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Abstract. This article discusses various technologies for producing chromium ferroalloys from non-conditional
raw materials. Every year, about 13-14 million tons of chromite ores are mined in the world, the content of the 0-10 mm
fraction in which is 75-80%, of which about 30% is in powder or pulverized form. In Kazakhstan, the main preference is
to use rich ore, not using poor (substandard) ore. The dust captured by the aspiration units is a fine particle of a fraction
of 0.01-1 mm with a metal chromium content of 65-69%. Due to the fineness of the material, it is almost substandard.
The volume of generated aspiration and other dust of interest from the point of view of processing into conditioned
materials is more than 25,000 tons per year. The crushing of high-carbon ferrochrome produces 1000 tons of aspiration
dust per year. Hence, there is a need to study technologies for producing chromium ferroalloys from substandard raw
materials. The study of this technology is important not only from the economic, but also from the ecological side. After
all, low-quality raw materials are used in small quantities, and the bulk of it is stored in landfills. The data obtained by us
are of theoretical value and will be used for laboratory research.
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Introduction

Today, South Africa, Kazakhstan, Russia, Zimbabwe, and Madagascar have the largest
reserves of chromium. In addition to these countries, there are chromium deposits in Armenia,
Turkey, Brazil, India, and the Philippines. According to the U.S. Geological Survey report [1], 95%
of all chromium reserves are in Kazakhstan and South Africa. In 2018, our country took the third
place in the production of chromite, with a production volume of 4.6 million tons per year.

95% of the world's production of chromium raw materials is used in the metallurgical industry,
and the rest is used in foundries, chemical and non-ferrous sectors. In turn, more than 80% of the
world's ferrochrome is used in the production of stainless steel. The production of ferroalloys
necessary for the steel industry is the largest consumer of chromium.

Currently, South Africa is the world's largest producer of chromium ore, and in 2020 it sent

12.5 million tons of this mineral to China, which is 83% of the total volume of chromium imports to
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China. SamancorChrome, based in South Africa, has an annual production capacity of about 1.2
million tons of ferrochrome and chromite ore.

The production volumes of the Aktobe Ferroalloy Plant (AFP) amount to more than 740
thousand tons of ferroalloys per year. Today, almost all AFP workshops produce high-carbon
ferrochrome, due to the fact that large reserves of chromite ores are located in the Kempirsay deposit
of the Aktobe region.

The main part

Every year, about 13-14 million tons of chromite ores are mined in the world, the content of
the 0-10 mm fraction in which is 75-80%, of which about 30% is in powder or pulverized form. Over-
grinding of the extracted ores and an increase in the proportion of fine-grained fractions in them occur
due to blasting and mechanization of mining. Since the amount of rich ore reserves is small, poor ores
can be involved in mining, but they need to be enriched, which is a costly process. Also, during
processing, the useful components of chromium ore are redistributed by size, and a significant amount
of valuable raw materials is concentrated in fine-grained, as well as fine-dispersed (-3 mm) fractions.

At AFP, ferrochrome is produced in ore recovery furnaces with a capacity of 21-63 MV*A.
The melt from the furnaces is fed to the filling machines for casting into ingots weighing up to 40 Kkg.
The cooled ferrochrome ingots from the filling machines arrive at the finished product warehouse
and are crushed on jaw crushers, into various fractions from 5 to 50 mm. When crushing, respectively,
a large amount of fine fraction is formed, since in high-carbon ferrochrome, carbon is in the range of
7-9%. Dust is captured by aspiration systems (about 30%). Due to the fine dispersion, the material is
substandard.

The use of aspiration dust in the powder state in the production of ferrochrome is considered
inefficient, since when the dust is loaded into the furnace for further remelting, it is flown by 60-70
%. The volume of formed aspiration and other dust of interest, from the point of view of processing
into conditioned materials, is more than 25,000 tons per year. The crushing of high-carbon
ferrochrome produces 1000 tons of aspiration dust per year.

Methods

In the Aksu Ferroalloy plant, briquettes and pellets are obtained from aspiration dust by
clumping. The first laboratory tests were conducted back in 2004. The aspiration dust of high-carbon
ferrochrome was examined. The chemical and granulometric compositions of the dust are presented
in Tables 1 and 2, respectively.

According to the content of the elements, the dust is metallic, and corresponds to high-carbon

ferrochrome, this can be seen from Table 1. According to the granulometric composition, it is 81.09%
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composed of a class of less than 0.08 mm, which fully meets the requirements of the pelletizing

process.
Table 1 - Chemical composition of ferrochrome aspiration dust
Content of elements, %
Cr C Si S P
68,0 8,35 1,40 0,016 0,010
Table 2 - Granulometric composition

Fraction, mm >0,6 0,4-0,6 H 0,31-04  0,2-04 | 0,2-0,08 | <0,08
Content, % 1,16 0,17 0,13 0,35 17,1 81,09

First, raw pellets are formed when they are rolled on poppet or drum granulators, from a finely
dispersed material moistened to a certain extent. Then, at temperatures from 500 to 1200°C, firing is
performed. The main conclusion from this experiment is that at temperatures below 600°C, solid-
phase sintering of dust is slow, and the strength of the pellets is low.

Over the past 10 years, low-grade chromium ores and concentrates have been used in the
production of ferrochrome, which require an increased specific heat release of the melted charge. At
the same time, the cost of obtaining ferrochrome increases. In general, the use of siliceous reducing
agents for the metal-thermal process is characterized by a high end-to-end energy consumption,
taking into account the costs of obtaining metal reducing agents-energy carriers from natural raw
materials. Optimization of the technology for obtaining ferrochrome and improvement of its technical
and economic indicators, as well as the implementation of the silicothermic process for obtaining
ferrochrome from a variety of raw materials are possible on the basis of an assessment of the
conditions of the processes occurring during the interaction of the initial components. The
development and application of the technology for obtaining ferrochrome from low-quality raw
materials in an electric arc furnace reduces the consumption of expensive siliceous reducing agent.
The efficiency of the silicothermic technology depends to a large extent on the thermal and
temperature conditions of the processes.

Consider the smelting of charge chromium from substandard raw materials in DC furnaces.
The advantage of this process is in contrast to the process using a siliceous reducing agent:

1. use of substandard raw materials;

2. energy saving 20-30% %;

3. use of DC furnaces;
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4. high performance by 30 %.

It is proposed that the introduction of a system for heating charge materials with waste gases
will save energy by 20-30 %. Due to the large losses of electricity during the smelting of charge
chromium, the heating of charge materials is aimed at saving electricity, which will: increase the
productivity of equipment, reduce the physical load of working personnel, and increase the
stabilization of the process.

It is worth mentioning a new high-efficiency type of melting equipment, which allows you to
improve the current technologies, as well as create new ones, ensure high quality of metal using cheap
charge, including difficult to process. For the best result, it is worth smelting charge-chromium with
preheating of the chrome ore, using the heat released during the combustion of the exhaust gas of
closed ferroalloy furnaces. Heating can be carried out in tubular or shaft furnaces. This provides an
increase in the productivity of the furnace by 10-20%, if we compare the method without using
heating.

Conclusion

Thus, we have considered technological solutions for the possibility of recycling fine
aspiration dust, which is one of the main problems of modern ferrous metallurgy. Thanks to scientific
progress, metal dust can not only be disposed of, but also recycled and produced from it. Having
considered the experience from the Aksu plant, as well as the experience of smelting charge
chromium, we can confidently say that substandard raw materials can be processed not only stored
in dumps. Based on these technologies, we are convinced that the main environmental, economic and
technological problems can be solved. At the moment, there is still no single effective method that

compares favorably with the others.
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Anpatna. byn Makanaza acnupaundsulbIK  IIaHHaH XpoM  (eppOKOpHITHANapbIH - alyJblH — SpTYpIi
TEXHOJIOTHSUIApBl KapacThIpblirad OonateiH. Jlam Kazip anemue mamaMen 13-14 MITH.T. XpOMHT KeHzepi eHIipiieni,
0-10MmM dpaxumsneik 75-80% - npr kypaiinsl, onslH 30% - Fa KybIFBI YHTAK HEMece TO3aH TYpiHIE Ooiabl.
Kasakcranna Heri3iHeH ke/iei (KOHANLIUSIIBIK eMec) KeHAl maianantaii, 0ail keHni maiinananyra 6ackIMIbIK Oepineni.
AcnupanysuIbIK KOHABIPFBIIAPMEH ayJIaHaThIH [IaH KypambIHaa 65-69% meraiut xpomsl 6ap 0,01-1 MM ¢pakiustHbIR
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YCaK JUCIEPCTi YCAKIIACHI OOJBIN TaOBUIAABI. ¥ CaK AMCIEpCUsFa OalIaHBICTHI MAaTepHUAN iC JKY3iHIE KOHIHUIIUSITBIK
eMec OompIn TaObUTaABl. KanmplmTackaH acupanysUIbIK JKOHE Oacka Jia MaHIapIbIHKANTa ©HICYHEKBI3BIFYIIBLIBIK,
TyIBIpaThIH, KeleMi xkbuTbiHa 25 000 ToHHagaH actaM Kypaiasl. JKorapel KeMipTeKTi peppoXpOMIBI YCaKTay Ke3iHme
*kpotbiHa 1000 TOHHA acmHpanwsIIBIK ImaH maiina Ooxamel. OCBIJaH KOHIUIMSIIBIK €MeC IIHKi3aTTaH XpPoM
(heppOKOpPHITIIATIAPEIH ATy TEXHOJOTHSACHIH 3€PTTEy KAKeTTUIr TyBIHAAWAbl. Byl TeXHONOTHSHBI 3epTTey
SKOHOMUKAJIBIK JKaFblHAaH FaHa €MeC, COHBIMEH KaTap »JKOJOTMSUIBIK JKarblHaH Ja MaHeOel. Cebebi
KOHIUIMsUIaHOAFaH MIUKI3aT a3 MeJIIep/e MaiiagaHbUiaabl, ajl Heri3ri Oeiri yiiHaIepae cakragaabl. bi3 aarax
MOJTIMETTEP TEOPHSUIBIK KYHIBUIBIKKA M€ KOHE 3epPTXaHaJbIK 3¢PTTEYJIep YIIIiH OoJalrakTa KOJAaHyFa bIKTUMAI.

Tyiiin ce3nep: acrmpannsuibIK maH, GeppoxpoM, XpOMHUT KeHi, O0aT, 4appK-XpoM, TYHIpIIiK.
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AHHOTauMA. B 1aHHON cTaTbe paccMaTpUBAIOTCS Pa3IMYHbIE TEXHOJOTMU IOIYYEHHMSI XPOMOBBIX
(heppocIiIaBoB U3 HEKOHAMIIMOHHOTO ChIPhs. ExxeroqHo B Mupe no0biBaeTcs okono 13-14 MIIH. T. XpOMUTOBBIX Py,
conepxanue (paxipu 0-10 MM B KOTOpBIX cocTaBisieT 75-80%, u3 HUX 0k00 30% HAXOAUTCS B TIOPOIIKOBOM HITH
nsuIeBaToM BHJe. B Kasaxcrane B OCHOBHOM OTJAlOT MPEAIIOYTEHHE HUCIIONIB30BAHUIO OOTaToi pyabl, HE MCIIOIb3YS
OenHyro (HEKOHIMIMOHHYI0) pyay. [Ipiip ynaBnuBaemas aclMpalMOHHBIMH YCTAaHOBKaMM NpENCTaBIIeT coOon
MenkoauciepcHyro  Menous ¢pakmuu 0,01-1 MM ¢ comepkaHmeM MeTayTMYECKOro xpoma 65-69%. W3z-3a
MEIKOIUCIIEPCHOCTH MaTepHall TPAKTHUECKH SIBIISIETCS] HEKOHIUIMOHHBIM. O0BEM 00pa3yromencst acupaoOHHON 1
JAPyTrux MBLICH MMPEACTABIIAIOIINX UHTEPEC, C TOUKHU 3PCHUA Hepepa6OTKI/I B KOHAWIHWOHHBIC MaTCpralibl COCTABIIACT
6onee 25 000 Town B ronm. Ilpum npoOnenuu BbICOKOyIIEepoaucToro ¢eppoxpoma obpasyercs 1000 ToHH
acnupanoHHOW mbUK B Ton. OTcrosa, MOSBISETCS HEOOXOMMOCTh M3Y4EHHS TEXHOJIOTHH MOTY4YEHHS XPOMOBBIX
(heppocIIaBoB U3 HEKOHIUIIMOHHOTO CHIPbs. M3yueHre JaHHOH TEXHOJIOTHH BaKHA HE TOJIBKO C SKOHOMHUECKOH, HO
TaKXe U C KOJIOTHYECKOH CTOPOHBI. Be/lb HEKOHANIIMOHHOE CHIPhE MCIONIB3YETCS B MAJIOM KOJIMYECTBE, OCHOBHAS XKe
4acTh CKJIAAUpyeTcss B OTBajax. [lomydeHHbIE HaMM MJAaHHBIE MMCEIOT TEOPETHUYECKYIO ILIEHHOCTh U OyayT
HCTIONB30BAThCS TSI TA0OPATOPHBIX UCCIECIOBAHHMH.

KioueBblie ciioBa: acnupalmoHHas MblTb, HEPPOXpPOM, XPOMUTOBAS PYAa, CTallb, YapK-XPOM, OKATHIIII.
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