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DETERMINATION OF CONDITIONS 

FOR PREVENTING CHEMICAL WEAR 

OF INDUCTION FURNACE LINING 

IN THE "CUPOLA FURNACE  – 

INDUCTION FURNACE" DUPLEX 

PROCESS

The object of research is the melting of cast iron in the "cupola furnace – induction furnace" duplex process. The need to study such 
a duplex process is dictated by the condition of ensuring the required quality of cast iron in the event that a low-quality or uncontrolled 
charge is used. This condition cannot be met if the induction furnace is used as the only melting unit. But the problem is that in the 
process of induction melting of cast iron, in particular at the stage of overheating and holding the melt, a crucible reaction may begin, 
which leads to chemical wear of the lining. The need to reduce the carbon content in the melt discharged from the cupola furnace requires 
an increase in temperatures, which creates risks for the onset of a crucible reaction.

Based on statistical calculations of cupola melting parameters, it was found that in the melt discharged from the cupola furnace into 
the induction furnace, the average carbon content is C = 3.47% with a standard deviation SC = 0.14%, and the average silicon content is 
Si = 2.05% with a standard deviation SSi = 0.21%. At the same time, with a probability of 96%, the carbon content is C = (3.33–3.75)%, 
and the silicon content corresponds to the range Si = (1.84–2.46)% with a probability of 98%. It was found that the equilibrium constant 
is in the range (0.15–0.21) with a probability of 97.8% at an average temperature T = 1355°C with a standard deviation of tempera-
ture ST = 6°C. With such melt parameters, which are supplied to the induction furnace, the risks of the onset of a crucible reaction do not 
arise. It was determined that even at temperature regimes sufficient to remove FeO, the risk of the onset of a crucible reaction is minimal. 
In order to ensure conditions that prevent the onset of a crucible reaction, the following recommendations should be followed for the 
content of carbon and silicon in high-temperature melting when the temperature is in the range T > 1480°C: C > 0.3% and Si < 0.3%.

The results of the study can be used in the melting sections of foundries equipped with cupola furnaces and induction furnaces.
Keywords: "cupola furnace – induction furnace" duplex processes, crucible reaction, chemical wear of the lining, poor-quality charge.

Denis Nikolaev, 

Vadym Selivorstov, 

Yuriy Dotsenko, 

Iryna Osypenko, 

Eugene Kuznetsow

© The Author(s) 2025
This is an open access article  

under the Creative Commons CC BY license 
https://creativecommons.org/licenses/by/4.0/

How to cite
Nikolaev, D., Selivorstov, V., Dotsenko, Y., Osypenko, I., Kuznetsow, E. (2025). Determination of conditions for preventing chemical wear of induction furnace lining in the "cupola 
furnace – induction furnace" duplex process. Technology Audit and Production Reserves, 6 (1 (86)), 00–00. https://doi.org/10.15587/2706-5448.2025.345473

Received: 28.08.2025
Received in revised form: 03.11.2025
Accepted: 03.12.2025
Published: 00.12.2025

1. Introduction

Induction melting is very demanding on the charge quality due to 
the complexity, and sometimes the impossibility, of ensuring the con-
duct of physicochemical processes in the melt in the required volume. 
Therefore, in the absence of a high-quality charge, the possibilities of 
induction melting to ensure the production of high-quality cast iron 
are limited. The solution options are to use an induction furnace as  
a secondary unit, where the first unit can be either a cupola or an 
electric arc furnace. These primary units produce cast iron, which 
can already be used in an induction furnace for further technological 
processing, in particular, bringing the temperature to a given value and 
stabilizing the chemical composition. But for this, such technological 
melting modes must be implemented in the primary units and such 
control of the melting processes must be implemented that ensure 
maximum proximity of cast iron to the quality requirements. Such 
requirements as the metallurgical component of quality, according 
to [1], are determined by compliance with the given content of chemi-
cal elements and temperature.

Ensuring closeness in terms of iron quality indicators when using  
a cupola furnace as a primary furnace becomes possible when choos-
ing the optimal control of the cupola process. Examples of such con-
trol can be two-level control of the charge loading and air supply sys-
tem [2] and the influence on the thermodynamic processes occurring 
in the cupola furnace [3]. In addition, it is possible to improve the fuel 
supply processes by rationalizing the design of devices for introducing 
fuel and post-regeneration dust through tuyeres [4]. Such options as-
sume the presence of mathematical models that link the technological 
modes of melting and the design parameters of the cupola furnaces 
in which these modes are used, and allow for indirect control of the 
processes  [5,  6]. In this case, the most important is the control and 
regulation of the temperature regime in the furnace  [7]. In the case 
of using an electric arc furnace as a primary metallurgical unit, the 
main factors are the control of thermal regimes, which depend on 
the selected transformer power and electric arc parameters. Such 
control is carried out by optimal controllers [8–10] and appropriate 
computer-integrated solutions [11]. It is worth noting that the electric 
arc furnace is the most appropriate primary unit if the charge is not 
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controlled for quality, or its quality is too low. Therefore, it is in such 
a furnace that it is possible to ensure the quality of cast iron close to 
the requirements, in particular, taking into account the requirements 
for several quality indicators [12].

In the case of ensuring the quality of the melt close to the re-
quirements by the primary furnace, the main task of the induction 
furnace becomes the holding of the melt at a given temperature in 
order to stabilize the chemical composition. Therefore, at this stage 
of the process, it is important to control the temperature regime 
in the furnace  [13–15] taking into account the peculiarities of the 
process. They consist in the fact that the process is carried out with 
a constant residue of the melt and the addition of new portions of 
the melt from the primary furnace. This affects the kinetics of the 
chemical composition  [16], and, accordingly, the formation of the 
final composition of cast iron, which must correspond to the speci-
fied range for each element.

The described technological options for producing cast iron have 
one common feature – the need to control and regulate the tempera-
ture regime in furnaces, which affects the course of physicochemical 
processes. And it is with this that the problem areas in the context of 
the research results presented in the analyzed sources are connected. 
This is the quantitative uncertainty of the effect of temperature on 
the chemical composition of cast iron at any stage. In particular, it 
is manifested due to the complexity of temperature control and the 
ambiguous effect on the content of each chemical element, taking 
into account the formation of non-metallic inclusions in the melt. 

In the case of using a cupola furnace as the primary furnace, another 
problem is inherent – the overestimated carbon content, which must 
be reduced in the induction furnace. In this case, it should be ad-
ditionally taken into account that an irrational temperature regime  
at certain ratios of carbon and silicon can lead to the development 
of a reaction of interaction between carbon and silica of the acidic 
lining , which directly leads to its chemical wear.

The object of the research is the melting of cast iron in the "cupola 
furnace – induction furnace" duplex process.

The aim of the research is to determine the conditions for pre-
venting chemical wear of the induction furnace lining in the "cupola 
furnace – induction furnace" duplex process. This will make it possible 
to choose rational options for melting control.

To achieve the aim, the following objectives were solved:
1.	 To determine the risks of a crucible reaction in an induction 

furnace based on the results of a statistical analysis of the chemical 
composition and temperature of cast iron discharged from the cupola 
furnace into the induction furnace.

2.	 To determine the key factors and the range of their permissible 
values, under which the development of a crucible reaction in an induc-
tion furnace is possible under high-temperature melting  conditions.

2. Materials and Methods

The functional diagram implementing the object of research is 
shown in Fig. 1.

 
Fig. 1. Functional diagram of the "cupola furnace – induction furnace" duplex melting process:  

I – cupola furnace, II – tuyeres, III – accumulator, IV – chute, V – induction furnace, VI – cyclone, VII – radiation recuperator,  

VIII – wet scrubber, IX – air mixer, X – power switch, XI – balancing device, XII – regulating transformer with voltage step switch,  

XIII – inductor, XIV – capacitor bank, XV – cooling system pump, XVI – blocking and signaling relay,  

XVII – DC source for monitoring the state of the crucible and inductor insulation
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The red color indicates the circuit element that monitors the state 
of the acidic lining, which can be damaged due to the crucible reaction, 
which leads to its chemical wear

2 C + SiO Si +2 CO2�� �� �� �� � � , 	 (1)

where [C], [Si] – carbon and silicon content in the melt, SiO2  – silicon 
dioxide lining, {CO} – carbon monoxide, which enters the atmosphere.

This is a typical diagram of an alarm device, which contains two 
blocks. The first block contains control equipment, auxiliary circuits 
and power circuits of devices. The second block is a low-frequency 
filter connected to the first block and inductor by wires. The alarm de-
vice is triggered when molten metal touches the inductor, or when the 
insulation of the inductor, capacitors, secondary winding of the power 
transformer or cables is damaged.

To analyze the indicators of cupola melting, the results of experi-
mental and industrial studies presented in [17] were used, and to analyze 
the indicators of induction melting, the systematized data presented 
in [18] were used.

3. Results and Discussion

Fig. 2 and 3 show histograms of the distribution of carbon and sili-
con content in the melt discharged from the cupola furnace, obtained 
from a sample of 45 melts, and Fig.  4 shows histograms of the melt 
temperature distribution.

From the data in Fig.  2 it follows that with a probability of 69% 
C  =  (3.47–3.61)% and with a probability of 96% C  =  (3.33–3.75)%.  
At the same time, the average carbon content C = 3.47% with a stan-
dard deviation SC = 0.14%. From Fig. 3 it is seen that with a probability 
of 98% Si = (1.84–2.46)%. At the same time, the average silicon content 
Si = 2.05% with a standard deviation SSi = 0.21%.

The histogram in Fig.  4 indicates that the distribution law may 
differ from the normal one, but with a probability of 62% the melt 
temperature is T = (1355–1361)°C. At the same time, the average tem-
perature T = 1355°C with a standard deviation ST = 6°C.
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Fig. 2. Distribution of carbon content in the melt discharged  

from the cupola furnace: ΔC = SC = 0.14%, C = 3.47 ± 3SC
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Fig. 3. Distribution of silicon content in the melt discharged  

from the cupola furnace: ΔSi = SSi = 0.21%, Si = 2.05 ± 3SSi
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Fig. 4. Distribution of melt temperature discharged from  

the cupola furnace: ΔT = SТ = 6°С, T = 1355 ± 3SТ°С

Such a melt is fed into an induction furnace, in which the crucible 
reaction can begin to develop, the rate constant of which is determined 
from the well-known formula

lg . ,Si
C2 17 62 32000

� �
TEq

	 (2)

where Si/C2  – the ratio that determines the equilibrium constant of 
the reaction (1), TEq – the equilibrium temperature in the system, K .

Fig. 5 shows a histogram of the distribution Si/C2 .
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Fig. 5. Distribution histogram Si/C
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:  
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2

From the data of Fig. 5 it follows that with a probability of 97.8% 
Si/C2 0 15 0 21� �( . . )  at temperatures T = (1349–1367)°С. This region 
is shown in Fig.  6 together with the curve reflecting the equilibrium 
according to (2).

As can be seen from Fig. 6, the development of reaction (1) when 
receiving molten iron from the cupola furnace by an induction furnace 
cannot begin. But to remove excess carbon, it is necessary to increase 
the temperature, so there may be risks of the development of reaction (1). 
In this case, temperature plays an important role in the removal of inclu-
sions, the main of which is FeO. This is ensured by holding the melt in 
an induction furnace at a given temperature. Fig. 7 presents the tempera-
ture regimes for removing FeO from the melt when holding at specified 
temperatures for an interval of 10 min, obtained based on data  [18],  
as well as the equilibrium curve of the reaction (1).

It follows from Fig. 7 that even at temperature regimes sufficient for 
removing FeO, the risk of starting reaction (1) is minimal. The problem 
can arise only in the event of a situation where the temperature increase 
to 1480°C and above is carried out according to the ratio Si/C2 0 33> . .  
This can happen when the melt contains C < 0.3% and Si > 0.3%.

The results obtained indicate that the chemical composition and 
temperature of the melt discharged from the cupola furnace do not cre-
ate risks for chemical wear of the induction furnace lining. Instead, in the 
case of switching to a high-temperature regime during the melt holding 
process in induction furnaces, the carbon and silicon content should be 
controlled and appropriate corrective additives should be introduced.
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The results obtained are limited by the considered temperature 
ranges and ranges of chemical element contents, therefore, in further 
studies, these ranges should be expanded. A promising direction for 
further development of the research is also the construction of kinetic 
curves describing the oxidation and reduction processes in the induc-
tion furnace, to determine rational options for controlling the con-
sidered duplex process. Such control should be based on mathemati-
cal models that represent the dependence of the content of chemical 
elements on time within the melting cycles. That is, the models are 
kinetic equations, where the factor influencing the course of reactions 
is temperature. The control is the power supplied to the furnace, de-
pending on the initial chemical composition and temperature of the 
melt discharged from the cupola furnace. In this case, the mass of the 
remaining melt in the induction furnace, its chemical composition and 
temperature should also be taken into account.

4. Conclusions

1.	 It has been established that in the melt discharged from the 
cupola furnace into the induction furnace, the average carbon content 
is C = 3.47% with a standard deviation SC = 0.14%, and the average sili-
con content is Si = 2.05% with a standard deviation SSi = 0.21%. With 
such indicators, the equilibrium constant of the reaction of the interac-
tion of carbon and silica of the acid lining of the induction furnace is in 
the range (0.15–0.21) with a probability of 97.8% at an average tempera-
ture T = 1355°C with a standard deviation of temperature ST = 6°C.  
This does not create risks for the onset of the crucible reaction.

2.	 It has been determined that even at temperature regimes suf-
ficient to remove FeO, the risk of the onset of the crucible reaction is 
minimal. However, during the melting process, the ratio of carbon 

and silicon should be controlled at temperatures at which 
the melt is held in the induction furnace in order to reduce 
the number of non-metallic inclusions. The range of permis-
sible ratios is given by the condition C > 0.3% and Si < 0.3%  
for high-temperature melting when the temperature is in the 
range T > 1480°C.
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