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ABSTRACT 

The article presents the results of studies on the influence of time, the amount of steel shavings and coke 

on the electric melting of ferrosilicon manganese dusts to obtain a ferroalloy. The research was carried out 

by the method of rotational planning of the second order (Box-Hunter plans) and by electric smelting of 

dust in laboratory ore-thermal arc furnace. Dust from the production of ferromanganese by LLP Taraz 

Metallurgical Plant, coke and steel shavings were used during the research. It was determined that to 

achieve αSi≥70%the process must be carried out in the presence of 25% coke and 8.1-9% steel shavings 

from the mass of dust for 55.8-60 minutes, to achieve αMn in an alloy of 80-85% the process must be 

carried out in the presence of 25% coke, 5.7-9.0% steel shavings for 41.2-54.4 minutes. When melting the 

charge containing 75.2% of dust, 18.8% of coke, 6% of steel shavings, within 60 minutes the weight of the 

ferroalloy was 258 g (38.8% of the weight of the charge or 51.6% of the weight of dust). The degree of 

extraction of manganese into the alloy was 82.3%, silicon - 66.1%. The resulting ferroalloy belongs to 

ferrosilicon manganese of the FeMnSi12 grade. 
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Introduction 

Ferrosilicon manganese is an iron alloy based 
on manganese (at least 60%) and silicon (from 10 to 
35%) used for deoxidation and alloying of steel, 
alloys, cast iron, and the production of refined 
manganese alloys [1]. In most countries, 
ferrosilicon manganese is still smelted in blast 
furnaces [2]. The essence of this process is the 
melting of manganese ores or their concentrates 
and iron-containing components to produce 
ferrosilicon-manganese and refractory slags [3]. 
Another share of ferrosilicon manganese smelting is 
accounted for ore-thermal furnaces [4-8]. The main 

manganese-containing raw materials are 
manganese ores and concentrates, quartzite is used 
as a silica-containing component, and iron-
containing components are metal additives, pellets, 
iron chips, etc. [1, 9]. 

In 2020, Kazakhstan produced 122797 tons of 
ferrosilicon manganese, which was obtained in the 
Zhambyl region, Karaganda, Pavlodar and the city 
of Shymkent [10]. Half of the ferrosilicon 
manganese produced goes to the Russian market 
(28% of the ferrosilicon manganese imported by 
Russia comes from Kazakhstan alloy) [11]. 

An unavoidable waste in the production of 
ferrosilicon manganese is dust formed as a result of 
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evaporation and sublimation of the main elements 
and their volatile compounds, as well as due to 
mechanical entrainment of the charge components 
[12-14]. For the purpose of processing and 
utilization of ferrosilicon manganese dusts, they are 
usually included in the composition of the charge 
for reuse in the technological process [15], and 
hydrometallurgical processing is also proposed [16]. 
The results of thermodynamic studies and 
exploratory experiments on dust processing by 
«Taraz Metallurgical Plant» LLP were published 
earlier [17, 18]. The article presents the results of 
research on the effect of time, the amount of steel 
chips and coke on the electric melting of 
ferrosilicon manganese dusts to produce a 
ferroalloy. 

Experimental part 

The studies were carried out by the method 
of rotatable planning of the second order (Box-
Hunter plans) and electric melting of dust in a 
laboratory ore-thermal arc furnace. 

Electric melting of the charge was carried out 
in a single-electrode arc furnace lined with 
chromomagnesite bricks. The hearth electrode was 
made of a graphite block. A graphite crucible 
(d=6cm, h=12cm) was placed on the plate. The 
space between the crucible and the lining was filled 
with graphite chips. The furnace in the upper part 
was closed with a removable lid with holes for the 
graphite electrode (d = 3 cm) and the gas outlet. 
Before melting, the crucible was heated with an arc 
for 20-25 minutes at a current of 250-300A and a 
voltage of 45-55V. After that, the first batch of 
charge (200 – 230g) was loaded into the crucible. It 
was melted for 3-5 minutes, then the remaining 
part of the charge (200 – 250g) was loaded and 
melted for the required time. During the melting 
period, the current was 350-450A, the voltage was 
25-30V. The electric power was supplied to the 
furnace from the transformer TDZhF-1002. The 
required power was maintained by a thyristor 
regulator. The current was monitored with a 
Tangen 42L6 ammeter (accuracy class 1.5), and the 
voltage was monitored with a Chint 42L6 voltmeter 
(accuracy class 1.5). After electric melting, the 
furnace was cooled for 6 hours. The graphite 
crucible was removed from the furnace and broken. 
The ferroalloy was weighed and analyzed using 
scanning electron microscopy and atomic 
adsorption method on the AAS-1 device (Germany) 
for silicon, manganese, and iron. 

Before melting, the dust was pelletized with 
a 5% solution of bentonite clay. Drying of "wet" 

pellets was carried out at 250 0C for 30 minutes. 
From Table 1, it can be seen that from a height of 
0.5 m, the pellet does not collapse with 11 drops, 7 
times-from a height of 1m, 2 times - from a height 
of 2m. 

Table 1 - Dynamic strength of granules 

Drop height, m 0,5 1,0 1,5 2,0 2,5 

Number of non-
destructive drops 

11,0 7,0 3,0 2,0 1 

During the research, dust from the 
production of ferromanganese of «Taraz 
Metallurgical Plant» LLP was used with the content: 
53,3% MnO, 24,0%  SiO2, 5,4% MgO, 9,6% CaO, 
3,8% Al2O3, 1,5% Fe2O3, 1,8% ZnO, 0,6% PbO, as 
well as coke (85,7%С, 5.2%SiO2, 2.1%Fe2O3, 
2.0%Al2O3, 1.6%CaO, 0.4%MgO, 0.8%H2O, 5.0%FeO) 
and steel chips containing 2,1%С, 0,4%S, 97.1%Fe, 
0.4% others. 

Discussion of results 

Figure 1 shows the effect of the time of 
electric melting of dusts together with 25% of coke 
and 7% of steel chips (from the mass of dust) on 
the degree of extraction of manganese and silicon 
into the alloy. 

Figure 1 - Effect of time on the degree of extraction of 
Mn and Si in the alloy 

It can be seen that, regardless of the time 
αMn>αSi. In 60 minutes, the degree of transition of 
silicon to the alloy was 64,0%, and αMn-84,2%. 

Figure 2 provides information on the effect 
of the melting time and the amount of steel chips 
on the αMnandαSi, which shows that the αMn and 
especially theαSiare greatly influenced by the 
amount of steel chips. At 60 minutes of melting, an 
increase of 3 to 9% of the steel chips increases 
theαMnfrom 82,4 to 86,0%, and theαSi -from 56,0 
to 72,0%. 
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1-3% steel shavings   2-9% steel shavings 

Figure 2 - Effect of the melting time and the amount of 
steel chips on the degree of Si and Mn recovery in the 

alloy 

To determine the optimal time of electric 
melting, the amount of steel chips at αMnand 
αSithe studies were carried out by the method of 
rotatable planning of experiments (Box-Hunter 
plan), followed by the construction of three-
dimensional and planar images [19]. Table 2 shows 
the planning matrix and the experimental results of 
the influence of steel chips (Сh., %, by weight of 
dust) and coke (Coke, %, by weight of dust) on the 
degree of extraction of Mn and Si in the alloy. 

Table 2 - Planning matrix and results of electric melting 
of ferrosilicon manganese dust on the effect of steel 
chips and coke on the degree of extraction of 
manganese and silicon in the alloy 

№ 

Variables 

αSi, 
% 

αMn, 
% 

Encoded view Natural look 

Х1 Х2 Ch, % 
Coke, 
% 

1 -1 -1 3,9 17,9 42.6 60.7 

2 1 -1 8,1 17,9 50.6 74 

3 -1 1 3,9 32,1 71.7 86.3 

4 1 1 8,1 32,1 77.7 94.1 

5 1.41 0 9 25 59.3 91 

6 -1.41 0 3 25 54.4 76.3 

7 0 1.41 6 35 79.8 93 

8 0 -1.41 6 15 33.3 59.4 

9 0 0 6 25 66 83 

10 0 0 6 25 64.7 83.8 

11 0 0 6 25 64.1 84 

12 0 0 6 25 62.8 84.6 

13 0 0 6 25 62 84.9 

Based on the data in the table, the regression 
equations αSi=f (Ch, Coke) and αMn= f (Ch, Coke): 

αSi=-56,477+9,015∙Ch+5,022∙Coke-5,776∙10-1∙Ch2-

5,535∙10-2∙Coke2-3,353∙10-2∙Ch∙Coke          (1) 

αMn=42,07+6,139∙Ch+6,377∙Coke-1,111∙10-1∙Ch2-

8,376∙10-2∙Coke2-9,222∙10-2∙Ch∙Coke           (2) 

On the basis of relations (1) and (2) according 
to [20], volumetric and planar images of the 
dependences αSi=f (Ch, Coke) and αMn= f (Ch, 
Coke) are constructed (Figure 3, 4). 

А   B 

 А- volumetric images, В- planar images 
Numbers on the lines- αSi, % 

Figure 3 - Influence of steel chips and coke on the degree 

of silicon recovery in the alloy 

А    B 

 А- volumetric images, В- planar images 
Numbers on the lines- αMn, % 

Figure 4 - Effect of steel chips and coke on the degree of 
manganese recovery in the alloy 

Figure 3 shows that within 60 min αSi from 
60 to 80,3% (shaded area) 3-9% of steel shavings 
and 22.7-35% of coke from the mass of dust are 
noted. Manganese is reduced better thansilicon 
(Fig. 4). αMn 85-93.1% (shaded area) is possible 
with 3-9% steel shavings and 21.6-35% by weight of 
dust. Table 3 shows the experiment planning matrix 
and their results on the effect of time (τ, min) and 
steel chips (Ch, % of the dust mass) on the degree 
of extraction of manganese and silicon into the 
ferroalloy. This series of experiments was 
conducted in the presence of 25% coke. 
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Table 3 - Planning matrix and results of electric melting 
of ferrosilicon manganese dust on the effect of steel 
chips and time on the degree of extraction of manganese 
and silicon into thealloy 

№ 

Variables 
αSi, 
% 

αMn, 
% 

Encoded view Natural look 

Х1 Х2 τ, min Ch, % 

1 -1 -1 34 3,9 32.5 56.8 

2 1 -1 56 3,9 56.4 82.5 

3 -1 1 34 8,1 27.7 66.7 

4 1 1 56 8,1 67.2 85.0 

5 1.41 0 60 6 64.8 84.2 

6 -1.41 0 30 6 21.7 41.6 

7 0 1.41 45 9 59.0 83.3 

8 0 -1.41 45 3 49.3 75.0 

9 0 0 45 6 54.0 79.0 

10 0 0 45 6 54.9 81.9 

11 0 0 45 6 55.4 79.5 

12 0 0 45 6 55.2 81.4 

13 0 0 45 6 56.0 82.0 

Using the data in Table 3, the regression equations 
αSi=f (Ch, τ) andαMn= f (Ch, τ): 

αSi=-90,063+5,32∙τ-3,26∙Ch-5,463∙10-2∙τ2-2,64∙10-

1∙Ch+1,68∙10-1∙τ∙Ch;  (3) 

αMn=-148,039+7,986∙τ+6,05∙Ch-7,023∙10-2∙τ2-

8,48∙10-2∙Ch2-8,008∙10-2∙τ∙Ch.  (4) 

Based on equations 3 and 4, volumetric and 
horizontal images of the dependence [20] αSi=f (Ch, 
τ) and αMn= f (Ch, τ) are constructed (Figure 5, 6). 

А                                                            Б 

 А- volumetricimages, В- planar images 
Numbers on the lines- αSi, % 

Figure 5-Effect of steel chips and time on the degree of 
silicon recovery in the alloy 

А    Б 

А- volumetricimages, В- planar images 
Numbers on the lines- αMn, % 

Figure 6-Effect of steel chips and time on the degree of 
manganese recovery in the alloy 

Figure 5 shows the effect of the melting time 
and the amount of steel chips on the αSiin the 
alloy. It can be seen that in order to achieve 
αSi≥70% the process in the presence of 25% coke 
must be carried out for 55.8-60 minutes in the 
presence of 8.1-9% steel chips, and in order to 
achieve αMnin the alloy of 80-85% (Figure 6 
(shaded area), the process must be carried out in 
the presence of 25% coke, 5.7-9.0% steel chips 
from the dust mass for 41.2-54.4 minutes. 

The mass of the ferroalloy obtained by 
melting 665g of the charge for 60 minutes (Figure 
7, Table 4), containing 500g of dust, 125g of coke, 
40g of steel chips, was 258g (38.8% of the charge 
weight or 51.6% of the dust weight). The degree of 
extraction of manganese in the alloy was 82.3%, 
silicon 66.1%. The ferroalloy contained 65%Mn, 
14,9%Si, 3,6%C, 14,1%Fe and 1,3% others. 
According to [21], the resulting ferroalloy belongs 
to ferrosilicon manganese of the FeMnSi12 brand. 

Figure 7 - Photo of a ferroalloy sample 

Table 4 - Elemental composition of a ferroalloy sample 
obtained by a scanning electron microscope 

Element C F Na Mg Al Si S 

Weight class, % 2.79 1.3 0.56 0.74 1.25 14.50 0.80 

Element K Ca Ti Cr Mn Fe 

Weight class, % 1.21 0.69 0.26 1.27 61.06 13.57 

Conclusions 

Based on the results obtained on the study of 
the influence of the time of electric melting, the 
amount of steel chips and coke on the electric 
melting of dusts produced by ferrosilicon 
manganese, the following conclusions can be 
drawn: 

- to achieve αSi≥70% the process must be 
carried out in the presence of 25% coke and 8.1-9% 
steel chips from the dust mass for 55.8-60 minutes, 
and to achieve an αMn of 80-85% alloy, the process 
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must be carried out in the presence of 25% coke, 
5.7-9.0% steel chips for 41.2-54.4 minutes. 

- when melting a charge containing 75.2% of 
dust, 18.8% of coke, 6% of steel chips, for 60 
minutes, the mass of the ferroalloy was 258 g 
(38.8% of the mass of the charge or 51.6% of the 
mass of dust). The degree of extraction of 

manganese in the alloy was 82.3%, silicon 66.1%. 
The resulting ferroalloy belongs to the ferrosilicon 
manganese of the FeMnSi12 brand. 
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Ферросиликомарганец өндірісінің шаңдарынан ферроқорытпа алу 
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Қабылданды: 03 тамыз 2021 

ТҮЙІНДЕМЕ 

Мақалада ферроқорытпа алынатын ферросиликомарганецті шаңдардың электр 

балқымасына уақыттың, болат жоңқалары мен кокс мөлшерінің әсері бойынша 

зерттеулердің нәтижелері келтірілген. Зерттеулер екінші ретті рототабельді жоспарлау 

әдісімен (Бокс-Хантер жоспарлары) және зертханалық кен-термиялық доғалы пеште 

шаңды электрлі балқыту арқылы жүргізілді. Зерттеулерді жүргізу барысында «Тараз 

металлургиялық зауыты» ЖШС-нің ферромарганец өндірісіндегі шаң, кокс және болат 

жоңқалары қолданылды. Үрдісті жүргізгенде αSi≥70% жету үшін шаң массасының 25,8% 

кокс және 8,1-9% болат үгінділерінен тұратын мөлшері 55,8-60 минут ішінде 

балқытылатыны, ал αMn қорытпасы  80-85%-ға жету үшін үрдісті 25% кокс, 5,7-9,0% болат 

жоңқалар қатысуымен 41,2-54,4 минут ішінде жүргізу керек екендігі анықталды.  

Құрамында 75,2% шаң, 18,8% кокс, 6% болат жоңқасы бар шихтаны 60 минут ішінде 

балқытқан кезде ферроқорытпаның салмағы 258 г-ды құрады (шихтаның салмағынан 38,8% 

немесе шаңның салмағынан 51,6%). Марганецтің қорытпаға өту дәрежесі 82,3%, 

кремнийдің - 66,1% болды. Алынған ферроқорытпа FeMnSi12 маркалы 

ферросиликомарганецке жатады. 

Түйін сөздер: шаң, ферросиликомарганец, болат жоңқалар, кокс, электрлі балқыту. 
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АННОТАЦИЯ 

В статье приводятся результаты исследований по влиянию времени, количества стальной 

стружки и кокса на электроплавку пылей ферросиликомарганца с получением 

ферросплава. Исследования проводили методом рототабельного планирования второго 

порядка (планы Бокса-Хантера) и электроплавкой пылей в лабораторной 

руднотермической дуговой печи. При проведении исследований использовали пыль 

производства ферромарганца ТОО «Таразский металлургический завод», кокс и стальную 

стружку. Установлено, что для достижения αSi≥70% процесс необходимо проводить в 

присутствии 25% кокса и 8,1 - 9% стальной стружки от массы пыли в течение 55,8-60 минут, 

а для достижения αMn в сплав 80 - 85% процесс необходимо проводить в присутствии 25% 

кокса, 5,7 - 9,0% стальной стружки в течение 41,2 - 54,4 мин. При плавке шихты, 

содержащей 75,2% пыли, 18,8% кокса, 6% стальной стружки, в течение 60 мин масса 

ферросплава составила 258г (38,8% от массы шихты или 51,6% от массы пыли). Степень 

извлечения марганца в сплав составила 82,3%, кремния 66,1%. Полученный ферросплав  

относится  к ферросиликомарганцу  марки FeMnSi12. 

Ключевые слова: пыль, ферросиликомарганец, стальная стружка, кокс, электроплавка. 
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