the process was adopted.

1. Preparation of ore-coal mixture from converter and coal sludges.

2. Obtaining ore-coal pellets from the fine ore-coal mixture.

3. Metallization of ore-coal pellets.

4. Reduction smelting of metallized pellets and obtaining nature-alloyed steel.

Since solid carbon is used as the reducing agent, when preparing the ore, the coal mixture is based on
the principle of complete reduction of the useful extractable metals of iron and manganese. Therefore, the
stoichiometric consumption of the prepared coal sludge per unit of iron ore concentrate was determined
according to the developed procedure, taking into account the successive phase transformation of oxides
[8]. As a result of the performed calculations, the consumption of coal cuttings per unit of concentrate in
the amount of 0,265 kg/kg was obtained. The ore-coal mixture consisted of the amount of prepared con-
verter and coal sludges in the amount of 1+0,265 = 1,265 kg. The resulting dispersed ore-coal mixture was
thoroughly mixed, then ore-carbon pellets were obtained from the pellet granulator. An aqueous solution
of nitrocellulose varnish was used as a binder. Mixing of converter and coal sludges inevitably leads to a
change in the chemical composition of the mixture, in which the mass fraction of ore and coal parts was
determined from the ratio y,=1,0:1,265=0,79 and y,= 0,265 : 1,265 = 0,21. Based on these mass ratios, the
average chemical composition of the mixture was determined, which is presented in Table 3.

Obtained crude pellets with fraction of 8,0-20,0 mm after drying at 400°C have acquired sufficient
strength and have been prepared for metallization.

— 3 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2019

Since the pellets contain an increased concentration of phosphorus and a stoichiometric amount of
carbon in choosing the temperature regime, not only the direct reduction of metals by carbon was taken
into account, but also the possibility of limiting the transition of phosphorus to the metal. Here the favo-
rable effect is due to the fact that phosphorus is completely in the compounds of calcium phosphate, from
which it begins to recover only at temperatures above 1200 °C. Therefore, the metallization process was
limited to heating to 1000-1100 °C.

The dried pellets with a mass of 200 g were placed in a sealed cell made of a quartz tube with a
diameter @40 mm and introduced into the tubular furnace SUOL-044 12-M2, preheated to 550 °C, then
heated at a rate of 10 °C/min. At 650 °C, the beginning of expelling of the gas - the reaction products of
CO and CO, was recorded. When temperature reached 1100-1120 °C, a time delay of 25-30 minutes was
observed until the gas expelling ceased, which meant the completion of the direct reduction of metals.

The chemical composition of ore-coal and metallized pellets is presented in table 3.

Table 3 — Chemical composition of ore-coal and metallized pellets

Chemical composition, %
Name of pellets
Feeom | Femet | FeO | Mn | SiO, | ALOs; | CaO | MgO S P C
Ore-coal 56,29 - 11,65 | 1,18 | 2,63 | 2,12 | 10,25 | 1,107 | 0,036 | 0,10 | 16,13
Metallized 86,6 | 84,0 | 3,34 | 1,81 | 4,05 326 | 15,77 | 1,70 0,04 | 0,154 | 2,15

Samples of metallized materials together with the cell were removed from the furnace, cooled and
further reloaded into a refractory crucible and installed in a "Tamman" melting furnace. The furnace was
heated at a rate of 15-20 °C/min. In order to avoid secondary oxidation of the metallized pellets, the sur-
face of the crucible was blown with neutral gas - argon. When the temperature reached 1600 °C, the
pellets were completely transferred to the melt, which was drained into a refractory baking sheet.

The yield of metal was 68,0 g. from the initial 200 g. of ore-coal pelletized pellets. Analysis of metals
obtained from two runs is provided in table 4.

Table 4 — Chemical composition of samples of molten metal

Metal Chemical composition, %
samples [Mn] [C] [Si] [S] [P]
Test Ne 1 1,20 0,57 0,15 0,02 0,028
Test Noe 2 125 0,62 0,12 0,025 0,030

As can be seen from the results of the analysis, melted samples of metal are nature-alloyed steels. The
content of contaminants - sulfur and phosphorus meets the technical requirements of high-quality steel.

Conclusion. On the basis of metal-containing and carbon-containing sludge of JSC "ArcelorMittal
Temirtau", ore pelletized pellets with stoichiometric carbon content are obtained. Sequential processing of
drying, metallization and reduction smelting made it possible to obtain in the final stage metal ingots,
which in composition correspond to high-quality steel.
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H. B. Aiir6aes’, I'. M. Koiimmna', E. Kederen’, I'. K. Cyrramypar’

'K. M. Cot6aeB aThiaars! Kasak YITTHIX TEXHHKATBIK 36pPTTEY YHHBEPCHTET (CoT6acB YHHBEPCHTETI),
AmvaTsr, KazakcTan,
Y ITTHIK TEXHOIOTHAIBIK 36PTTEY YHHBEPCHTETI, Mackey, Pecei,
KaparanIsI MEMIIEKETTiK TEXHHKANBIK YHHBEpcuTeTi, Kapararmsr, Kasakctan

KYPAMBIH/IA METAJLJI BAP OHEPKOCIITIK KAJIEIKTAP/EI
PEIYKIASAIAI BAJTKEITY

Annoramus., Kypamerana metamn 0ap KaaIbIKTapAblH >KHHAKTAMYBI OYTiHTI TaHZA TCK OHIPICPOIH IKOJO-
THSUIBIK KAYITCI3Airi MoceIeci ¥aHa eMec, COHIAM-aK SHEPTHsI MEH PeCypCTapbl YHEMACY CAsICATBIH €CEIIKE aia OThI-
PHII, Kapa METALTyPIHs Canachl AAMYBIHBIH KaHA MApPAJUTMAchiHA (TIKEIEH TeMip OHAIpici) OAHIAHBICTBI OOIYBI
KEpEK.

KympicTeiH MakcaTsl: «ApcenopMutran Temipray» AK MeTamry prusuislk KOMOMHATHIHBIH KYPAMBIHIA METAILT
6ap >xoHE KeMipTeri 6ap KanabIKTap — KOHBEPTEPIIIK IIIIaM MEH KeMipi OaifbITy NuIaMIaphIH Naiaanany.

[MpomuecTi yHBIMAACTHIPY KE3EKTLNIT MBIHAMAM: 1) KOHBEPTED >KOHE KOMIpP IMIAMAAPBIHAH KEH/I KeMipJi Kocta-
HBI JaWBIHAAY; 2) YCaK KSH KOMIPII KOCIAJaH KSH KOMIpJIi OKAaTBHIITEP aly; 3) KCH KOMIPIIl OKAaTHIITEPIl METAILIH-
3anmsiay; 4) MCTAIAHFAH OKATHIIITCPAl PSAY KIIATIAM-0ATKBITY KOHE JICTIPACHTCH 001aT amy.

TOTBIKCHI3AAHABIPFBIII PCATCHT PETIHAC KATTHI KOMIPTET1 KAOBUTIAHFAH-TBIKTAH, KCH KOMIPI KOCHAHBI JAHBIH-
Jay Ke3lHae TeMip MEH MapraHel METATIAPBIHAH AJbIHFAH MAWAATBbUIAPABI TOIBIK TOTHIKCHI3IAHIBIPY IPHHIIMITIHE
cyhicHemi3. COHIOBIKTAaH OKCHATEPIH PETTIK-(Pa3aibIK TYPICHYIH €CKEpYMEH J3IpICHICH daicTeMe OOHBIHIIA TEMIp
PYAANBl KOHIICHTPAT OipJiriHe TaHBIHAATFAH KOMip NIIAMBIHBIH CTCXHOMCTPHAIBIK IIBIFBIHBI AHBIKTAIABL Ecem-
TEyJIEpAi OPBIHAAY HOTIbKeCiHAE 0,265 KI/KT MeNIIEpiHAe KOHIECHTPAT OIpIIriHe KETETIH KOMIp MUIAMBIHBIH MOJIIIC-
pi anemEabL. KeMip KeHal KOCIa KOHBEPTEPIIK KIHE KOMIP IUIAMJAPBIHBIH COMACHIHAH KYPAJIIbL.

«ApcenopMurran Temipray» AK »karmaifbIHIaFBI KYPaMbIHIA METAILT Oap >koHE KeMipTeri Oap mIaMIapbIHbIH
HCT131HAC KOMIPTCTIHIH CTCXHOMETPIIK KYPAMBIMCH KOMIpPIIi OKATHIINTEP JAHBIHAAY YHRIMAACTHIPELTABL. Omapast pe-
TIMECH OHJEY, KENTIPy, METANIAHIABIPY KOHE PeAy KIHMIAN-0aIKbITY COHBIHIA CAmaibl OOIATTHIH KYpaMbIHA COHKeC
KEJIETIH METaJUI KYIMaChIH alyFa MYMKIHIILTK Oepei.

Tyiiin cesmep: KypambIHIaMeTa1 6ap KaIABIKTap, KOHBEPTEPIIK IIAM, KOMIp IUIAMBI, METANIAAY, OKATHIIIL,
Oomar, kemipreri, pocdop, peaykumsaaay, OATKHTy, KPHCTAIIAHY.

C. M. TaeyraGymos', JI. H. Poekonkos?,
H. B. Aiit6aes’, I'. M. Koiimmna', E. Ke6eren’, I'. K. Cyrramypar’

'Kazaxckuit HAMMOHATBHBIH HCCICA0BATEILCKHH TCXHHUCCKHI yrausepcutet uM. K. Y. Carnacsa
(Carmac YuusepcureT), Anmmarsl, Kazaxcras,
“HanuoHATBHBIH HCCIIC0BATEIBCKHI TEXHOMOTHUCCKHUIA yauBepcuteT (MHUCHC), Mocksa, Poccns,
KaparanIHHCKHIT TOCyIApCTBEHHBIH TeXHHUECKHH yHuBepcuTeT, Kaparanma, Kasaxcraun

BOCCTAHOBUTEJBHAS ILJIABKA
METAJJOCOAEPKAIIIMX IMMPOMBIINUIEHHBIX OTX0O/J10B

AnHoTamus. HakormreHne MeTaaicomep anmx OTX0J0B CETOTHS SBIICTCS MPOOIEMON HE TOJIBKO IKOJOTH-
YeCKOH 0E30MaCHOCTH PETHOHOB, HO W JTOJDKHO OBITH CBS3AHO C HOBOI MAPAaIMIMON PAa3BUTHA UCPHOW METAJUILy PTHH
(TIpsAIMOC TOJTyUCHHUE JKENIC3a) C YUCTOM IOIUTHKH SHCPTO- H PECYPCOCOCPSKCHIA TCXHOIOTHIA

Lexp paboOTHI: HCHOIB30BATh METALIOCOACPKALINE H YTICPOJCOACP KIS MPOMBIILICHHBIC OTXObI METaN-
ayprudeckoro komObuHata AO «ApcenopMurran TeMupray» - KOHBEPTEPHBIH IUTAM U UIAM YTJICOO0TAINCHHUS.

IlocaenoBaTe IbBHOCTH OPraHU3ALMH MPOLECCA COCTOUT 3. 1) MOArOTOBKA PyAOYTOJIbHON CMECH U3 KOHBEPTEP-
HOTO M YTOJIbHOTO IITAMOB; 2) MOJYYCHHE PYAOYTOMBHBIX OKATBIMCH U3 METKUH PYAO YIOJABHOM CMecH; 3) MeTal-
3anus pyaoyTOJIbHBIX OKaTBIIJIefI; 4) BOCCTAHOBHTCIBHAS IIIABKA MCTAUIH30BAHHEIX OKATHIMCH H TOIY4YCHHC
MPUPOAOIECTUPOBAHHOM CTAIH.

B kavecTBe BOCCTAHOBUTEJILHOIO PEArCHTA MPUHAT TBEPABIN YIJEPOA, PU MOATOTOBKE PYAO YTOJIbHON CMECH
HCXOJMM W3 MPUHIIAIA ITOJHOTO BOCCTAHOBJICHHMS MOJIC3HBIX M3BICKACMBIX METAILIOB JKeye3a i Maprasna. Ilosromy
OBLT OTpPEACNCH CTEXHOMETPHUYCCKHH PACX0J MOJATOTOBICHHOTO VTIOJBHOTO NDIaMa HA CAMHMIY >KEJIC30PYIHOTO

— 36 ——
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KOHIICHTpATa 10 Pa3pabOTaHHOH METOAUKE C Y4YETOM IOCIEA0BATECIbHO-()a30BOro MpEeBpallicHUs OKCHAOB. B pe-
3yJIBTaTE BBIOJTHEHHBIX PACUCTOB TMOJYYCH PACXO7 YTOIBHOTO MUIAMA HA CAMHUIYY KOHICHTPATa B KOJMYECTBE
0,265 xr/kr. Py 10oyroaspHas CMECh COCTOSATIA U3 CYMMBI TIOATOTOBJICHHBIX KOHBEPTEPHBIX U YTOJBHBIX UIAMOB.

Ha 6a3e merannconepxkaronmx u yriaepoacoaepskaronmx miaamMos AO «ApcemopMurran Temupray» opranu-
30BaHa MOATOTOBKA PyJOYTOIbHBIX OKATHIIIEH CO CTEXHOMETPHYECKUM COAep kaHueM yriaepoaa. Ilocnenosarenbrast
00paboTKa CyIIKa, METALIM3ALUs] U BOCCTAHOBUTCIbHAA IUIABKA IO3BOJIMIA IOJNYYHMTh HA 3aBEPLIAOLICH CTaAHU
CJIUTKU METAJLIA, KOTOPBIE IO COCTaBy COOTBETCTBYIOT KAUSCTBEHHOM CTaJIH.

KiroueBbie ciioBa: METAICOACPKAIIMEH OTXO0J, KOHBEPTCPHBIA MIIAM, YTOJBHBIA MUIAM, MCTATH3ALUSL,
OKATBIII, CTaJIb, YIIEPO[, ()ocdop, BOCCTAaHOBICHUE, IUIABKA, KPHCTA I 3ALHL.
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