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Abstract.

The article presents the results of studies on the production of ferrosilicon from iron ore

(magnetite) concentrate and quartzite. The studies were carried out by thermodynamic simulation using the
HSC-5.1 software package, based on the principle of Gibbs minimum energy and electric smelting of the
concentrate together with coke and quartzite in a single-electrode arc furnace. Based on the studies, it was
found that, under equilibrium conditions, the interaction of magnetite concentrate with silicon oxide (IV) and
carbon is accompanied by the formation of FeSi (> 1200 °C), FesSi (> 1100 °C), FeSi2 (> 500 °C), Zng (> 800
0C) Phg (> 1200 °C); the degree of silicon extraction into the ferroalloy depends on the ratio in the SiO2 /
Fez04 mixture, decreasing from 85.6 to 66.1 (for example, at 1700°C) with an increase in the SiO2 / Fez04
ratio from 0.42 to 1.25. When melting a mixture containing 70% concentrate, 11% quartzite, 19% coke, a
ferroalloy containing 15-18% Si. The resulting ferroalloys are graded from FeSil5 to FeSi45.
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Introduction

Upon receipt of ferrosilicon, an obligatory
component of the charge is iron shavings, the
amount of which varies from 780 kg when smelting
1 ton of FS25 ferrosilicon to 250 kg when smelting
FS75 ferrosilicon [1]. Now iron shavings are scarce
material, the cost of which is 210-220 dollars per 1
ton [2]. It is possible to reduce the dependence of
the production of silicon ferroalloys on scarce steel
chips if another iron-containing material is used in

the technology. Research in this direction is carried
out by several methods. Thus, proposals are known
for replacing steel chips in the production of
ferrosilicon with other types of iron-containing raw
materials, such as ferruginous quartzite, scrap metal,
iron ore, pellets of pyrite cinders, etc. [3-6, 15].
Processing plant wastes are important sources of
various types of mineral raw materials [7]. For
example, based on the fact that the tailings of the
Balkhash ore dressing plant contain 17% Fe [8] at
Iron Concentrate Company LLP [9] from the
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flotation tailings of copper-containing Sayak and
Shatyrkol ores of the Balkhash ore dressing plant,
iron-containing concentrate is obtained - magnetite
concentrate containing 58 - 64% Fe. This
concentrate can be used as a substitute for steel
chips [10].

From a thermodynamic point of view, the
reaction

6Si02+Fe304+16C=3FeSi>+16CO (1)
more preferred than reaction
2Si0;+Fe+4C=FeSi»+4CO (2)
since it starts at 1392 °C, and the second when 1617
OC (table 1).
The aim of the work was to determine the
possibility of obtaining a silicon alloy from

magnetite concentrate, with the simultaneous
extraction of lead and zinc from it.

Materials and methods

The studies were carried out by the method of
thermodynamic modeling and electric melting of the
charge in an arc laboratory electric furnace.

Thermodynamic modeling was carried out
using the HSC-5.1 software package and using the
Equilibrium  Compositions option [11]. The
calculation of the equilibrium state by the software
package is based on the principle of minimum Gibbs
energy. Determination of the equilibrium degree of
distribution of elements between substances was
carried out according to our algorithm [12]. The
electric smelting of the charge was carried out in an
electric arc furnace (Fig. 1)

Energy was supplied to the furnace from the
TDZhF transformer through an upper graphite
electrode 3 cm in diameter and a graphite bottom.
Before melting, a graphite crucible with an inner
diameter of 6 cm and a height of 12 cm was
installed on a graphite hearth. Then, the crucible
was heated by an arc for 15-20 minutes. During this
period, the current strength was 300-350 A and
voltage 30-40V.

Table 1 Influence of temperature on AG (kJ / mol FeSi,) *

Temperature, °C
Reaction
number 1000 1100 1200 1300 1392 1400 1500 1600 1617 1700 1800
1 343,2 255,1 167,0 79,9 0,0 -7,1 -93,8 | -180,3 | -1194 -263 -346,4
2 406,1 339,5 273,2 207,2 147,0 1414 75,0 10,9 0,0 -53,4 | -116,8

*- AGy calculation was performed using the software package HSC-5.1 [11]

1 - furnace casing, 2 - chromomagnesite lining, 3-carbon graphite hearth,4-graphite crucible, 5-carbon graphite “pad”,
6-transformer TDZhF-1002, 7 - graphite electrode, 8 - lower current lead, 9-12 - controlling ammeters and voltmeters,
13 - electrode movement mechanism, 14 - flexible part of the short network, 15 - furnace cover
I - general view; 1l - sketch of a furnace with knots
Figure 1 Single-electrode arc furnace
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The constancy of the furnace power was
supported by a terristor controller and the position
of the electrodes in the crucible. The mass of the
melted charge was 600-800g. The half-mass of the
charge was initially loaded into the preheated
crucible. Smelted it for 5-7 minutes. Then the
remaining charge was loaded and melted in the
furnace in three steps. When melting, the current
strength was 400-450 A and voltage 20-30V. After
melting, the crucible cooled in the furnace for 6-7
hours. Then it was removed from the furnace and
cooled on a ceramic stand for another 4-5 hours,
crashed. The content of the broken crucible was
sorted into ferroalloy, slag. The concentration of
silicon, aluminum, and iron in the alloy was
determined by the atomic adsorption method on an
AAS-1 device (Germany) using a JEOL JSM-
6490LM scanning electron microscope (Japan).
Using the pycnometric method, the density of the
resulting alloy was determined. Then, by the density
of the alloy, the silicon content in the alloy was
determined [11]. The degree of extraction of metals
in the ferroalloy was determined by the ratio of the
mass of metal in the ferroalloy to the mass of metal
in the charge. Iron ore (magnetite) concentrate of
Iron Concentrate Company LLP (Balkhash),
containing: - 85.9% Fe3;04, 9% SiO,, 2% Ca0, 1.4%
Al;03, MnO and K;O at 0.3%, 0.2 % NaxO, 0.4%
MgO, 0.2% ZnO, 0.4% PbO; - coxic (86.5% C,
4.2% SiO,, 1.5% CaO, 0.3% MgO, 1.9% Al,Os,

Table 2 The composition of the mixtures

2.3% Fex03 0.7% S, 1.2% H.0, 1.4% other); -
quartzite (97% SiO-, 0.7% CaO, 0.7% Al,Os, 0.8%
Fe203, 0.3% MgO, 0.2% H-0, 0.3% other).

Research results

Thermodynamic modeling was carried out
with two compositions of mixtures (table 2).

It follows from the figures that in the systems
under consideration, the products of interaction are
2FeO * SiO, (from 500 to 1400 °C), CaSiOs,
NazSiOs, K2SiO; (from 500 to 1900 °C), FeSi (from
1200 to 1900 °C), FesSi (from 1100 to 1900 °C),
Fe,Si (from 1500 to 1900 °C), SiO4 (from 1400 to
1900 °C), Fe (from 500 to 1900 °C), SiC (from 1500
to 1900 °C), Zn (from 800 to 1900 °C), Pb ( from
1200 to 1900 °C).

Figures 2 and 3 show that at relatively low
temperatures (500 - 760 °C), iron from Fe304 goes
into 2FeO-Si02, and then (from 900 to 1300 °C) the
iron completely goes into elemental. 2FeO-SiO2 -
fayalite in the system exists up to 900 °C, i.e. to its
melting point (1178 °C) [1]. At temperatures above
1300 °C, silicon begins to recover, which in the
presence of reduced iron forms a ferroalloy
containing FeSi, Fe3Si, Fe. A complete transition of
silicon to the alloy from the first system does not
occur due to the formation of more than 1600 °C
gaseous SiO.

N The content in the mixture, kg v
Mixtures = 5, | si0; | Ca0 | ALO: | MgO | Na:O | K0 | PbO | ZnO | C
1 859 | 1071 | 18 1.2 0,3 03 | 02 | 04 | o2 61| ¥
2 859 | 356 | 18 1.2 0,3 03 | 02 | 04 | 02 |34 204
* y- mass ratio SiO,/Fes0,
T
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Figure 2 Effect of temperature on the quantitative distribution of silicon (I) and iron (II) in system Ne 1
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Figure 3 Effect of temperature on the quantitative distribution of silicon (I) and iron (II) in system Ne 2
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Figure 4 Effect of temperature on the equilibrium distribution of zinc and lead

Figure 5 shows the effect of temperature on
the equilibrium total degree of distribution of silicon
in the alloy in the form FeSi, FeSi, FesSi and SiC
(aSiaioy). It is seen that from the first mixture (at y =
1.25) aSiay is less than from the second (at y =
0.42). This is due to the fact that when the first
mixture is heated, a significant transition of silicon
to gaseous SiQy is observed (at 1700 °C-16.2%, and
at 1900 °C -31.8%), while from the second system
the degree of transition of silicon to SiOq is,
respectively 4.2% and 6.1%. From figure 6 it
follows that the ferroalloy formed during heating of
the first mixture contains more silicon than when
heating the second. In accordance with [14], the
conditions for the formation of vintage ferrosilicon
can be determined from Figure 6. Vintage ferroalloy
from magnetite concentrate can be obtained in the
almfb region. So, in the acdb region (at 1400-1500
°C) ferrosilicon of the FeSi10 brand is formed, and
the cefd region (at 1470-1900 °C) - of the FeSil15
brand, and in the ebmf region (at 1510-1900 °C) the
FeSi25 brand. The extraction of zinc and lead in the
gas phase is shown in table 3.
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Figure 5 Effect of temperature and mixture composition

on the equilibrium degree of silicon distribution
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It can Dbe seen that regardless of the
composition of the initial mixtures aZng > aPbg.
Moreover, the complete distillation of zinc occurs at
a temperature of more 1500 °C. High (>70%)
distillation is observed at a temperature of more
1700 °C.

]

Before  electrofusion, the  magnetite

concentrate was poured together with bentonite clay
and liquid glass, then granules (4-7 mm) were dried
at 120 °C coke and quartzite were used with a 3-5
mm fraction.

1400

1600

1800
Temperature, °C

1-mixture Ne 1, 2-mixture Ne 2
Figure 6 Effect of temperature and composition of the mixture on the concentration of silicon in the alloy

Table 3 Effect of temperature on the degree of formation of gaseous zinc and lead (aZng, aPbg)

Temperature, °C
Ne
. Metal
mixture 1100 | 1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1990
Zn 756 | 862 | 925 | 962 | 988 | 994 | 999 | 999 | 9
1 828
Pb 04 1,2 31 8.1 237 | 467 | 622 | 739 ’
Zn 614 | 762 | 856 | 925 | 975 | 994 | 999 | 999 | 99
2 88.0
Pb 0.2 06 1,6 41 142 | 384 | 708 | 825 ’

Table 4 The composition of the charges for melting
magnetite concentrate

Content, % The
predicted
Ne Si content
Charge Concentrate |Quartzite| Coke n thg;lloy,
1 37,5 37,5 25,0 45
2 59,0 22,0 21,0 25
3 70,0 11,0 | 19,00 15

We carried out electric melting of granular
magnetite concentrate together with coke and
quartzite. The mixture was compiled on the basis of
obtaining 15%, 25%, 45% silicon in the alloy (the
composition of the mixture is given in table 4).

Using the pycnometric method (according to
the density of the ferroalloy), it was found that the
silicon content in the ferroalloy obtained from the
first charge was 29-41%, from the second 21-26%,
for the third - 15-18%. In accordance with [13]
obtained ferroalloys corresponds to ferrosilicon
grades FeSil5 and FeSi45. Figure 7 shows a
photograph of the alloy, and Figure 8 shows the
results of electron microscopic analysis of the
surface of ferroalloys.

Figure 7 Photograph of a sample of ferroalloy,
obtained from the mixture of the first composition
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NonHaa wkana 5952 wwn. Kypoop: 0.000

NonHaa weana 4228 wan. Kypoop: 0.000

Conclusions

Based on the results of obtaining ferroalloy
from magnetite concentrate, the following
conclusions can be drawn:

- under equilibrium conditions, the interaction
of a magnetite concentrate with silicon oxide (IV)
and carbon is accompanied by the formation of FeSi
(> 1200 °C), FesSi (> 1100 °C), FeSi, (>500 °C),
Zng (>800 °C), Pby (>1200 °C); the degree of
extraction of silicon in the ferroalloy depends on the
ratio in the mixture SiO./FesOs decreasing from

Element Weight,% Element Weight,% 85.6 to 66.1 at 1700 °C with increasing ratio
Al 0,77 Cr 0,78 Si0./Fes04 from 0,42 to 1,25;
SI 32,87 Mn 018 - formation 2FeQ-SiO; from Fes0, occurs in
Ca 0,12 Fe 64,44 the temperature range 500 — 900 °C, that is, to the
Ti 029 Ni 0,55 melting point of fayalite (1178 °C), therefore, the

formation of ferrosilicon comes from the system
SiO;—-Fe-C

-during electrosmelting of a mixture
consisting of 37.5% concentrate, 37.5% quartzite,
25% coke, a ferroalloy containing 29-41% silicon is
formed, and when melting a mixture containing
70% concentrate, 11% quartzite, 19% coke, a
ferroalloy containing 15- 18% Si; the resulting
ferroalloys have a brands from FeSil5 no FeSi45.
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TexHoreHAai MarHeTUTTI KOHUEHTpaTTaH cheppocunuuun any

LleBko B.M., KackuH N.B., Bagukosa A.[l., AmaHoB [.0

Tyilingeme. Maxkanaga TeMipkeHi (MarHeTHTTi) KOHIIEHTPATTaH >XOHE KBAapUUTTEH (QeppoCHINIMN axy OOWBIHIIA
3epTTey HOTIKeNepi KenTipiired. 3eprrey [mOCCTiH MUHIMU3AIMS SHEPTUACKIHBIH Npunuiine Herizaenren, HSC-5.1
KemeHai OarmapiaMachlH KOJIAAaHyMEH TEPMOIMHAMUKAJIBIK MOAETBACY OMICiH JKOHE JOFabl Oip 3JIEKTPOXTHI IEIITe
KOKC, KBapLUT, KOHIIGHTPATTHI Oipre AyeKTpii O6aimKeITyMeH Kyprisinai. JKyprisinren 3epTrey HoTIKenepi OoWbIHIIA:
MarHETHTTI KOHLIEHTpaT, kpeMHuil okcuai (V) sxone kemipreriMen Gipkenki sxaraiina opexerrecin FeSi (> 1200 °C),
Fe3Si (> 1100 °C), FeSi2 (>500 °C), Znr (>800 °C), Pbr (>1200 °C) rysineni; kpeMHuiiiH (eppoKOpHITIAra OTY
nopexeci kKocmanarbl SiOp/FesOs KaThlHAackHAa Toyenni 85,6-man 66,1 —re meiiin (Mbicanmsr 1700 °C) Temenneii,
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SiOy/Fe304 katbinacer 0,42-nen 1,25-aeiiin Gonranna kerepineni. 37,5% xouuenrparras, 37,55% kBapuurres, 25 %
KOKCTaH TYPAThIH IIMXTaHbI 3JeKTPI OankeiTyaa 29-41% kpemuuii3 6ap deppokopsitna, an 70% konuenrparras, 11%
KBapIuTTeH, 19% KOKCTaH KypajfaH IIUXTaHbl 3JeKTpii Oankeityga 15-18% Si 0ap deppoxopsiTha Ty3iniesmi.
Hotmxkecinge FeSil5 Ten FeSi45 neiiinri mapkais! GpeppoKOpHITIIa ajbIHA b

Tyiiin ce3mep: MarHeTWTTI KOHLEHTPAT, KBapLUUT, KOKC, TEPMOJMHAMMKAIBIK MOJIENBJACY, 3JEKTpil OasKbITy,
(beppocrIUImiA.

I'Ionyqel-wle cbeppocvmwuwﬂ N3 TeXHOreHHoro MmarHeTUTOBOIro KOHUeHTpaTa
LWesko B.M., KackuH I1. B., Bagukosa A.[l., AmaHos [.1.

AHHOTanusl. B cratbe NMpUBOISTCS PE3yNbTATHl MCCIEAOBAHUM IO MOIYYECHHIO (DEPPOCHIUIMSA U3 KEIC30PyTHOTO
(MarHeTMTOBOr0) KOHIEHTpaTa M KBapuuTa. lVccnenoBaHWs TPOBOAMIAM  METOAOM  TEPMOAWHAMHYECKOTO
MOJICTIMPOBAHUSI C HCIIOJIB30BaHUEM NporpaMMmHoro komiuiekca HSC-5.1, ocHOBaHHOTO Ha NpPHHIMIIE MUHHMyMa
sHepruu ['m60ca M 3MEKTPOIUIaBKOW KOHLIEHTpAaTa COBMECTHO C KOKCOM M KBapIMTOM B JYTOBOH OJHO3JIEKTPOIHOM
neur. Ha ocHOBaHMM TNPOBENEHHBIX HMCCIEAOBAHWI YCTaHOBJICHO YTO, B PAaBHOBECHBIX YCIOBHSX B3aUMOJACHCTBHUE
MarHeTUTOBOTO KOHIEHTpaTa ¢ okcuaoMm kpemuus (IV) u yrimepomnom compoBoskmaercss obpazoBanuem FeSi (> 1200
°C), FesSi (> 1100 °C), FeSi, (>500 °C), Zn. (>800 °C), Pb, (>1200 °C); crenens uspiedeHus KpeMHUs B (eppoCILIaB
3aBUCUT OT oTHoIeHus B cMecu SiOp/Fes0s ymeHnbasch ot 85,6 10 66,1 (nanpumep npu 1700°C) npu yBenuuenun
otHotreHus SiO2/Fes0s ot 0,42 mo 1,25. Tlpu snekTporuiaBke MIMXThI, cocrosiied u3 37,5% konuenrpata, 37,5%
KBapuuTa, 25% kokca obOpasyercs ¢eppocmias copepxanmii 29-41% KpeMHUs, a IPH IUIaBKE IIMXTHI COJEpIKaIiei
70% xoHueHTpaTa, 11% kBapuuTa, 19% Kokca —(peppocmiaB ¢ conepkanueM 15-18% Si. [ToxyyeHHbIe (eppoCILIaBbI
obnanaroT MapouHocThio oT FeSil5 no FeSi45.

KaioueBble c10Ba: MarHeTUTOBBIM KOHIICHTPAT, KBapIHUT, KOKC, TEPMOANHAMHUYECKOE MOJICITUPOBAHNE,
ANIEKTPOIUIABKA, (HEePPOCHITHUIIIH.

Jluteparypa

[1] Tacuk M.U., Jlskumes M.II., Emaua B.M. Teopus um TEXHONIOTHs MPOU3BOIACTBA (eppoCIUIaBoB. -M.:
Mertannyprus, 1988. - 784 c.

[2] Cranbhast crpyxkka nena. Wudopmarmonnoe arentctBo MetalTorg.Ru. HoBocta, aHamuTHKa, ILCHBI,
CTAaTUCTHKA pPBIHKA YEepHBIX, I[BETHBIX M  JAParoleHHBIX MeTauioB. [OnekTpoHHbI  pecypc] URL:
https://www.metaltorg.ru/stalnaya-struzhka-tsena.htm (nara o6pamienust: 15.03.2020).

[3] Tecnee C. A., TecmeBa E. II. Hcmons3oBaHHE 3KEIE30PYAHBIX HEO(MITIOCOBAHHBIX OKATHIICH MPH
npousBojcTBe (eppocununus // VIHHOBaIMOHHBIE TEXHOJOTMH M JKOHOMHKA B MAIIMHOCTPOEHHH: cO. TpyaoB VI
MexayHapoIHOW Hay9IHO-TIpaKTHYecKOol KoH(pepeniwn, FOpra, 21-23 Mas 2015. - Tomck: TITY, 2015 - C. 155-158

[4] Tatent P® Ne 2 704 872. Illuxrta mis usroronenus: Gpeppocununust / Jloxankun A.IL. , JlubGencon b.
,Kacarkun JI.A. Ony6m. 31.10.2019. Bron.Ne31

[5] Conossin A. B. Crioco6 3ameHbl CTPYXXKH TpH BbllUIaBke (eppocunuiust / Hepaspyuiaromuii KOHTPOIIb:
JIEKTPOHHOE MPUOOPOCTPOEHHE, TEXHOJIOTHH, Oe30MacHOCTh: COOpHHMK TpynoB V  Bcepoccuiickoil Hay4HO-
MPaKTUIEeCKOI KOH(EPEHIIUH CTYICHTOB, aCITUPAHTOB U MOJOIBIX YUEHBIX, ToMck, 25-29 mas 2015 1. : B 2 T. - ToMcK :
TIIY, 2015. - T. 2. - C. 141-144.

[6] Harent P® Ne 2109836 Hluxrta ams momyuenust Gpeppocununust / 3aiiko B.I1., Cagutauros B.A., Iletpos
A.A., Kaprayxos B.H., Boponos 0.11., Jlarruerkos B.U., UcxakoB ®.M. Omy61. 27.04.1998.

[7] JTeontser JI. U., lllemykor O. 0., Hekpacos U. B. Ananus, nepepaboTKa U UCIOJIB30BAHME TEXHOT€HHBIX
OTXO0JIOB METAITypPrHYeCKOro pon3BoicTBa// KommiekcHoe UCIosib30BaHne MUHEPaIbHOTO Chipbs. Ne 4. 2014. ¢.8-25.

[8] LlIeBko B.M., Aiitkynos JI.K., Cepxanos I''M., Kaparaepa I'.E., bagukosa A.Jl. KoMmmuiekcHas nepepaboTka
XBOCTOB oOoramieHust Menscoaepxkammx pya // Iemvkent: FOKT'Y. — 2019. — 203c.

[9] Opoaykumst Iron Concentrate Company. lron Concentrate Company [Onektponnsiii pecypc]. URL:
http://icckaz.com/ru/node/39 (nara oGpamenus: 15.03.2020).

[10] IIesxo B.M., baguxosa A.Jl., Tynees M.A., AmanoB J[.[., Kancansimo C.A. TepMmoauHaMmuyeckoe
000CHOBaHME M TEXHOJIOTHS ToMydeHust peppocmiasa, kapOuga KajabIusl U3 JIOMEHHOTO MIJaKa C 3aMEHOM CTAILHON
CTPYXKKH Ha MAarHeTUTOBBIH KOHLEHTpaT // MexIyHapoIHbIH JKypHaJd MPUKIAAHBIX M (QYHIAMEHTAIbHBIX
nceaenosanuii. — 2020. — Ne 4. — C. 83-90

[11] Antti Roine, Jarkko-Mansikka-aho, Tuukka Kotiranta, Peter Bjorklund, Pertti Lamberg. HSC
Chemistry 6.0 User's Guide. Outotec Research Oy. August 14, 2006
[12] CBuIeTeIbCTBO HA 00BEKT, OXpaHsieMblil aBTopckuM npaBoM PK Nel501 ot 29 suBaps 2019r. Pacuer

PaBHOBECHOT'O PACIPEeNICHNs] IEMEHTOB NMPUMEHUTENbHO K MporpaMmHoMmy komiuiekcy HSC-5.1. Iporpamma s
OBM./ lleeko B.M., CepxanoB .M., Kaparaesa I'.E., Amanos [I./1.




KomnnekcHoe Mcnonb3oBaHne MuHepanbHoro Coeipbs. Ne2 (313), 2020 ISSN-L 2616-6445, ISSN 2224-5243

[13] Illesko B.M., Amanos JI.Jl., Kapataesa I'.E., Alitkynos JI.K. Kuneruka nonydeHus: KOMIIEKCHOTO
eppocIlaBa U3 KpPEeMHUN-aTIOMUHMNCOIEpXkKAIEell  OMmoKH ©XKIYHApOAHBIH JKypHAI NPUKIAAHBIX U
pp p i Hiconep i // MexmyHap i Kyp P
(byHIaMeHTaNbHBIX uccnenoBanuid. - 2016. - Ne 10-2. - C. 194-196

[14] I'OCT 1415-93. ®deppocunuiuii. MexrocynapcTBeHHsli cranapar. -Munck: UIIK. M3natenscTBO
crargaptoB, 1997.— l4c.
[15] Shevko V.M., Badikova A.D., Tuleev M.A., Karataeva G.E. Kinetics of extraction of the silicon, aluminum

and calcium of the basalt from the daubaba deposit // Kompleksnoe Ispol’zovanie Mineral 'nogo Syr’a. / Complex Use of Mineral
Resources / Mineraldik Shikisattardy Keshendi Paidalanu. 2019. 2. 83-89. https://doi.org/10.31643/2019/6445.20

References

[1] Gasik M.I., Lyakishev M.P., Emlin B.I. Teoriya i tekhnologiya proizvodstva ferrosplavov (Theory and
technology for the production of ferroalloys). Moscow: Metallurgy. 1988, 784 (in Russ.)

[2] Steel shavings price. News Agency MetalTorg.Ru. News, analytics, prices, market statistics for ferrous,
non-ferrous and precious metals. [Electronic resource] URL: https://www.metaltorg.ru/stalnaya-struzhka-tsena.htm
(15.03.2020)

[3] Teslev S. A., Tesleva E. P. Ispolzovaniye zhelezorudnykh neoflyusovannykh okatyshey pri proizvodstve
ferrosilitsiya (The use of non-fluxed iron ore pellets in the production of ferrosilicon) VI Mezhdunarodnaya nauchno-
prakticheskaya konferentsiya. Innovatsionnyye tekhnologii i ekonomika v mashinostroyenii. (VI International Scientific
and Practical Conference. Innovative technologies and economics in mechanical engineering).Tomsk, Russia, 2015.
155-158 (in Russ.).

[4] Pat. 2 704872 RU. Shikhta dlya izgotovleniya ferrosilitsiya (The mixture for the manufacture of
ferrosilicon)/ Lokhankin A.P., Libenson B., Kasatkin D.A. Opubl. 31.10.2019, 31 (in Russ.).

[5] Solovjan A. V. Sposob zameny struzhki pri vyplavke ferrosilicija (A method for replacing chips in the
smelting of ferrosilicon) Nerazrushajushhij kontrol': jelektronnoe priborostroenie, tehnologii, bezopasnost': sbornik
trudov V Vserossijskoj nauchno-prakticheskoj konferencii studentov, aspirantov i molodyh uchjonyh (Non-destructive
testing: electronic instrumentation, technology, safety: a collection of labor resources of the All-Russian Scientific and
Practical Conference of students, graduate students and young scientists) Tomsk, May 25-29, 2015: in 2 volumes -
Tomsk: TPU Publishing House, 2015 .- V. 2 .- P. 141-144. (In Russ)

[6] Pat 2 109 836 RU. Shihta dlja poluchenija ferrosilicija (A charge for producing ferrosilicon)/ Zajko V.P.,
Saditdinov V.A., Petrov A A., Karnauhov V.N., Voronov Ju.l., Lapchenkov V.., Ishakov F.M. — opubl. 27.04.1998.
(In Russ)

[7] Leontev L. I., Sheshukov O. Ju., Nekrasov I. V. Analiz, pererabotka i ispol'zovanie tehnogennyh othodov
metallurgicheskogo proizvodstva (Analysis, processing and use of technogenic wastes of metallurgical production)
Kompleksnoe ispol‘zovanie mineral'nogo syr'ja (Complex use of mineral raw materials) -Ne 4. -2014. -P.8-25.

[8] Shevko V.M., Ajtkulov D.K., Serzhanov G.M., Karataeva G.E., Badikova A.D. Kompleksnaja pererabotka
hvostov obogashhenija med'soderzhashhih rud = Complex processing of copper ore dressing tailings. Shymkent:
SKSU. - 2019.- 203 p. (In Russ)

[9] Products of Iron Concentrate Company // Iron Concentrate Company [Electronic resource]. URL.:
http://icckaz.com/ru/node/39 (accessed: 03.15.2020).

[10] Shevko V.M., Badikova A.D., Tuleev M.A., Amanov D.D., Kapsaljamov S.A. Termodinamicheskoe
obosnovanie i tehnologija poluchenija ferrosplava, karbida kal'cija iz domennogo shlaka s zamenoj stal'noj struzhki na
magnetitovyj koncentrat (Thermodynamic rationale and technology for producing ferroalloy, calcium carbide from blast
furnace slag with the replacement of steel chips with magnetite concentrate) Mezhdunarodnyj zhurnal prikladnyh i
fundamental'nyh issledovanij.=International Journal of Applied and Basic Research. 2020. — Ne 4. — P. 83-90 (In Russ)

[11] Antti Roine, Jarkko-Mansikka-aho, Tuukka Kotiranta, Peter Bjorklund, Pertti Lamberg. HSC Chemistry
6.0 User's Guide. Outotec Research Oy. August 14, 2006

[12] Copyright Certificate 1501 Raschet ravnovesnogo raspredelenija jelementov primenitel'no k
programmnomu kompleksu HSC-5.1. Programma dlja JeVM. (Calculation of the equilibrium distribution of elements as
applied to the HSC-5.1 software package. The program for the computer.) / Shevko V.M., Serzhanov G.M., Karataeva
G.E., Amanov D.D. 29.01.2019

[13] Shevko V.M., Amanov D.D., Karataeva G.E., Ajtkulov D.K. Kinetika poluchenija kompleksnogo
ferrosplava iz kremnij-aljuminijsoderzhashhej opoki (Kinetics of obtaining a complex ferroalloy from a silicon-
aluminum-containing silica clay) Mezhdunarodnyj zhurnal prikladnyh i fundamental’'nyh issledovanij = International
Journal of Applied and Basic Research. 2016. - Ne 10-2. - P. 194-196.

[14] State standard 1415-93 Ferrosilicij. Mezhgosudarstvennyj standrat. (Ferrosilicon. Interstate Standard)
Minsk: IPK. Publishing house of standards. 1997. -14p.

[15] Shevko V.M., Badikova A.D., Tuleev M.A., Karataeva G.E. Kinetics of extraction of the silicon, aluminum
and calcium of the basalt from the daubaba deposit // Kompleksnoe Ispol’zovanie Mineral 'nogo Syr’a. / Complex Use of
Mineral Resources / Mineraldik Shikisattardy Keshendi Paidalanu. 20109. 2. 83-89.
https://doi.org/10.31643/2019/6445.20

— 78 ——



