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Аннотация. На электролитической модели авторы исследовали работу ферросплавной печи при увеличении диаметра электродов и повы-

шении мощности. В качестве рабочего тела использовали традиционный водный раствор c концентрацией 0,2 % NaCl. Диаметр элек-
тродов увеличивали от 30 до 150 мм. Параметры печей мощностью от 7,5 – 10,5 до 81 МВ·А при выплавке ферросилиция соответст-
вуют результатам опытов моделирования, которые были подтверждены при выплавке 45 %-ного ферросилиция в промышленных печах 
с аналогичными относительными технологическими параметрами. Вид зависимости снижения сопротивления ванны от увеличения 
диаметра электродов для промышленных ферросплавных печей аналогичен зависимости, полученной в результате опытов по моделиро-
ванию. Фактор значительного снижения сопротивления ванны от увеличения диаметра электрода для ферросплавных печей различной 
мощности при выплавке одного сплава имеет весьма существенное значение. При увеличении силы тока электрода снижаются электри-
ческий КПД, коэффициент мощности печи и доля активной мощности в ванне технологического процесса. Проведенный анализ пара-
метров печей при выплавке 45 %-ного ферросилиция подтверждает выводы электролитического моделирования ферросплавных печей 
о значительной роли увеличения диаметра электродов печей в снижении активного сопротивления ванны. 
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циент мощности
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Abstract. Using an electrolytic model, the authors investigated the operation of a ferroalloy furnace with increased electrode diameters and power. 

A traditional aqueous solution with a concentration of 0.2 % NaCl was used as the working fluid. Diameter of the electrodes was increased from 30 
to 150 mm. The parameters of furnaces with a capacity from 7.5 – 10.5 to 81 MV·A during ferrosilicon smelting correspond to the results of simula-
tion experiments, which were confirmed during the smelting of 45 % ferrosilicon in industrial furnaces with similar relative technological parameters. 
The type of dependence of the decrease in bath resistance on the increase in electrode diameter for industrial ferroalloy furnaces is similar to the depen-
dence obtained as a result of modeling experiments. The factor of a significant decrease in the bath resistance due to an increase in electrode 
diameter for ferroalloy furnaces of different capacities during the smelting of a single alloy is very significant. With an increase in current strength 
of the electrode, electrical efficiency, the furnace power factor and the share of active power in the bath decrease. Analysis of the furnace parameters 
during smelting of 45 % ferrosilicon confirms the conclusions of electrolytic modeling of ferroalloy furnaces about the significant role of increasing 
the diameter of furnace electrodes in reducing the bath active resistance. 
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 Introduction

Studies of  ferroalloy electric furnace models have 
a  long history and continue in a number of  research 
works aimed at improving the arc model in three-phase 
furnaces  [1] and achieving effective heat distribution in 
closed-arc baths  [2]. In  [3], comprehensive modeling 
of  furnace operation during ferronickel smelting was 
carried out. Several domestic studies have investigated: 
charge melting models in six-electrode furnaces [4]; fur-
nace control models with maintenance of slag bath resis-
tance  [5]; and favorable current distribution in  multi-
electrode furnaces  [6]. A number of  these models 
adequately reproduce real processes, making it possible 
to  obtain reliable information on the parameters of  fur-
nace operation and their interaction. Various simulation 
models of  furnaces are widely used, including electro-
lytic modeling of ferroalloy furnace baths.

Increasing the power of ferroalloy furnaces is accom-
panied by larger electrode diameters, which results in 
higher capital and operating costs, greater consump-
tion of  non-ferrous and ferrous metals, and techno-
logical challenges. For example, when furnace power 
increases from 7.5 – 10.5 to  105 MV·A, the  diameter 
of  self-baking electrodes grows significantly  – from 
900 to  1800 – 2000 mm (a  2.0 – 2.2-fold increase). 
The electrode current rises from 32 – 37 to 160 kA and 
above (a 4.3 – 5.0-fold increase). By contrast, the opera
ting voltage increases far less significantly  – from 130 
to 230 – 300 V (a 1.8 – 2.3-fold increase) [7]. This only 
indirectly indicates a decrease in the active bath resistance 
of  the  furnace and the  power factor, leading to  higher 
power losses in the short network. 

On an electrolytic furnace model, studies were car-
ried out to determine and evaluate changes in active bath 
resistance (in the electrode–hearth section) as electrode 
diameters increased. For comparison, an analysis 
of  the operating parameters of  industrial ferroalloy fur-
naces with different capacities and electrode diameters 
was also performed.

 Experimental procedure

A traditional aqueous solution with a concentra-
tion of  0.2 % NaCl was used as the  working fluid 
in the model. The experiments followed a method similar 
to that described in [7]. The diameter of the graphitized 
electrodes was varied from 30 to  150 mm. The  diame
ter of  the  conducting hearth of  the  model was calcu-
lated using the  expression Dhearth = de + 2а, where de  is 
the  electrode diameter, mm and а  is the  distance from 
the electrode to the bath wall, mm. Typically, the electro
de-to-wall distance in furnaces is (0.8 ÷ 1.0)de , with 
an average value of  0.9de . For all experiments, it was 
assumed that Dhearth = 2.8de . For ferroalloy smelting, 

the  electrode–hearth distance corresponds to  the  range 
of  (0.6 ÷ 0.8)de  [8] (expressed in electrode diameters). 
The relative sub-electrode gap (h/de ) was set at 0.7 
of the electrode diameter. The electrode immersion depth 
Δh in the electrolyte was taken as equal to the electrode 
diameter. 

 Installation description

Alternating current at 50 Hz was supplied through 
an autotransformer and an isolation transformer to a ver-
tically positioned electrode and the  conducting hearth 
of the furnace model. Bath resistance for each electrode 
diameter was determined from current and voltage mea-
surements. 

Conditions for modeling electrical parameters: 
ρ = const  – specific electrical resistivity of  the  model 
bath, Ω·cm; h/de = const – sub-electrode gap, expressed in 
electrode diameters; Δh/de = const – electrode immersion 
depth, in electrode diameters; t = const = 23 °C – electro
lyte temperature during the  experiments. The  variation 
in bath resistance of the model with increasing electrode 
diameter is shown in Fig. a. 

For comparison, parameters of  43 furnaces used for 
ferrosilicon smelting (operating voltage, electrode cur-
rent, and power factor) were analyzed. The active bath 
resistance of  the  furnace, Ract (mΩ), was determined 
according to the relation

where Uoper  is the  operating voltage at the  transformer 
stage, V, cos φ is the  furnace power factor, and Ie  is 
the electrode current, kA.

The processed data for industrial ferrosilicon fur-
naces, showing the change in active bath resistance with 
increasing electrode diameter, are presented in Fig. b. 

 Discussion of the results

Increasing the  electrode diameter in the  ferroalloy 
furnace model results in a marked decrease in bath 
resistance. To validate this dependence, the  parameters 
of 43 furnaces were analyzed. The power of the furnace 
transformers ranged from 7.5 – 10.5 to 81 MV·A, while 
the  diameter of  self-baking electrodes increased from 
750 – 900 to 1900 – 2000 mm.

Notably, in industrial ferroalloy furnaces, the  reduc-
tion in bath resistance with increasing electrode dia
meter follows the same trend as observed in the modeling 
experiments. 

The findings can be applied as a methodological basis 
for laboratory training in ferroalloy production, particu-
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larly for studying the relationship between furnace power 
and self-baking electrode diameter.

The significant reduction in bath resistance with 
increasing electrode diameter across ferroalloy furnaces 
of different capacities, when smelting the same alloy, is 
of  considerable importance. However, as electrode cur-
rent rises substantially, energy performance indicators 
deteriorate: electrical efficiency, furnace power factor, 
and the proportion of active power in the bath all decrease.

 Conclusions

Analysis of  furnace parameters during the  smelting 
of 45 % ferrosilicon confirmed the results of electrolytic 
modeling of  ferroalloy furnace operation, highlight-
ing the  significant role of  increasing electrode diameter 
in lowering active bath resistance. In this case, the  use 
of  carbonaceous reducers with higher specific electrical 
resistivity, along with additional reactive power compen-
sation, becomes necessary. 

 References / Список литературы

1.	 Saevarsdottir G., Larsen H.L., Bakken J.A. Modelling of AC 
arcs in three-phase submerged arc furnaces. In: Proceedings 
of the VII Int. Ferroalloys Congress: INFACON VII. Beijing, 
China. 7 – 10 June 1998. Beijing; 1998:317–322. 

2.	 Li J. Discussion of  ideal smelting model of submerged-arc 
furnace. In: Proceedings of the IX Int. Ferroalloys Congress: 
INFACON IX. Quebec City, Canada. 3 – 6 June 2001. Que-
bec City; 2001:121–130.

3.	 Oterdoom H., Degel R. Building a FeNi smelter simula-
tor. In: Proceedings of  the  XII Int. Ferroalloys Congress: 
INFACON XII. Helsinki, Finland. 6 – 9 June 2010. Helsinki; 
2010:215–227.

4.	 Lastochkina M.A. Model of  charge melting in the  bath 
of  an ore-thermal furnace. Zapiski Gornogo instituta. 
2002;150:119–123. (In Russ.).

	 Ласточкина М.А. Модель плавления шихты в ванне 
руднотермической печи. Записки Горного института. 
2002;150:119–123.

5.	 Ryabov V.P., Khomyakov I.V., Chursin A.Yu. The model of an 
electric ore smelting furnace control system with maintaining 
the slag bath resistance. Bulletin of MPEI. 2020;(1): 82–88. (In 
Russ.). https://doi.org/10.24160/1993-6982-2020-1-82-88 

	 Рябов В.П., Хомяков И.В., Чурсин А.Ю. Разработка 
модели системы управления руднотермической печью 
с поддержанием сопротивления шлаковой ванны. Вест-
ник Московского энергетического института. 2020;(1): 
82–88. https://doi.org/10.24160/1993-6982-2020-1-82-88 

6.	 Il’gachev A.N., Mikhadarov D.G. Study of  the  current in 
the multielectrode plant bath. Vestnik Chuvashskogo univer-
siteta. 2023;(4):99–108. (In Russ.).

	 https://doi.org/10.47026/1810-1909-2023-4-99-108 

	 Ильгачёв А.Н., Михадаров Д.Г. Токи в ванне многоэлект
родной установки. Вестник Чувашского университета. 
2023;(4):99–108.

	 https://doi.org/10.47026/1810-1909-2023-4-99-108  
7.	 Shkirmontov A.P. Establishing the  theoretical foundations 

and energy parameters for the production of ferroalloys with 
a larger-than-normal gap under the  electrode. Metallurgist. 
2009;53(5-6):300–308.

8.	 Shkirmontov A.P. Energy-Technological Parameters of Fer-
roalloy Smelting in Electric Furnaces. Moscow: NITU 
MISiS; 2018:216. (In Russ.).

	 Шкирмонтов А.П. Энерготехнологические параметры 
выплавки ферросплавов в электропечах. Москва: ИД 
МИСиС; 2018:216.

Change in the bath active resistance with an increase in the electrode 
diameters on electrolytic model of a ferroalloy furnace (a) 

and on 43 industrial furnaces (b) with a capacity of 7.5 – 81.0 MV·A 
during smelting of 45 % ferrosilicon

Изменение активного сопротивления ванны при увеличении 
диаметра электродов на электролитической модели 

ферросплавной печи (a) и на 43 промышленных печах (b) 
мощностью 7,5 – 81,0 МВ·А при выплавке 45 %-ного ферросилиция
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