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Abstract. The relevance of the work lies in the need to develop a comprehensive ferroalloy technology by
developing theoretical and technological foundations that contribute to increasing technical and economic indicators, as
well as solving the task of attracting poor manganese ores of the Republic of Kazakhstan for metallurgical processing.
The ever-high demand for quality steel grades contributes to an increase in the production of ferroalloys, in particular,
complex alloys based on three main elements-manganese, silicon and chromium, which are acidifiers of steel. Poor and
small ores formed during the enrichment of manganese and chromium ores are completely stored in dumps and do not
find use in industry, and their disposal at work is a solution to the problem. There were attempts to agglomerate the small
of the bad chromium ores. However, from an economic and technological point of view, they did not give impressive
results. In the work, it is proposed to involve low-quality chromium and manganese ores in metallurgical processing to
obtain a new multipurpose chromium-manganese-siliconcontaining ferroalloy suitable for steel production or subsequent
processing. Purpose of the work a review was carried out in order to lay the scientific basis for the production of a complex
chromium-manganese-silicon component ferroalloy using chromium and poor manganese ores of Kazakhstan.

Key words: chromium, manganese, silicon, chromium-manganese-siliconcontaining ferroalloy, steel.

Introduction. The development of the ferroalloy industry in Kazakhstan in modern conditions
is very relevant. This applies primarily to the Chromium and manganese industries.

Chrome ores and products made from them are in high demand on the world market. This is
due to the possibility of obtaining with their help a wide range of high-quality steels, refractory steels,
protective coatings. The undisputed leadership in the volume of consumption of chrome ores belongs
to metallurgy. About 80% of the chrome ore mined in the world is used in metallurgy, 10%-in
refractory and the remaining 10%-in the chemical industry. Such a high proportion of chromium use
in metallurgy is explained by the performance characteristics of chromium-containing steels and
alloys. Chromium, as an alloying additive, helps to increase the hardness, strength of steel, increases
its elasticity, heat resistance, wear resistance and corrosion resistance.

The demand for the production of manganese alloys is 700 million ton. This is due to the
availability of reserves of manganese raw materials up to tons. At the same time, the issue of
development of complex ferroalloys based on silicon, aluminum, manganese, etc., based on the
presence of huge reserves of natural and man-made raw materials (coal waste, substandard ores, etc.),
which are the source of these metals, is relevant in Kazakhstan.

The tendency to deteriorate the quality of manganese ore raises the question of providing
ferroalloy plants of Kazakhstan with manganese raw materials in the future. Despite the fact that
Kazakhstan has large reserves of manganese-containing raw materials, it is often unsuitable for
smelting standard grades of manganese ferroalloys, since the main reserves of ores (about 70%) are
iron-manganese species. The remaining 30% are highly enriched oxidized manganese ores [1, 31-
32].

In metallurgical production, the use of low-grade raw materials, as described above, will
increase the level of production of ferroalloys, including complex ferroalloys. In addition, poor ores
solve not only the problem of limiting the resource base, but also a number of environmental problems
[2, 3].
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One of the main factors contributing to the rational use of raw materials resources is the
integrated use of raw materials in order to obtain not only all valuable substances, but also, as far as
possible, all the elements that make up the waste rock, based on their modern and promising need for
them.

The economic use of material resources and reducing the material capacity of products is one
of the most important tasks of increasing the efficiency of social production.

The problem of integrated use of raw materials becomes especially important with an increase
in the deficit of certain types of it (for example, high-grade manganese ores and coking coal) and an
increase in the number of waste accompanying the processing of low-grade raw materials.

In ferrous metallurgy, it is necessary to use complex ferroalloys to increase production
efficiency, improve technologies and improve technical and economic indicators. Currently, the
expansion of the range of alloys used in the steel industry requires the search for new, high-quality
types of complex ferroalloys [3, 98-100].

Materials and methods of research. Complex (multicomponent) ferroalloys can only be a
reducing agent (modifier, alloying alloy) or a combination of the reducing agent and alloying alloy,
modifier and reducing agent, etc. The basis of complex alloys is iron, chromium, manganese, silicon,
aluminum, etc.

The works of I. P. Kazachkov and N. P. Melikaev are great in the theory and practice of smelting
a complex ferroalloy with chromium-manganese-silicon components.

The authors [4, 17-19] argue that in the smelting of a complex ferroalloy with chromium-
manganese-silicon components, it is possible to ensure the normal smelting of ore in a reducing
electric furnace with a carbothermic process from a mixture of chromium and poor manganese ores.
Taking into account the general requirements for the quality of ferroalloys used in the smelting of
chromium and manganese ores of Kazakhstan and the needs of the steel industry, the limit of the
percentage content of basic elements in the complex ferroalloy with chromium-manganese-silicon
components was determined (Table 1).

Table 1 — Chemical composition of the complex ferroalloy with chromium-manganese-
siliconcontaining, %o.

Cr Mn Si C P S
>37 >15 >8 >55 >0.1 >0.02

The chemical composition of all raw materials, as well as the technical composition of high ash
coal, are determined, the values of which are given in tables 2-3.

Figure 1. Raw composition mix
Table 2. Chemical composition of raw materials for a new complex alloy with chromium and
manganese components, %

152



K.)Ky6aHoB aTsiHiarbl AKTe0€ oHIpIIiK YHUBEPCHTETIHIH Xabapisichl, Ned (78), sxentokcan 2024
MeraiutyprusuibiK, IPOLIECTEP MEH TEXHOJOTHsuIap-MeTaluryprudeckue mporeccs! 1 texuonorun-Metallurgical
processes and technologies

Material Cor_nponents
Cr20s Mngeneral Fe203 SiOz Al;,O3 MgO CaO
Manganese ore - 17,39 10,06 40,0 7,52 0,74 3,11
Chromium ore 53,40 - 14,03 6,13 10,24 15,05 1,65
High ash coal - - 0,35 68,55 19,33 4,24 7,88

Table 3. Technical composition of high ash coal

A, % W, % V, % Csolid, %
41,13 1,12 17,31 40,44

Results and their discussion. Smelting using raw materials and high-ash coal as reducing
agents, consisting of impurities of chromium and poor manganese ores, showed the possibility of
obtaining a new complex alloy of chromium and manganese components [5, p. 1-2]. The chemical
composition of the metal and slag was obtained as follows (Tables 4-5).

Table 4. Chemical composition of the metal, %

Cr Mn Fe Si C
40,80 19,44 25,44 9,75 4,53

Table 5. Chemical composition of slag, %

Cr203 MnO FeO SiO2 Al203 CaO MgO
6,09 1,71 1,03 39,78 26,27 6,14 18,38

The properties of the chromium-manganese-siliconcontaining complex alloy, which is
important for steelmaking production, usually exceed those of standard ferroalloys. The melting point
of the alloy is 1200-1300°C, the density is about 6.8 g/cm®. In terms of melting speed in liquid steel,
the chromium-manganese-siliconcontaining complex ferroalloy surpasses ferromanganese,
ferrochrome and ferrosilicochrome. The thermal effect of the alloy on the steel mixture is almost the
same as for standard ferroalloys. The oxidation of the chromium-manganese-siliconcontaining
complex ferroalloy is 1400 and 1500°C lower than that of silicomanganese, so it ensures its better
assimilation in steel. When deoxygenating steel with the chromium-manganese-siliconcontaining
complex ferroalloy, there are fewer non-metallic impurities and allows more complete and faster
oxygen removal than when introducing appropriate amounts of silicomanganese, ferrochrome and
ferrosilicon. This means that the chromium-manganese-siliconcontaining complex ferroalloy is
suitable for deoxygenating and alloying steel.

Conclusions

Chromium and manganese components showed the possibility of smelting a new complex alloy
using a raw mixture of chromium and poor manganese ores of Kazakhstan and high ash coal as a
reducing agent. The chemical composition of the metal was obtained as follows, %: 40.80 Cr; 19.44
Mn; 9.75 Si; 25.44 Fe; 4.53 C; chemical composition of slag, %: 6.09 Cr203; 1.71 MnO; 1.03 FeO;
39.78 SiO2; 26.27 Al>Os3; 6.14 Ca0; 18.38 MgO.
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Anparna. JKymeicTbiH ©3ekTitir Kasakcran PecrnyOiuKachIiHBIH Keaed MapraHer] KeHICPIiH METauTyprUusIbiK
KaiiTa eHyieyre TapTy MIiHJIETIH IIEIIyMEeH KaTap TEXHUKAIBIK-9YKOHOMHUKAIIBIK KOPCETKIIITEPAl apTThIPYFa bIKIAJ €TeTiH
TEOPHSUTBIK JKOHE TEXHOJOTHMSUIBIK HETI3ZIeplli a3ipiiey KOJIBIMEH KeIeHIl (eppOoKOPHITIIAa TEXHOJIOTHSCHIH 33ipiiey
Ka)XKeTTIrHeH TypaJipl. bonaTThIH camalisl MapKajgapblHa YHEMI )KOFaphl CypaHbIC (heppoKophITIANIap, aTar aiTKaH/Ia, Y
HETI3r1 3JIEeMEHT - 00JaTThl KbIIIKBUIAATYIIBI OOJIBIN TaOBIIATEIH MapraHell, KpeMHHH jKoHe XpOM Heri3iHIer] KelmeH i
KOpBITHANAp OHAIPICIH yIFalTyFa BIKHAN eTeli. MapraHel NeH XpoM KeHJepiH 0albITy Ke3iHJe naina OoiFaH Hamap
JKOHE ycaK KeHJIep TOJIBIFBIMEH YiliHIiiep/ie caKkTaia/ibl )KOHE OHEPKACINTe MaiianaHbUIMAaIbI, aJl OJap.Ibl )KYMbICTA
KoJIere JKapaTy MOCEJIeHiH miemiMi Oosbin TaOblmanbl. Harmmap XpoM KeHAEpiHIH a3 MeJIIepiH arjioMepanusiiay
opeketTepi 6onbl. Anaiija, 9KOHOMUKAIIBIK )KOHE TEXHOJOTHSUIBIK TYPFBIIAH JIFaH/1a, 0Jlap 9Cepili HOTHKE OepreH XKOoK.
XKymbicTa GONaTThl OHAIPYre HEMece OJaH dpi OHAeyre jKapam/bl jKaHa KON MaKcaTThl XpOM-MapraHel-KpeMHHN
Kypamjac KemeH i peppoKophITIia any YIIiH METAITYPrHsUIbIK OHJIEYTe Calachl3 XpoM )KOHEe MapraHell KeHJepiH TapTy
ycbiaba bl KyMbic MakcaTbl KazakcTaHHBIH XPOM JKOHE KeJlel MapraHel] KeHAEPiH KOJIaHa OThIPHII, KeUISH/I1 XPOM-
MapraHen-KpeMHHUH Kypamaac GeppoKOPBITIIAHbI ATy IbIH FRUIBIMU HET131H Kajlay MaKCaTbIH/A IOy >KacasIbIH bl

Tyiiin ce3aep: xpom, Maprasen, KpeMHHH, XpOM-MapraHel-KpeMHIH KypaMac peppoKopsITia, 0omar.
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AHHOTaIHUs. AKTyaTbHOCTH PaOOTHI 3aKITI0YaeTC B HEOOXOAMMOCTH pa3padOTKH KOMIUIEKCHON (eppocIuIaBHON
TEXHOJIOTUH TTyTeM pa3pabOTKH TEOPETUYECKUX M TEXHOIOTMYECKHX OCHOB, CIIOCOOCTBYIOLINX MOBBIIICHUIO TEXHUKO-
9KOHOMHYECKUX MOKa3aTenel, Hapsay ¢ PelIieHHEeM 3a/1aui BoBieueHus Pecryonuku Ka3axcran B MeTamyprudeckyro
nepepaboTKy OelHBIX MapraHIeBbIX pyJ. [1oCTOSHHO BBICOKHH CIIpOC Ha Ka4eCTBEHHbIE MapKH CTaJIH CIHOCOOCTBYET
YBEJIIMUCHUIO TIPOM3BOJICTBA (HeppOCIIABOB, B YACTHOCTH, KOMIUICKCHBIX CIUIABOB Ha OCHOBE MapraHiia, KpeMHHS W
XpoMa, KOTOPbIC HABJIAKOTCA IMMOAKHUCIUTEIIAIMU TPEX OCHOBHBIX J3JICMCHTOB-CTAIN. BGI[HBIC u MCJIKUE PYIbI,
oOpasyromuecs mpyu 000TalleHUH MaPTaHIICBBIX U XPOMOBBIX PYJI, HOJHOCTBIO CKJIAAMPYIOTCS B OTBAJIAX M HE HAXOMAT
NPUMEHEHHMS B IPOMBIIUICHHOCTH, ¥ UX YTHJIM3aLKs Ha TIPOM3BOJCTBE SBISCTCS PELICHUEM POOIeMbl. BpUTH MOIBITKH
arJIOMepUPOBATh MENKHE M HEKaueCTBCHHbBIE XPOMOBEIC pyAbl. OJHAKO ¢ YKOHOMHYECKON M TEXHOJIOTHMYECKOI TOUKU
3peHHs OHM HE JajM BICYATISIIOIIMX pe3yJbTaToB. B paboTe mnpennaraeTcs BOBJICKaTh B METAJLTypPrHYSCKYIO
nepepaboTKy HHU3KOKAYECTBEHHBIE XPOMOBBIE W MapraHLEBBIE PyABl IS MONYyYeHHS HOBOTO MHOIOIEJIEBOTO
XpOMOMapraHIeBo-KpeMHuiicogepkanero ¢eppociiaBa, MPUrOAHOTO Ul MPOM3BOJCTBA CTAJIM MWIHM MOCIECAYIOLICH
nepepabotku. [{enpro paboThl OBLT MPOBEJACH 0030p € IETIbI0 3aJ0KCHHST HAYYHOW OCHOBBI MOJYYCHUS KOMITJIEKCHOTO
XpOMOMapraHIeBo-KpeMHHEBOTO (peppocIiaBa ¢ UCIOIL30BaHUEM XPOMOBBIX U OSTHBIX MapraHieBbIx pya Kasaxcrana.

KaroueBble ci1oBa: XpoM, Maprasell, KpeMHHUH, XpOM-MapraHIeBO-KpEeMHHUHCOIeprKaluii (eppocIuias, cTalb.
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