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Abstract. The Bakal siderites belong to low-grade refractory carbonate iron ores. The low content of phosphorus and non-ferrous metals makes siderites
a valuable raw material for obtaining highly metallized concentrate suitable for use in steelmaking processes. Reduction of siderites in a rotary furnace
at 1300 — 1350 °C followed by magnetic separation of waste rock allows to obtain a concentrate with metallization degree over 90 % and a content
of waste rock of about 5 % suitable for steelmaking as raw materials. The purpose of this work is to evaluate the efficiency of the process aimed
at obtaining metal from siderite ore including obtaining of highly metallized siderite concentrate in a recovery furnace, as well as its hot loading
into ore-thermal furnace and melting process itself. To do this, the electric melting was calculated in the electric ore melting furnace providing for
determination of a large number of parameters including the electricity consumption required for melting. As raw materials we used a highly metallized
siderite concentrate (¢, = 92.3 %) containing 35 % of waste rock and, for comparison, a briquetted metallized siderite concentrate obtained from
a lump concentrate in which a significant amount of waste rock was removed by wet magnetic separation. The results analysis shows that increase in
concentrate temperatures from 25 to 1000 °C decreases specific energy consumption and at the same time increases the furnace productivity to values
comparable to the parameters of melting briquetted concentrate. This confirms the efficiency of the developed process. To reduce the melting point
of high-magnesium slag, it is proposed to use colemanite as flux.
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AnHomayus. bakanbckue CHIEPUTHI OTHOCSATCSI K O€IHBIM, TPYAHOOOOTaTUMBIM KapOOHATHBIM JKeJie3HbIM pyaaM. Huskoe comepxkanue docdopa
M UBETHBIX METAJJIOB JENACT CHICPUTHI IICHHBIM CBIPHEM IS MOITYYCHHs BBICOKOMETAIM3UPOBAHHOIO KOHILEHTpATa, MPUTOIHOTO IS
HCIOJNB30BaHMsl B CTaJeIJIaBHIBHBIX Ipoleccax. Boccranopnenue cuaepuToB Bo Bparmatouieiics neun npu 1300 — 1350 °C ¢ mocneayrommm
OTIEJICHHEM ITyCTON MOPOJIbI METOIOM MarHUTHOMN Cenaparyy MO3BOJISIET MOTYyYHTh B KAUYECTBE ChIPhSI KOHLIGHTPAT CO CTEHECHBIO METAJUIU3ALIMN
6onee 90 % M copepkaHUEM ITyCTOH MOPOIBI OKOJIO 5 %, MPUTOIHBIA ISl BBIIUIABKU cTaiu. Llenb naHHO# paboThl — oleHUTb Y(PPEKTHBHOCTD
mpolecca MOJTydYeHHs MeTajula U3 CHICPUTOBOW PY/bI, BKJIIOYAIOIIETO IOJYYSHHE BBICOKOMETAJUIM30BAHHOTO CHJCPHUTOBOIO KOHIEHTpATa
B BOCCTAQHOBHTENILHOM I€UH, @ TAKXKE €ro ropsuyio 3arpy3ky B pyAHOTEPMHYECKYIO I€Ub M CaM MPOLecC MUIaBKH. s 3TOro npousseaeH pacuer
9NIEKTPOIUIABKH B HJICKTPHYECKOH PYTHOTEPMUYCSCKON MEUH, TIO3BOJISIIOLINI OMPEIeIUTh OOJIBIIOE KOJIUYESCTBO TaPaMETPOB, B TOM YHCIIE PACXOL
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DJICKTPOdHEPIUHU, HeO6X0ﬂHMBIﬁ JUIs 1U1aBKku. B kadecTBe HUCXOAHBIX MaTCpUaJiOB UCIIOJIB30BAIN KyCKOBOf/'I MeTaJ’[J’[HBHpOBaHHHﬁ CH}IepHTOBBIﬁ

KOHIEHTpaT (@, .

=92,3 %), conepxamuit 35 % mycroit mopozasl. [l cpaBHEHUs B3AT OPUKETHPOBAHHBINA METAJIN3UPOBAHHBIN CHIEPUTOBBIH

KOHLICHTPAT, IOJIyYEeHHBIH U3 KyCKOBOTO KOHLIEHTpATa, B KOTOPOM 3HAYUTENILHOE KOJIMYECTBO ITyCTOH MOPOIbI Y1aJIeHO METO0M MOKPOH MarHUTHOM
cemapanuy. AHAIN3 Pe3y/IbTaTOB IOKAa3bIBAET, YTO IMOBBIIICHHE TEMIIEPATyphl KycKOBOTo KoHIEHTpara oT 25 mo 1000 °C cHmkaeT ynenbHbIE
9HEPro3aTpaThl U OAHOBPEMEHHO YBEIMYUBACT NPOU3BOJUTEILHOCTD TI€UH 10 3HAYEHUH, CPABHUMBIX C TIapaMeTpaMH IIaBKH OpPUKETHPOBAHHOTO
KOHIIEHTpaTa. JTO MOATBEPKIaeT 3P(HEKTHBHOCTD MpeaIaraeMoro mpouecca. s CHIDKCHHUS TeMIIepaTyphl IIaBICHUS BEICOKOMATrHE3HAIbHBIX

IJIAKOB B Ka4YCCTBC (i)J'ﬂOC& TNPEIOKCHO HUCIIOJIb30BaTh KOJIEMAaHHUT.

Knatoueswle c108a: xene30pynHoe ChIpbe, OaKaabCKUe CHACPUTHI, 000TAICHHE PY/IbL, METAUTH3ALINS, KOHLECHTPAT, CKTPOIUTABKa, KOICMaHHT

BaazodapHocmu: Pabota BbinosHeHa pu nojaepxke Poccuiickoro HayuHoro ¢onza, mpoekT Ne 22-29-00400.
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- INTRODUCTION

The Bakal group of deposits, situated in the Chelya-
binsk region, holds siderites categorized as low-grade
refractory carbonate iron ores. Predominantly composed
of sideroplesite and pistomesite, these ores comprise
iron, magnesium, and manganese carbonate solid solu-
tions. Complementing these minerals are barren compo-
nents such as quartz-clay slates, dolomites, dolomitized
limestones, diabases, and quartzites [1 — 4].

Siderites, characterized by their low phosphorus con-
tent, absence of non-ferrous metals like copper and zinc,
and inclusion of manganese, stand as valuable resources
for yielding high-metal concentrates suitable for steel-
making processes [5; 6]. Various process solutions have
been devised for their production.

Pyrometallurgical techniques for processing low-
grade iron ores, involving metallization with a solid
reducing agent within rotary furnaces followed by waste
rock separation through grinding and magnetic proce-
dures, are widely employed in global industrial prac-
tice [7 — 11]. The refractory nature of siderite waste rock
permits operation at temperatures ranging from 1300
to 1350 °C. This facilitates the enlargement of iron grains
and significantly enhances their extraction into the con-
centrate through magnetic separation. In this process,
a product boasting a metallization degree exceeding
90 % is achieved, containing approximately 5 % waste
rock primarily composed of magnesium oxide [12; 13].
The preliminary removal of easily fusible slates enables
processing in heavy media [14], where during separation,
the lighter fraction of waste rock floats atop the suspen-
sion and is subsequently removed.

The metallurgical plants in the Ural region are cur-
rently facing a severe shortage of iron ore resources,
necessitating their importation from other regions
of the country [15— 17]. Consequently, ensuring steel-
making production with a high-quality metal charge
becomes a crucial objective. Therefore, there is an urgent
need to evaluate the potential utilization of metallized
concentrate derived from Bakal siderites through direct
reduction as a resource for electric steelmaking furnaces.
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In the majority of coke-free metallurgy technologies,
the final product designated for electric steelmaking typi-
cally consists 0f 90 — 93 % iron with a metallization degree
ranging from 92 -95%, alongside 3-5% waste
rock [18; 19]. As the proportion of waste rock increases,
furnace yield and productivity decline, while power con-
sumption rises. However, it is recognized that elevating
the temperature of the loaded resources leads to a signifi-
cant reduction in power consumption of the arc furnace,
electrodes, and refractory materials, while simultaneously
enhancing furnace productivity [19].

Hence, the objective of this study is to assess the effi-
ciency of utilizing metallized siderite concentrate within
an ore-thermal furnace.

[ MATERIALS AND METHODS

The methodology for calculation and the software
module developed for determining the technical and eco-
nomic indicators of smelting in an ore-thermal furnace
comprise a data input block, encompassing:

— chemical composition of charge materials;
— fluxing and fuel additives;
— furnace operation settings.

The electric smelting calculation in an ore-thermal
furnace entails:

— determining metal and slag yield;

— assessing the chemical composition of the final slag
with specified basicity or iron monoxide content;

— estimating the final metal temperature;

— designing sulfur content in the metal;

— analyzing the composition of flue gas;

— calculating mass and heat balances of the process;
— evaluating process production costs.

The developed software module, accessible in interac-
tive mode, enables the user to:

— enter and edit information, as well as input data
for calculations, with the ability to select and sort based
on displayed edit fields;


https://fermet.misis.ru/index.php/jour/search/?subject=железорудное сырье
https://fermet.misis.ru/index.php/jour/search/?subject=бакальские сидериты
https://fermet.misis.ru/index.php/jour/search/?subject=обогащение руды
https://fermet.misis.ru/index.php/jour/search/?subject=металлизация
https://fermet.misis.ru/index.php/jour/search/?subject=концентрат
https://fermet.misis.ru/index.php/jour/search/?subject=электроплавка
https://fermet.misis.ru/index.php/jour/search/?subject=колеманит

I1ZVESTIYA. FERROUS METALLURGY. 2023;66(6):653-658.
Vusikhis A.S., Leont’ev L.I, Chesnokov Yu.A. Evaluating the efficiency of metallized siderite concentrate electric melting

Table 1
Chemical composition of metallized siderites, wt. %
Tabnuya 1. XuMU4ecKUi cOCTaB MeTAJLIN30BAHHBIX CHAEPUTOB, % (110 Macce)
Description C |Fe,| S P | CaO | SiO, | MgO | MnO | FeO | ALO, | ¢,
Metallized concentrate (lump) 0.90 | 57.07 | 0.14 | 0.03 | 3.49 | 12.89 | 14.34 | 3.28 | 6.12 | 1.77 | 923
Metallized concentrate (briquette) | 0.21 | 83.58 | 0.12 | 0.04 | 0.44 | 0.92 | 3.01 | 0.38 | 11.06 | 0.24 | 90.7

— quickly add new input data by copying and editing
existing records;

—archive and print both input data and calcula-
tion results, while also providing authorized access
to the software module.

To determine the chemical composition of the initial
materials used in the calculations, experimental modeling
of the siderite metallization process in a rotary furnace
was conducted. A graphite crucible containing raw side-
rite lumps ranging from 10 to 40 mm in size, along with
breeze coke filler sized between 0 and 5 mm, was placed
in a Tamman furnace heated to a temperature of 1300 °C.
The setup was maintained under specified conditions for
2 h before being cooled down with the furnace. This pro-
cess resulted in the formation of a metallized concentrate
(in lump form). Subsequently, a portion of the metallized
concentrate lumps underwent grinding and wet magnetic
separation to produce a product suitable for smelting in
an electric furnace in the form of briquettes, referred to as
metallized concentrate (briquette). The compositions
of these materials are outlined in Table 1.

The temperature at which the concentrate (metallized
concentrate in lump form) was loaded into the furnace
after reducing roasting varied within the range of 25
to 1000 °C. The concentrate (metalized concentrate in
briquette from) was loaded at 25 °C.

[ RESULTS AND DISCUSSION

Variants of calculations of melting indicators in
an ore-thermal furnace with the use of lump metallized
siderite concentrate loaded into the furnace at tempera-
tures of 25 — 1000 °C as an initial resource, all other con-
ditions being equal, are given in Table 2.

Graphical interpretation of the effect of tempera-
ture of the lump metallized siderite concentrate loaded
into a furnace on the productivity and specific power con-
sumption for melting is given in the Figure.

The analysis of the obtained results shows that the use
of highly heated lump metallized siderite concentrate is
one of the important process measures to increase the effi-
ciency of its electric smelting. When the temperature
of the material increases in the range from 25 to 1000 °C,
the specific power consumption decreases and the fur-
nace productivity increases.

Table 3 presents calculations comparing the melting
indicators in an ore-thermal furnace using a briquetted
metallized siderite concentrate loaded at a temperature

Table 2

Indicators of melting in ore-thermal furnace

Tabnuya 2. Iloka3areau IVIABKH B PYAHOTePMHYECKOI Meun

Indicator 25°C | 100 °C | 500 °C | 1000°C

Furnace capacity, MVA 16.5
S:;;‘;‘;f;lt‘s’nk;f/t‘fl‘;;’fe 1681.8 | 1681.8 | 1681.8 | 1681.8
1(\145&1)1)1252/: ONOEtIate 16818 | 16818 | 16818 | 16818
Dust output, kg/t metal 46.8 46.8 46.8 46.8
Metal losses, kg/t metal 10.0 10.0 10.0 10.0
E;f;oefaelconsump“"“’ 202 | 202 | 202 | 202
Metal composition, %

Si 0.40 0.40 0.40 0.40

Mn 1.24 1.24 1.24 1.24

P 0.03 | 0.03 | 0.03 0.03

S 0.005 | 0.005 | 0.005 | 0.005

C 0.10 0.10 0.10 0.10
Metal temperature, °C 1600 | 1600 | 1600 | 1600
Slag output, kg/t metal 579.8 | 579.8 | 579.8 | 579.8
Slag composition, %

Sio, 34.58 | 34.58 | 34.58 | 34.58

MgO 40.36 | 40.36 | 40.36 | 40.36

ALO, 489 | 489 | 489 | 489

MnO 5.32 5.32 5.32 5.32

FeO 5.00 | 5.00 | 5.00 5.00
Basicity of slag, CaO/SiO, | 0.28 0.28 0.28 0.28
Heat losses, % 35.0 35.0 35.0 35.0
Material balance, kg

Receipt 1678.2 | 1678.2 | 1678.2 | 1678.2

Consumption 1678.1 | 1678.1 | 1678.1 | 1678.1
E&‘]’Y f; f;ﬁ;“mpt‘on’ 1271.2 | 1229.2 | 1005.2 | 725.1
E;rt‘;?ghp‘“ capacity, ¥day | 313 | 2302 | 2925 | 4055
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Influence of initial temperature of metallized siderite (MS)
on parameters of ore-thermal smelting:
1 —power consumption; 2 — furnace performance

Biusinue HauanbHOH TeMneparypbl MeTamu3oBanHoro cuaepura (MC)
Ha [apaMeTpbl PyJIHOTEPMHYECKOH TJIaBKH:
1 — pacxo/l HIEKTPOIHEPIUur; 2 — MPOU3BOIUTEIBHOCTD IIEUN

of 25 °C as feedstock, with all other conditions held con-
stant. Additionally, the data obtained, along with the cal-
culated melting indicators of the lump metallized siderite
concentrate loaded at 1000 °C, are provided.

An analysis of the data reveals that feeding a lump
metallized siderite concentrate directly into an ore-ther-
mal furnace immediately after discharge from the rotary
furnace at temperatures exceeding 1000 °C (similar
to the technology employed in processing titanomag-
netites of the Bushveld complex in roasting furnaces
with loading of a hot stub end into the ore-thermal fur-
nace [20]), proves to be more efficient compared to melt-
ing a briquetted metallized siderite concentrate produced
through the pyrometallurgical processing of siderites as
described in [6; 12; 13].

Consequently, the pyrometallurgical processing tech-
nology eliminates the need for operations such as grind-
ing, magnetic separation for waste rock removal, as well
as drying and briquetting, thereby significantly reducing
the product’s overall cost.

The calculations demonstrate that the melting pro-
cess yields slag with a high magnesium oxide content,
characterized by a high melting temperature. However,
the addition of material containing boron, such as cole-
manite [21], to high-magnesia steelmaking slags signifi-
cantly reduces their melting point.

[ ConcLusions

The direct loading of lump metallized siderite con-
centrate into the electric furnace from the reducing fur-
nace in a hot state (at temperatures exceeding 1000 °C)
proves to be an effective method for melting and produc-
ing metal — a semi-product suitable for subsequent steel
production. To ensure adequate fluidity of the high-mag-
nesia slag at outlet temperatures, the addition of boron-
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Table 3

Comparative indicators of melting
in ore-thermal furnace

Tabnuya 3. CpaBHUTEbHbIE OKA3aTEIN MJIABKH
B PYAHOTEPMHYECKOH meqyn

Indicator 1000 °C | 25 °C

Furnace capacity, MVA 16.5
rCn(:;;lumption of iron-ore components, kg/t 16818 | 1114.1
Metallized concentrate (lump), kg/t metal 1681.8 0
x:s:lllized concentrate (briquette), kg/t 0 1114.1
Dust output, kg/t metal 46.8 27.2
Metal losses, kg/t metal 10.0 10.0
Electrode consumption, kg/t metal 20.2 20.2
Metal composition, %

Si 0.40 0.20

Mn 1.24 0.18

P 0.03 0.02

S 0.005 | 0.008

C 0.10 0.10
Metal temperature, °C 1600 1600
Slag output, kg/t metal 579.8 45.7
Slag composition, %

SiO, 3458 | 12.30

MgO 40.36 | 66.07

AlO, 4.89 4.29

MnO 5.32 0.76

FeO 5.00 5.01
Basicity of slag, CaO/SiO, 0.28 0.89
Heat losses, % 35.0 35.0
Material balance, kg

Receipt 1678.2 | 1132.1

Consumption 1678.1 | 1132.0
Power consumption, kW-h/t sold 725.1 | 773.4
Throughput capacity, t/day metal 405.5 | 380.2

containing materials, such as colemanite, to the charge
becomes necessary.
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