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ABSTRACT

The article presents the results of calculating the material and thermal balances of refined ferrochrome
(RFeCr) smelting using a new reducing agent. According to the results of the material balance and enlarged
laboratory tests, it was found that when the traditional reducing agent silicochrome (FeSiCr48) is
completely replaced with a complex alloy of aluminosilicochrome (FeAlSiCr), a metal of the following
chemical composition can be obtained, %: Cr 66.8-69.1; C 0.21-0.29, Si 1.91-2.02. The composition of
FeAlSiCr for silicon and chromium is the same as that of FeSiCr48, but additionally contains Al. In the
process of obtaining refined ferrochrome, this aluminum passed into slag and changed its phase
composition. In the Ca0-Mg0-Al,03-SiO; system, the phase composition of the slag moved from the region
of bicalcium silicate to the region of helenite, which allowed to obtain non-crumbling slags. In addition,
due to the high activity of FeAlSiCr (where, 5 = Si + Al 2 60%), the basicity of the slag was maintained at the
level of CaO/SiO, = 1.6-1.7, against to 2. Based on the results of the heat balance calculation, it was found
that the use of a complex FeAlSiCr reducing agent leads to a 24% reduction in electricity consumption. The
low power consumption compared to the classical technology is explained by the presence of two active
elements in the FeAlSiCr, silicon and aluminum. Thus, the amount of heat introduced by exothermic
reactions prevails with the heat introduced by electrical energy.

Keywords: refined ferrochrome, aluminosilicochrome , reductant, ferroalloy, material balance.

Baisanova Aidana Maksutovna

Information about authors:
Doctoral student of Karaganda Technical University, Karaganda, Kazakhstan. ORCID ID: Email:
baisanova.aidana@mail.ru

Shabanov Yerbol Zhaksylykuly

PhD, head of the laboratory "Ferroalloys and recovery processes"”, Chemical and metallurgical Institute
named after Zh. Abishev, Karaganda, Kazakhstan. ORCID ID: 0000-0001-6902-1211. Email:
ye.shabanov@gmail.com

Grigorovich Konstantin
Vsevolodovich

Doctor of Engineering Sciences, head of the Center for collective use of scientific equipment "Diagnostics of
materials" of the Institute of metallurgy and materials science. A. A. Baykov, RAS, Moscow, Russian
Federation. Email: grigorov@imet.ac.ru.

Introduction

The production and

of 200 kVA to obtain the alloy itself with its further
use at smelting of refined ferrochrome (RFeCr).

use of a complex Considering the disadvantages (scattering of

aluminosilicochrome alloy is a complex scientific
and technical problem associated with the
development of effective technological processes
for their production and the rationalization of alloy
compositions. Therefore, for the development of
the aluminosilicochrome alloy, a scientific base was
created based on the regularities of the state
diagrams of the Fe-Al-Si-Cr system, and laboratory
and enlarged laboratory tests were carried out in
an ore-thermal furnace with a transformer power

slags, an increase in the basicity and multiplicity of
the slag, as well as the consumption of specific
electricity to obtain 1 ton of metal) of the current
technology for smelting refined ferrochrome at the
Abishev Chemical and Metallurgical Institute, work
was carried out to replace the traditional reductant
ferrosilicochrome  with a new alloy -
aluminosilicochrome. The use of
aluminosilicochrome as a reducing agent instead of
ferrosilicochrome is due to the sufficient content of
silicon and aluminum in it. The presence of
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chemical compounds and solid solutions of iron,
silicon and aluminum in aluminosilicochrome
should significantly reduce the losses of silicon and
aluminum for oxidative processes when interacting
with atmospheric oxygen [1-4].

In comparison with the traditional method, the
developed technology for smelting refined
ferrochrome has the following advantages:

- increasing the degree of extraction of
chromium into metal;

- establishing the value of the basicity of the
slag and, as a result, reducing the consumption of
lime and reducing the frequency of slag;

- stabilization of final slags from spillage.

At the Abishev Chemical and Metallurgical
Institute research was carried out on the smelting
of refined ferrochrome using a complex reductant
aluminosilicochrome in a refining-type electric
furnace with a transformer power of 300 kVA [5].

In general, the process of smelting RFeCr using
the new reducing agent was characterized by stable
electrode fit. The use of aluminosilicochrome has
led to the intensification of processes in the
furnace. Fluctuations in the current load were
noted closer to the time the alloy was tapped from
the furnace, when metal accumulated in the
furnace bath. The reaction zone was characterized
by a high temperature (temperature of white heat,
over 1200 °C).

During the campaign, 29 heats were carried
out. It has been established that when using a new
complex reductant aluminosilicochrome metal and
slag with the following chemical compositions are
obtained, %: Cr 66,8-69,1; C 0,21-0,29, Si 1,91-2,02
(metal); Cr,0; 4,13-7,94; SiO, 20,37-26,41; Al,O3
18,24-21,97; CaO 27,87-35,8; MgO 11,95-18,26
(slag). The resulting metal in terms of the content
of the main elements corresponds to the grade
composition of low-carbon ferrochrome (GOST
4757 - 91, ISO 5448 - 81). Despite the relatively high
percentage of carbon (0,52 %) in the composition

Table 1 — The chemical composition of chrome ore

of the new reducing agent aluminosilicochromium,
its content in the final metal (RFeCr) corresponded
to the permissible limits.

The use of the FeAlSiCr alloy contributed to the
stabilization of the structure of self-disintegrating
slags from disintegration due to the movement of
their phase region from larnite to the helenite
region. The samples of the obtained slags were
kept in natural conditions for several months and
their resistance to spillage was visually established.

In industrial furnaces, about 5,2 MW of
electricity is consumed to smelt 1 ton of low-carbon
ferrochrome. Given the large heat losses and
structural features of the experimental 300 kVA
furnace, it is impossible to achieve this figure.
Therefore, in order to issue an objective
assessment of the specific power consumption,
appropriate calculations were carried out.

The aim of this work is to calculate the material
and heat balances of refined (low-carbon)
ferrochrome smelting using a complex reductant
aluminosilicochrome. The tasks of calculating the
material balance are to determine the consumption
of a complex reductant aluminosilicochrome and to
compare the results of smelting refined
ferrochrome by traditional and proposed methods.
Another task of the calculations is the theoretical
determination and comparison of the specific
consumption of electrical energy.

Calculated part

The material balance was calculated using the
method of F.P. Edneral and A.F. Filippov [6].

To carry out experimental studies on the
development of a technology for smelting refined
ferrochrome, chromium ore of the Donskoy GOK
was used, as a fluxing material - burnt lime, in
which the content of calcium oxide is 75-80 %. The
chemical compositions of the charge materials are
shown in tables 1-3.

Chrome ore, %

Cr203 SiO2 cao MgO Al203 FeO Fe203 S P other
45,09 6,44 1,30 14,29 8,99 10,42 2 0,024 0,02 3,21
Table 2 — The chemical composition of the complex alloy FeAlSiCr
FeAlISiCr (aluminum-chrome-silicon), %
Cr Si Al C Ca+Mg Fe
13,9 51,07 21,66 0,51 0,5 9,97
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Table 3 — The chemical composition of lime

Lime, %

SiO2

Cao

MgO

Al203

FeO

Fe20s3

other

0,23

67,77

0,01

0,01

0,0089

0,01

0,024

0,02

30,97

The charge calculation was based on the
following chemical reaction equations (1-4):

Cr,03 + 3/2Si = 2Cr + 3/2Si0; (1)

2FeO + Si = 2Fe + SiO; (2)

Cr,03 + 2Al = 2Cr + AlLO3 (3)

Table 4 — Distribution of recovered items

3FeO + 2Al = 3Fe + Al,03

In the course of calculating the ratio of
charge materials on the basis of production and
the following distribution of

literature data,
elements was taken (table 4).

Element Cr Fe Al Si P
Converts,%: into metal 85 95 1 5 50
into slag 15 5 89 85 25
away 0 0 10 10 25
Table 5 — Estimated material balance of refined ferrochrome smelting at slag basicity
Basicity (Ca0/SiOz) Set, kg Received, kg
chrome ore 100,00 metal 49,85
aluminosilicochrome 26,99 slag 121,20
1,7 lime 70,31 away 24,98
air oxygen 3,14 discrepancy 4,41
total 200,44 total 200,44

The results of calculations of the material
balance of refined ferrochrome production using a
complex reducing agent are presented in table 5.

To calculate the heat balance, we used the
thermophysical characteristics of materials, the
heat effects of reactions, and the results of
calculating the material balance. In the incoming
part of the heat balance, the physical heat of the
charge, the heat of exothermic reactions, and the
heat introduced by electricity were taken into

account. In the consumable part, the heat content
of the metal and slag, the loss of the furnace
surface and with the exhaust gases.

For a comparative assessment of the results of
calculating the heat balance of smelting RFeCr,
table 6 presents the calculated data of the authors
[71, which shows the heat balance of the
production of low-carbon ferrochrome using the
traditional reductant - ferrosilicochrome.

Table 6 — Heat balance of production of low-carbon ferrochrome using ferrosilicochrome

Coming, % Expenditure, %

Ph.y5|cf';1l heat of the charge + heat of 41 Heat content of metal 115

oxidation C (electrodes)

Heat of exothermic reduction reactions,

slag formation, combustion of excess 30,7 Slag heat content 71,4

reduction

Heat introduced by electricity 65,2 Furnace surface loss 7,5
Waste gas losses 9,6

Total 100 Total 100
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The results of calculating the heat balance of
refined ferrochrome using the complex reductant
aluminosilicochrome are presented in table 7. In
the calculations, as a rule, the ambient temperature
is taken as the zero point in temperature. The

Table 7 - Results of calculating the heat balance
aluminosilicochrome

charge will add additional heat if its temperature
exceeds the temperature of the medium. Since in
our case, according to the calculation conditions,
preliminary heating of the charge is not provided,
the charge will not add additional heat.

of refined ferrochrome using a complex reductant

Coming Expenditure
Article kj % Article kj %
Physical heat of the 0 0 Heat content of the 77 100 71
charge alloy
Exothermic reactions 946 288 87,53 Slag heat content 677 918 62,7
Electricity 134 767 12,46 Heat  content — of |, q 03
gaseous products
Endothermic reactions 23727 2,1
Heat loss 298 161 27,5
Total 1081 055 100,0 Total 1081 055 100,0

The discussion of the results

The low power consumption in comparison
with the classical technology is explained by the
presence of aluminum in the composition of
aluminosilicochromium. In the heat balance it is
shown that, depending on the used reducing agent,
the values of the introduced heat of exothermic
reactions and electricity change (tables 6-7).

Based on the results of heat balance
calculations, the specific power consumption for
the production of 1 ton of refined ferrochrome was
determined, which is 3,9 MW/t. If we compare the
production data (5,2 MW/t) with the obtained data,
then the energy savings when using the new
reducing agent is 25%.

Conclusions

1. Calculations of the material and heat
balances of refined ferrochrome smelting when

using a complex aluminum-chromium-containing
alloy of aluminosilicochrome as a reducing agent
have been performed. As a result of calculating the
heat balance, it was found that the use of a
complex reductant in the smelting of refined
ferrochrome leads to a 25% decrease in power
consumption.

2. According to the results of enlarged
laboratory tests, it was found that with the
complete replacement of the traditional reducing
agent silicochromium (FeSiCr48) with a complex
alloy of aluminosilicochrome (FeAlSiCr), it is
possible to obtain a metal of the following chemical
composition, %: Cr 66,8-69,1; C 0,21-0,29, Si 1,91-
2,02.
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TYRIHAEME

MaKanasa KaHa TOTbIKCbI3AAHAbIPFLIWTLI KOAAAHA OTbIpbiN, TasapTbinfaH deppoxpomapl (PPX)
6anKbITyAbIH, MaTePUANAbIK KaHe Xblny BanaHCTapblH ecenTtey HaTUKeNepi KenTipinreH. Matepuangbik
6anaHc  KaHe  ipineHAipinreH-3epTxaHanblK ~ CbIHAKTap  HaTWxKenepi  GoWbIHWA  A3CTypAi
TOTbIKCbI3AAHABIPFLIW cUAMKOXpomabl (PCX48) antomocunmkoxpom (PACX) KeweHmi KopbiTnacbiHa

Makana kengj: 10 kazaH 2020 TONbIK aybICTbIPY Ke3iHAE Keneci XMMUANBIK Kypamaasbl MeTanapl anyfa 60naTbiHAbIFbI aHbIKTanabl, %:
CapantamarnbiK wony: 26 KazaH 2020 Cr 66,8-69,1; C 0,21-0,29, Si 1,91-2,02. ®ACX-TbIH, Kypambl KPeMHUI1 MeH Xpom bolibiHwa PCX48-meH
Kabbinpganapl: 24 kapawa 2020 bipaen, bipak KypambiHAa Kocbimwa Al-i 6ap. TasapTbinFaH deppoxpomapl any bapbicbiHaa 6yn

ANOMUHUIA KOXKFa ©TiN, OHblH, dasanbik KypambiH e3repTTi. Ca0-MgO-Al03-SiO2 xyieciHAe KOMKAbIH,
basanbik Kypambl eKi KanbUmMidNi CUAMKATTaH (NapHWUT) reNeHUT aimarbiHa KewTi, COMUTIN YriTiAMenTiH
KeceK KoXApapabl anyfa MyMmKiHAK 6epai. ByaaH 6acka, PACX benceHginiriHib, ofapbl 6onybiHa
6ainaHbicTbl (MyHAa, S = Si + Al > 60%) KoKApIH, HerizginiriHiv, 6ipnirin 2 emec, Ca0/SiO; = 1,6-1,7
AeHreiiHae yctan Typy MymKiH 6onabl. ¥biny 6anaHcbiH ecenTey HaTuxkenepi 6onbiHwa GACX KelweHai
TOTbIKCbI3AAHABIPFLIWbIH NAAaNaHY 3/E€KTP 3HEPTUACbIHbIH, WbIFbIHbIH 24%-Fa a3aiTyfa MYMKIHAIK
6epai. KnaccvKkanbik TEXHONOMMAMEH CafbICTbIPFaHAA 3N1EKTP SHEPTUACIHbIH, TOMEH LWblFblHbl PACX-TbIH,
KypambiHAa eKi 6enceHpi 3NeMeHTTIH, KPeMHUI MeH antoMUHWRAIH, 6onybimeH TyciHAipineai.
Ocblnaiwa, 3K30TePMUANBIK PeaKUMUANap apKblibl eHri3iNeTiH Kbly Me/lepi 31eKTp SHepruacbiMeH
6epinreH xbinyaaH 6acbim 6onagpl.

TyliiH ce30ep: TasapTblifaH GEpPPOXPOM, aNOMOCUANKOXPOM, TOTbIKCbI3AAHAbIPFbIW, GeppoKopbITNa,
maTtepuangplk 6anaHc.
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AHHOTALMA

B cTaTbe npepcTaBneHbl pe3ynbTaTbl pacyeTa MaTepuanbHOrO M TennoBoro 6anaHCcoB BbiNaaBKu
paduHupoBaHHoro deppoxpoma (PPX) ¢ ncnonb3oBaHMemM HOBOro BoccTaHoBWTenA. Mo pesynbTaTam
maTtepuanbHoro 6anaHca U yKpynHeHHO-NabopaToOPHbIX WUCMbITAaHWIA YCTAaHOBAEHO, YTO MpPWU MOJHOW
3aMeHe  TPagMUMOHHOTO  BOCCTAHOBUTENA  cuMKOXpoma (PCX48) Ha  KOMMAEKCHbIM  cnnas

Cratba noctynuna: 10 okmabpsa 2020 antomocunnkoxpom (PACX) MOXKHO NONAYUUTb METANN CAeayoLWero Xumu4yeckoro coctasa, %: Cr 66,8-
PeueH3npoBaHue: 26 okmabpsa 2020 69,1; C 0,21-0,29, Si 1,91-2,02. Coctas PACX NO KpPemMHWIO MU XPOMY TaKOMn e, Kak y ®CX48, Ho
MpuHATa B nevatb: 24 Hos6psa 2020 AONOIHUTENBHO cogepuT Al. B npouecce nosyyeHna padpuHUpoBaHHOTO Gpeppoxpoma 3TOT atoMUHUI

nepewen B WAaK U M3MeHun ero ¢asosbit coctas. B cucteme CaO-MgO-Al;03-SiO; da3osbiii cocTas
WNaKa nepemectunca M3 obnactv AByXKa/sbLMEBOro CWAMKaTa B 06/1acTb resfieHuTa, Y4TO MO3BOAMUA
MoMy4UTb He paccbinatowmecs Wwnaku. Boobasok m3-3a BbICOKOM akTMBHOCTU PACX (rae, S = Si + Al >
60%) OCHOBHOCTb LWNaKa yAanocb noAanepmsaTb Ha yposHe Ca0/SiO; = 1,6-1,7, npotus K 2. Mo
pesynbTaTam pacyeTa TennoBoro 6anaHca YCTaHOB/AEHO, YTO MCMO/Ib30BaHWE KOMMIEKCHOro
BoccTaHoBUTEN DACX NPUBOAUT K YMEHbLUEHWUIO pacxoda 3/1eKTposHeprumn Ha 24%. Huskuid pacxos
3/1EKTPO3HEPTUM MO CPABHEHUIO C KACCUYECKON TexHoornen obbacHAeTCA Hannunem B coctase PACX
ABYX aKTUBHWX 3/1IEMEHTOB, KPEMHUA U aNtOMUHUA. Takum 06pasom, KOAMYecTBO BHOCMMOro Tenna
3K30TEPMUYECKMMM peakumammn npeobnagaer ¢ Ten10mM BHOCUMOMW 3NEKTPUYECKON SHEpruen.
Kniouesbie cnoea: paduHUpoBaHHbIV Geppoxpom, astoMOCUINKOXPOM, BOCCTaHOBUTENb, dpeppocnnas,
maTepuanbHblit 6banaHc.
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