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Methods of Improving the Induction Crucible Melting Furnaces 
Lining Life and Monitoring its Condition

Introduction. One of the ways to reduce greenhouse gas emissions to combat climate change is to implement 
electrometallurgical steelmaking processes, including induction furnace melting. However, the short lifespan of the 
furnace lining is a significant limitation of this method. Induction steelmaking units are efficient for melting small volumes 
of high-quality steels, but their linings undergo significant wear due to thermal, mechanical, and corrosive impacts.

Methods. The study includes an analysis of scientific and technical literature on induction furnace linings and practical 
experience from metallurgical enterprises such as "Zaporizhzhia Foundry and Mechanical Plant" LLC. The methodology 
involves systematizing methods for extending the lifespan of the furnace lining and monitoring its condition. This includes 
using high-quality materials, cooling systems, automated temperature control systems, and regular maintenance.

Results. The research found that the lifespan of the furnace lining can be extended by optimizing lining materials, 
using cooling systems, and implementing automated control systems. Practical examples of using induction furnaces 
in metallurgical enterprises demonstrate the effectiveness of the proposed methods. Specifically, the use of graphite 
coatings and oxide ceramic materials significantly improves the lining's resistance to high temperatures and chemical 
wear.

Discussion. The scientific novelty of the work lies in the systematization and classification of methods to extend the 
lifespan of induction furnace linings. The practical significance of the study is in the potential application of the results to 
predict lining wear and schedule maintenance work. The proposed methods can be used to improve the reliability and 
efficiency of induction furnaces in high-quality steel production.

Ключові слова: crucible failure; electrometallurgy; induction furnace; lining wear; methods of lining state control; 
service life; steel melting.
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Introduction. One of the ways to reduce greenhouse 
gas emissions to combat climate change while 
implementing the steel industry decarbonisation 
strategy is to switch to electrometallurgical steelmaking 

processes, including induction furnace melting [1; 2]. 
The limitations of induction melting that hinder the 
transition to induction furnace melting include the short 
life of their lining. Induction steelmaking units feature 
significant performance and have been successfully 
used to smelt relatively small volumes (from 5 kg to 60 
tonnes) of high-quality steels both in industrial (foundries) 
and laboratory environments. The technical literature 
describes the technologies for smelting high-alloy heat-
resistant steels [3–5], construction and low-carbon steels 
[6–8], non-ferrous metals [9; 10], and special-purpose  

alloys [11; 12] in induction furnaces. 
The purpose of this research is to systematise the 

methods of increasing the service life and controlling 
the state of induction melting furnace linings, which 
contributes to better anticipation of crucible wear and 
scheduling of repairs, maintenances and consumables.

In the process of systemic analysis of the problem, it 
is proposed to solve the following actual research tasks:

-	 analyze and summarize existing technologies 
and materials used for induction furnace linings;

-	 identify and classify the primary causes of 
crucible failure in induction steelmaking furnaces;

-	 evaluate and systematize methods for increasing 
the service life of induction furnace linings based on 
practical experiences and literature analysis;
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-	 develop recommendations for monitoring and 

controlling the state of induction furnace linings to 
enhance operational efficiency and safety.

Analysis of the latest research and publications
An induction crucible furnace features a similarity 

to the operating principle of a transformer, where the 
primary winding is an inductor, and the secondary winding 
is the material in the crucible placed in the centre of the 
inductor, powered by a high-frequency alternator. Due to 
this design, the metal melted by the Foucault currents is 
subject to radial forces directed towards the centre of the 
molten metal pool [13; 14]. These forces cause the liquid 
metal to be forced up and down along the vertical axis 
of the crucible, which promotes electrodynamic mixing 
of the metal layers, thus ensuring chemical homogeneity 
of the melt and flotation of non-metallic impurities. Active 
circulation of liquid metal is beneficial for the chemical 
homogeneity of the metals being melted but negatively 
affects the lining life of induction furnaces. The lining 
is located between the liquid metal and the inductor 
(Fig. 1), and obviously, the thicker the furnace lining 
(or thickening due to growths), the lower the magnetic 
flux penetrates the metal and the lower the efficiency 
of electricity use during melting, so the lining thickness 
has certain limitations [15; 16]. The general design of an 
induction melting furnace is shown in Fig. 1.

The crucible of an induction furnace (see Fig. 1) is made 
by packing or lining it with refractory material (bricks). 
The crucible is directly located inside the inductor, which 
is a water-cooled copper tube coil with a certain number 
of turns. The packed crucible made of refractory powder 
material is fixed in casing and installed on bottom plate 
(foundation) made of refractory concrete. The melted 
metal is released through spout as the furnace along 
with the casing rotates relative to bearing axis [16]. Due 
to the physical aspects of heat generation directly in the 
metal, the increase in the melting temperature is limited 
mainly by the resistance of the melting crucible itself. 
The crucible is made of refractory material, which may 
include ceramics, graphite, or fire clay-graphite [17–19]. 
Water cooling and temperature control systems are used 
to increase thermal resistance and reduce thermal stress 
on the crucible [20; 21]. 

Fig. 1. Layout (a) and appearance (b) of a typical induction crucible melting furnace

a b

The melting points of steel grades produced in 
induction furnaces determine the use of three types of 
crucible linings: (a) acidic, (b) basic, and (c) neutral. 
Acidic (a) lining involves refractories made of silicon 
oxide (90...98 % SiO2), boric acid (1...1.5 %) and a small 
amount of metal oxides such as Al2O3, Fe2O3, MnO, etc. 
The service life of crucibles made of acid lining is 80...100 
melts. Basic (b) lining is mainly made of magnesite (up to 
85 % MgO), liquid glass with impurities of oxides such as 
CaO, SiO2, etc. The life of such crucibles decreases with 
increasing furnace volume and amounts to 20...50 melts. 
Neutral (c) linings are made of Al2O3-based materials 
with magnesite additives. The service life of such a lining 
is higher than that of the two previous options [16; 22]. 

The authors [23; 24] also point out the wide possibilities 
for their automation using controllers and the high 
environmental friendliness of the units as advantages 
of induction crucible furnaces, while the problem of low 
lining life is also mentioned as a disadvantage. According 
to the authors [16; 25], monitoring the lining wear in an 
automated manner constitutes a vital part of maintenance, 
ensuring the efficiency and reliability of equipment and 
the safety of the melting process. Given the above, the 
relevant scientific and practical task involves analysing 
production experience in increasing the lining life and 
developing recommendations to improve the efficiency 
of lining wear monitoring in an induction crucible melting 
furnace.

Materials and methods
Induction steel melting furnaces are widely used in the 

steelmaking industry, in glass production, and in waste 
processing. Given the prospects and the objective need 
for the development of electrometallurgical technologies, 
the scope and volume of their use will grow. For example, 
"Zaporizhzhia Foundry and Mechanical Plant" LLC 
has installed induction steel melting furnaces made by 
EGES (Turkey); the furnace complex includes induction 
furnaces with 3 ton and 1 ton crucibles capacity. In Fig. 2 
shows the 3-ton furnace in operation, and Fig. 3 – during 
casting process. The technical characteristics of the 
furnace equipment are given in Table 1.

The main causes of crucible failure in an induction 
steelmaking furnace include the following:
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- Thermal stress. During the steel melting process, 
the crucible undergoes significant heating and cooling. 
The heating and cooling cycles cause thermal stresses 
in the crucible material, which leads to damage and wear.

- Mechanical impact. When charge and scrap are 
loaded, impacts occur as they fall on the lining. The steel-
melting process is accompanied by mechanical impacts, 
such as the intense movement of metal in the crucible. 
This also causes damage and wear to the crucible.

- Corrosion (erosion). Certain steel components 
or additives used during the melting process can be 
corrosive to the crucible material, causing it to wear 
away.

- Uneven heating. If the heat is not evenly distributed 
over the crucible during the melting process, thermal 
stresses also occur, which can cause the lining to crack.

- Contact with metal. Direct contact with the unmolten 
metal (at the beginning of the melting process) and the 
melt during the melting process causes mechanical wear 
of the lining due to friction.

Fig. 4 shows the process of lining repair packing 
for the crucible of 3-ton capacity induction furnace at 
"Zaporizhzhia Foundry and Mechanical Plant" LLC.

Results and discussion
Increasing crucible life requires a comprehensive 

a b c

Fig. 2. The melting process in a 3-ton induction furnace (manufactured by EGES, Turkey): (a) general view of the 
furnace; (b) the crucible is covered to prevent temperature loss and metal emissions from the working space; (c) the furnace 
working space after metal release

a b c

Fig. 3. The casting process at the 3-ton induction steel melting furnace (manufactured by EGES, Turkey): (a) discharge 
from the furnace into a ladle; (b) slag removal from the metal mirror; (c) casting process into moulds

Furnace Electric converter Melting rate, kg/h Melting time, min

Model Capacity, kg Power, kW Frequency, 
Hz

Cast iron at 
1450 °С

Steel at 
1600 °С

Cast iron at 
1450 °С

Steel at 
1600 °С

EGP 1000 SE 1000 600 1000 1137 1043 53 58

EGP 3000 SE 3000 1750 500 3305 3062 54 59

Table 1
Technical characteristics of EGES induction furnaces (Turkey), 1-ton and 3-ton crucible capacity
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a b c

d e

Fig. 4. Lining of the induction furnace with a capacity of 3-ton (manufactured by EGES, Turkey): (a) working space of the 
inductor for lining; (b) preparation of meconite for lining the furnace lining; (c) the process of lining the furnace bottom; (d) loading 
the furnace lining machine into the furnace by crane; (e) loading the furnace for sintering

approach that includes both the selection of appropriate 
materials and the proper management of the operation 
process. The general methods and strategies used 
to increase the lining life in industrial and laboratory 
induction furnaces and identified through the analysis of 
literature and practical experience are shown in Table 2.

It is recommended to choose the optimal solution 
in consultation with manufacturers or metallurgical 
equipment specialists.

Regular and comprehensive monitoring of the lining 
allows for the timely detection of any changes in its state 
and the avoidance of possible accidents or problems in 
production. Based on practical experience and analysis 
of information from the sources listed in Table 1, the 
methods for monitoring the state of induction melting 
furnace linings have been systematised. The results of 
the systematisation are shown in Table 3.

It should be noted that the success of wear 
control depends on systematic, accurate and timely 
measurements and inspections.

Conclusions 
The paper shows the advantages of induction steel 

melting furnaces, i.e., better mixing of liquid metal 
layers during the melting process, which allows the 
production of a more homogeneous metal in terms of 
chemical composition. It demonstrates the prospects of 
using induction furnaces for smelting high-quality steels 
and non-ferrous metals and their alloys. The authors 

conducted a detailed review and systematisation of 
methods for increasing the lining life of an induction 
furnace crucible, and based on this, they formed a 
classification of methods for controlling the lining wear, 
including technical, organisational and monitoring 
methods. The findings can be used in practice to 
determine the overhaul intervals and the amount of the 
consumables for repairing induction furnace linings.
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No. Method for 
increasing life Core of the method

1 Appropriate 
crucible material

Use of high-quality materials that have high heat resistance and strength and meet the 
requirements of the specific process. Use of special materials, such as silicon carbide or 
zirconium oxide, which may have improved thermal and chemical resistance [16; 26–29]

2 Thermal insulation Ensuring effective thermal insulation of the lining to avoid heat loss, overheating and wear 
under high temperatures. It is used to concentrate heat in the required areas. Thermal insulation 
coatings are used to reduce heat loss and retain heat in the interior of the crucible. These 
materials can help maintain constant temperatures and reduce energy 
consumption [19; 28; 30; 31]

3 Cooling systems Use of cooling systems to control the lining temperature and prevent overheating [16; 19; 30; 
32]. The use of lining with laid ducts for water cooling, pumping and circulation of coolant 
(water). Injection of a coolant (cold gas) into the crucible itself; use of additional active cooling 
(e.g., Peltier elements [33; 34])

4 Temperature 
monitoring and 
automated control

Installation of temperature monitoring systems for continuous monitoring of operating parameters 
and timely detection of anomalies in order to avoid drastic temperature changes that can lead to 
thermal shock of the crucible. Maintaining a constant temperature regime and ensuring smooth 
heating and cooling. Installation of thermocouples and sensors to continuously monitor the 
temperature of the crucible and respond to any changes promptly. Use of automatic temperature 
control systems that can regulate the supply of coolant or gas depending on the 
need [24; 25; 35]

5 Optimisation of 
melting processes 
and crucible design

Analysis and optimisation of processes to reduce excessive hydrodynamic friction and thermal 
impact on the lining. Study of melting hydrodynamics to identify areas where excessive friction 
occurs. Use of computer simulations to analyse and improve hydrodynamic processes and 
thermal models to determine heat distribution and identify areas of excessive thermal stress. 
Changes to the shape and configuration of the lining to reduce friction resistance. Ensuring the 
proper design of the crucible taking into account parameters such as wall thickness, shape and 
dimensions. Mitigating the risk of thermal shock by selecting optimal design 
parameters [26; 36; 37]

6 Expert assessment, 
wear and 
deformation 
monitoring

Involvement of specialised experts to assess the state of the lining systematically and 
identify any signs or risks of wear and tear. Visual inspections to identify any signs of wear 
or deformation. Use of non-destructive testing methods (e.g., ultrasonic inspection) to detect 
internal defects [13; 15; 16; 20–22; 25]

7 Routine 
maintenance and 
repair

Perform routine maintenance of the lining to detect wear and tear and any defects promptly and 
to ensure its durability. Scheduled repairs, refurbishment or replacement of the crucible [25; 38; 
39]

8 Use of protective 
coatings

Use of protective coatings that can reduce the impact of chemical reactions and wear on the 
surface of the crucible [26; 27; 40; 41]. Graphite coatings protect the crucible from erosion 
and oxidation at high temperatures (graphite is chemically resistant and can withstand high 
temperatures, making it an effective material for crucible shielding). Ceramic coatings are used 
to create a thermally and chemically resistant layer that protects the crucible from aggressive 
environments (some types of ceramic coatings have high thermal shock resistance). Oxide 
ceramic materials such as aluminium oxide or zirconium oxide serve to protect the crucible 
from oxidation and aggressive reactions at high temperatures. Some manufacturers offer 
special coatings designed to meet the specific requirements of metallurgical and induction 
melting processes; these coatings can be optimised for specific operating conditions. Enamels 
and ceramic coatings that have a low coefficient of friction can be used to reduce frictional 
resistance and improve crucible performance

9 Electromagnetic 
field control

Optimising the design and location of the crucible to reduce the impact of the electromagnetic 
field on its life [42–46]. Transition to innovative solutions of electromagnetic cold crucible 
(EMCC) [42–45], i.e. the use of a segmented water-cooled copper crucible for induction 
melting in a vacuum or controlled atmosphere without the use of refractory materials. EMCCs 
have started to be used in two types of industrial applications: (a) as batch crucibles for melt 
preparation, and (b) as bottomless cylindrical moulds for continuous casting. The advantages of 
EMCCs are: reduction of friction in the moulding system (minimisation of melt contact with the 
crucible), i.e., a significant increase in crucible life, absence of contaminants and impurities in 
the melt, creation of fluid flow conditions that can control grain structure and accelerate online 
chemical treatment (high-quality castings), cycle time reduction [46]

Table 2
Systematisation of methods for increasing the life of induction melting furnace linings
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ТОВ «ТЕХНІЧНИЙ УНІВЕРСИТЕТ «МЕТІНВЕСТ ПОЛІТЕХНІКА» 
(Запоріжжя, Україна)

Методи підвищення стійкості футерівки індукційних тигельних плавильних печей та 
контролю її стану

Вступ. Одним із способів зменшення викидів парникових газів для боротьби зі зміною клімату є впровадження 
електрометалургійних процесів виробництва сталі, включаючи плавку в індукційних печах. Однак, короткий термін 
служби футерування є значним обмеженням цього методу. Індукційні сталеплавильні установки ефективні для 
плавлення невеликих об’ємів високоякісних сталей, однак їх футерування піддається значному зносу через термічні, 
механічні та корозійні впливи.

Методи. Дослідження охоплює аналіз наукової та технічної літератури з теми футерування індукційних печей, 
а також практичний досвід металургійних підприємств, таких як ТОВ «Запорізький ливарно-механічний завод». 
Методологія включає систематизацію способів збільшення терміну служби футерування та методів моніторингу його 
стану, включаючи використання високоякісних матеріалів, систем охолодження, автоматизованих систем контролю 
температури та регулярного обслуговування.

Результати. Дослідження виявило, що термін служби футерування може бути збільшено шляхом оптимізації 
матеріалів футерування, застосування систем охолодження та автоматизованих систем контролю. Практичні 
приклади використання індукційних печей на металургійних підприємствах показують ефективність запропонованих 
методів. Зокрема, застосування графітових покриттів та оксидних керамічних матеріалів значно покращує стійкість 
футерування до високих температур та хімічного зносу.

Обговорення. Наукова новизна роботи полягає в систематизації та класифікації методів збільшення терміну служби 
футерування індукційних печей. Практична значущість дослідження полягає в можливості застосування отриманих 
результатів для прогнозування зносу футерування та планування ремонтних робіт. Запропоновані методи можуть бути 
використані для покращення надійності та ефективності індукційних печей при виробництві високоякісної сталі.

Ключові слова
виплавка сталі; електрометалургія; зношування футерівки; індукційна піч; методи кон-
тролю стану футерівки; руйнування тигля; термін служби.


