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This article focuses on the controlled cooling process of the linings of ferroalloy production ladles. Analysis of the 
operating conditions of the linings revealed that temperature stresses during heating and cooling are the main cause 
of damage to the linings of high-temperature units. At the enterprise in question, the cooling process is uncontrolled 
when the lining is exposed to the workshop atmosphere. This leads to cracks forming in the lining and its subsequent 
destruction. Cooling schedules have been developed for the ladles under consideration, during which the resulting 
thermal stresses do not damage the lining. A device has been developed for the ladle liners to ensure the cooling 
process is kept on schedule. Incomplete liner replacement involves cooling the ladle by supplying a mixture of 
combustion gases from the ladle heating booth and air. The liner is cooled using a mixture of three media: ambient 
air from the workshop, combustion products from the ladle heating stand, and combustion products from the ferroalloy 
gas burnt in the burner. A cooling schedule for casting ladle liners has been developed to ensure that thermal stresses 
do not exceed the strength limit of the refractory materials. At the same time, the cooling time is reduced from 19 
hours 30 minutes to 6 hours 50 minutes. The developed device enables the outer and inner walls of the lining to be 
cooled, secondary resources (ferroalloy gas and combustion products from the ladle heating stand) to be used. 
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HIGHLIGHTS 

− The main reason for the destruction of the linings of the casting ladles under consideration is thermal
stresses.

− A device has been developed for controlled cooling of the lining of filling ladles.
− To cool the liner, a mixture of three media is used: ambient air from the shop, combustion products after the

ladle heating stand and combustion products of ferroalloy gas burnt in the burner.
− An economic assessment of the use of secondary energy resources in a device for cooling the lining of filling

ladles has been made.

1 Introduction 

The lining of high-temperature units is designed to contain the process material within the working space of the unit. 
For many such units, the technical condition of the lining is crucial when the unit is removed for maintenance. This is 
particularly true for converters, casting and intermediate ladles, and arc furnaces [1–4]. 
Analysis of the research conducted enables us to identify the primary sources of failure of the lining of high-
temperature units [5–10]: 

− presence of a temperature difference along the cross-section of the lining during non-stationary thermal
processes (drying, heating, cooling and draining of the technological product);

− high lining temperature;
− influence of aggressive working environments;
− mechanical effects on the lining;
− other operational factors.

The temperature gradient in the lining during unsteady processes causes thermal stress in the refractories. These 
stresses arise due to the uneven thermal expansion of the lining layers. They also arise when the lining's temperature 
changes rapidly, whether it is rising or falling. [11] 
During heating, the surface layer of the lining is under compressive stress (σc), while during cooling it is under tensile 
stress (σten). For refractory linings, rapid cooling is more dangerous than rapid heating. This is due to the significant 
difference between the compressive strength of refractories and their tensile strength. [12] 
The cooling of the liner of a high-temperature unit (such as a ladle) with significant temperature differences across 
the cross-section of the liner occurs in three cases: 
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− cooling of the lining after melt draining (i.e. cooling during downtime between melts); 
− cooling of the lining before intermediate repairs (e.g. replacement of part of the lining or the casting cup); 
− cooling of the lining before an overhaul. 

We do not consider cooling the ladle liner with molten metal, since this process does not involve significant 
temperature stresses due to the high temperature and heat content of the molten metal.  
A key objective at every stage of ladle operation is to minimise its duration, which has a positive impact on its technical 
and economic performance. 
Cooling the lining before an overhaul can be carried out at the highest possible speed, since this type of overhaul 
involves the lining being completely removed.  
Cooling the lining during downtime between melts and before intermediate repairs must be carried out at limited 
speeds to avoid destruction of the lining. In real production conditions, this cooling process usually occurs under the 
natural convection of the shop atmosphere. Depending on the ladle's capacity, the refractory material used and the 
lining's thickness, the cooling rate can vary significantly. For example, the temperature drop rate of an arc furnace 
lining under natural convection is 360°C per hour within a temperature range above 1000°C. [13] 
The authors in [14] give the rate of uncontrolled cooling of the casting ladle liner after melting drain, which is 
318°C/hour from 1300°C to 875°C. 
In [15], the destruction of a vacuum chamber lining with a working layer of periclase-chromite refractories was studied. 
During cooling, the temperature only decreases by more than 110°C for the first 10 seconds, resulting in a thermal 
shock. Tensile stresses act on the material in this case, forming rare deep cracks in the refractory. Their depth can 
reach up to 120 mm. According to the authors' research, the crack formation time is 7 to 10 seconds from the 
beginning of cooling. 
The article [16] evaluated the thermal stress state of a rotary kiln lining. The authors presented the results of modelling 
the process of linear cooling of the hot surface of the lining from the temperature (1250°C) to the ambient temperature 
(20°C). Five possible cooling rates were investigated: from 39 to 625°C/h. Thus, the cooling durations varied from 2 
to 32 hours. It was found that tensile stresses can become critically high and lead to failure of the lining material. 
When cooling the casting ladle from the lining’s initial temperature (about 900°C), the average temperature decrease 
after the melting drain (on the hot side) was 274°C/h. [17] A similar rate of temperature decrease was recorded during 
all five steel working cycles. 
The authors [18] divided the thermal operation of the steel ladle liner into several stages. At the first stage (warm-
up), the temperature of the working liner increases from 40°C to 1400°C. The next stage is the transport of the ladle 
to the high-temperature unit with heat loss to the environment and temperature reduction to about 1200°C. Then, 
when the melt is poured into the ladle, the temperature of the liner rises sharply to a value of 1650°C. At the end of 
the thermal cycle, the temperature of the inner surface of the liner gradually decreases after the liquid steel is poured. 
For the walls, the cooling rate was 20°C/min, for the bottom, the rate was 16.5°C/min. 
As can be seen from the above data analysis, the rates of uncontrolled cooling of liners of various high-temperature 
aggregates differ significantly. Nevertheless, all the mentioned processes are characterised by high cooling rates: 
200°C and higher. 
The controlled cooling of the lining is recommended to be carried out at a rate not exceeding 50°C/h. [19] The heating 
rate of the lining during the drying process was not more than 10°C/h. The results of inspection of the rotary kiln at 
the end of the lining drying process and its cooling from 400°C to 40°C showed that no defects, local overheating, or 
integrity failures were found. 
Analyses of the working cycle of a casting ladle at various enterprises show that the cooling of ladle linings before 
and after the melt is poured into them is uncontrolled. The duration of waiting for the melt to be poured into the ladle 
can reach 30 minutes [6]. To reduce the cooling rate, the ladle with the heated lining is covered with a lid with a layer 
of thermal insulation. [20, 21] 
It is recommended that ladle idle time without a lid be minimised since, in this case, there is a significant reduction of 
enthalpy in the ladle between the end of heating and discharge. [22] It is noted that the ladle lining can be cooled up 
to five times per shift. [6] Stresses arising in refractories during cooling can be a source of cracks, leading to lining 
damage. It is recommended to organise the ladle turnover in such a way as to exclude cooling of the ladle lining 
below 600°C. 
From this review, we can conclude that enterprises operating high-temperature units pay little attention to the cooling 
processes of liners. The cooling process is often uncontrolled and without developed modes. In most cases, the 
cooling rates of the liners are high, and the resulting thermal stresses exceed the permissible level. This leads to 
cracking and failure of the liners.  
The significant difference between cooling rates under conditions of natural convection of the shop atmosphere and 
recommended rates obtained based on modelling suggests the need to develop special devices for controlled cooling 
of high-temperature unit liners. 
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2 Materials and methods 

Let's consider the operation of a 40-tonne ferroalloy production ladle to analyse the cooling processes of ladle liners. 
The ladle lining is constructed in ten rows of height from aluminosilicate clinker bricks of ShKU-32 grade. It consists 
of two layers of fireclay bricks (80 mm each) with a total thickness of 160 mm. 
The duration of the working campaign for the ladle liners under consideration is from 4 to 10 melts and depends on 
the type of smelted ferroalloys: ferrochrome, ferrosilicomanganese, and ferrosilicon.  
The average time of molten metal in the casting ladle of one melting is 100–120 minutes. The average temperature 
of the drained melt is 1700°C. 
The ladle liners are cooled under natural convection conditions in the atmosphere of the melting shop. There is no 
cooling equipment. Depending on the time of year, the shop's temperature can vary from -7°C to 32°C. 
Analysis of existing cooling methods for casting ladle liners in ferroalloy production shows that cooling is very uneven 
and uncontrolled under natural convection conditions. The inner surface temperature of the lining decreases by 
300°C in 30 minutes at the initial stage of cooling. At the final cooling stage, the cooling rate of the inner surface is 
20 times lower than initially. 
During the research, the authors surveyed ladle liners while they were in operation. [5] 
The refractory lining of casting ladles deteriorates during operation and significant fragments are destroyed in some 
places. When ladles are removed for repair, cracks cover the entire inner surface of the lining. The average rate of 
lining wear is 3–5mm per melting.  
Before the refractory layer of the lining is put out for repair, cracks are observed that are not accompanied by flaking. 
The cracks can be up to 150mm long and 35mm deep (Figure 1). 

 
                                       a                         b 

Fig. 1. Cracks in the working layer of the lining when the ladle is taken out for overhaul: a – slag belt zone; b – 
middle part of the ladle in height 

Crack characteristics, as well as the analysis of liners' thermal modes of operation, allow us to conclude that a 
significant temperature difference at a sharp cooling of the lining causes crack formation [5]. 
Figure 2 shows the cooling schedule of the ladle lining of the casting ladle of ferroalloy production when it was put 
into intermediate repair (replacement of refractories of the slag belt). Temperature measurements were made in the 
zone of its most excellent wear – the middle zone along the height of the ladle: 5–7 rows of lining. Measurements of 
the temperatures of the outer surface of the casting ladle at a similar height were also carried out. The measurements 
were made with the help of an infrared pyrometer, Kelvin Compact 1500/175.  

 
Fig. 2. Cooling schedule: 1 − graphs of temperature change on the inner; 2 − outer surface of the ladle lining during 

its cooling 
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The following conclusions can be drawn from analysing the obtained cooling graphs. Cooling the ladle lining without 
controlling the temperature decrease under natural convection conditions results in uneven cooling. The temperature 
of the inner surface decreases by 300°C within the first 30 minutes of cooling. At the final cooling stage, a temperature 
reduction of 300°C occurs within 610 minutes. Consequently, the cooling rates of the inner lining surface at different 
stages differ by more than 20 times. 
A mathematical model of the lining's thermal stress state during cooling was developed to calculate rational cooling 
rates.  
Assuming that heat is transferred to the lining only along its thickness and that there are no internal heat sources, 
the Fourier equation can be written as a one-dimensional unsteady heat transfer equation. 

𝜌𝜌𝜌𝜌
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

=
𝜕𝜕
𝜕𝜕𝜕𝜕

�
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
� (1) 

Considering the two layers of the lining wall, the initial and boundary conditions can be written as follows: 
− t = 0; T = f(x); 0 ≤ x ≤L; 
− x = 0; T = T1; t > 0; 
− x = F; T = Tn; t> 0; 
− T1(t, x*) = T2 (t, x*). 

−𝜆𝜆
𝜕𝜕𝑇𝑇1
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�
𝑥𝑥=𝑥𝑥∗

= −𝜆𝜆
𝜕𝜕𝑇𝑇2
𝜕𝜕𝜕𝜕

�
𝑥𝑥=𝑥𝑥∗

 (2) 

This problem is solved using the numerical method of the implicit four-point difference scheme. This method 
enables us to obtain accurate results regardless of the linear thickness step value or time chosen. 
The main starting point for determining temperature stresses under different temperature distribution laws over the 
thickness of refractory masonry is the equilibrium of internal forces in the lining: 

𝑃𝑃 = ∫𝜎𝜎 𝑑𝑑𝑑𝑑 =  0  
𝑄𝑄 = ∫𝜎𝜎 𝑑𝑑𝑑𝑑 =  0  

(3) 

where: 
− P – the effort 
− Q – moments 
− σ – stresses 
− x – a spatial variable. 

We obtain the calculation formulae based on the solution of the plane thermoelasticity problem [2]. In this case, the 
problem is reduced to the solution of the Equation 

𝑑𝑑2

𝑑𝑑𝑥𝑥2
�𝜎𝜎(𝑥𝑥, 𝑡𝑡) − 𝛼𝛼𝑇𝑇⋅𝐸𝐸

1−𝑣𝑣
⋅ 𝑇𝑇(𝑥𝑥, 𝑡𝑡)� = 0, (4) 

 
where: 

− t is a time parameter 
− αT – coefficient of linear expansion 
− E – the modulus of elasticity 
− ν is the Poisson's ratio. 

After integrating equation (4), we obtain 

                                  𝜎𝜎(𝑥𝑥, 𝑡𝑡) = 𝜀𝜀𝜀𝜀 = −𝛼𝛼𝑇𝑇⋅𝐸𝐸
1−𝑣𝑣

⋅ 𝑇𝑇(𝑥𝑥, 𝑡𝑡) + (С+ С1 ⋅ 𝑥𝑥), (5) 

where: 
− ε is the deformation due to the monolithic nature of the lining; 
− C and C1 are integration constants determined from the boundary conditions 

𝜎𝜎 (𝐻𝐻, 𝑡𝑡) = 0 (6) 
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where:  
− H is the thickness of the lining. 

The temperature stresses in the lining are calculated according to the method given in [7] using the formula 

𝜎𝜎 = −
𝛼𝛼 ⋅ 𝛦𝛦
1 − 𝜈𝜈

⋅ 𝑇𝑇(𝑦𝑦, 𝑡𝑡), (7) 

The calculations’ results are the values of temperature stresses, which are compared with the ultimate strength of 
the refractory materials used. 
Based on the temperature data for the inner and outer surfaces of the lining, the temperature fields across the lining 
cross-section were calculated. The calculation error was estimated using the Runge method (repeated calculation 
method) [23]. The margin of error in the temperature calculation method was no more than 1%. 
Based on the developed methodology, the authors calculated the resulting thermal stresses and compared their 
values with the ultimate strength of the refractory materials used. The resulting thermal stresses were compared with 
the strength limit of SHKU-32 fireclay bricks. The compressive strength limit is 27MPa, while the tensile strength limit 
is 6MPa.  
For refractories after three melts, the maximum value of compressive thermal stress exceeds the compressive 
strength 1.28 times, and the maximum value of tensile thermal stress exceeds the tensile strength 3.19 times [25]. 
Analysis of similar scientific studies confirms the data obtained. Thus, the authors of the works [16, 24] show that the 
thermal stresses generated during the heating process can exceed the strength limit of the refractory materials used 
by a factor of three or more. 
Figure 3 shows the distribution of thermal stresses across the thickness of the lining 20 seconds after the start of 
cooling. 

 
Fig. 3. Distribution of thermal stresses across the thickness of the lining 20 seconds after the start of cooling 

Rational cooling schedules were developed to eliminate the destructive effects of thermal stresses during cooling, 
taking into account the dependence of the thermophysical and thermomechanical properties of the refractory 
materials used on temperature. Using the expanded schedule reduces the cooling time from 19 h 30 min to 6 h 50 
min when thermal stresses do not exceed the strength limit of the refractory materials used. Figure 4 shows the 
cooling schedule developed for the lining with refractories that have been used for three melts [26]. 

 
Fig. 4. Developed a graph of the change in temperature of the external surface of the furnace lining during cooling 

(for refractories after three melts) 

During the initial period, the outer wall of the lining must be heated to reduce thermal stresses. From the moment the 
molten metal drains away, the lining cools down significantly and the temperature distribution becomes more uneven. 
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Heating the outer surface of the lining leads to a more uniform temperature distribution throughout its thickness and 
reduces thermal stresses. This stage lasts 25 minutes. 
Optimising the cooling of high-temperature unit linings will enable the cooling process to be carried out at a speed at 
which the resulting thermal stresses will not destroy the masonry. In addition, calculations show that reducing the 
lining cooling time and increasing casting ladle productivity is possible. 

3 Results and discussion 

An important task is to reduce the lining temperature following the developed schedules. Many methods and devices 
have been designed to heat the liners of high-temperature units [26–28]. An automation system allows the cooling 
process to be conducted quite accurately. Modern devices provide a uniform temperature field of the inner surface 
of the lining [29]. Thus, according to [30], the temperatures of the hottest and coldest points of the inner surface of 
the ladle liner during its heating differ by no more than 10%. 
It is not possible to cool the liner on the ladle heating bench, as the burners used will not be able to provide the 
required heat flux range at liner temperatures below 400°C. In addition, as mentioned above, the initial stage of 
cooling of the inner surface must be accompanied by heating the outer wall of the liner to reduce thermal stresses. 
Patent reviews have shown that the devices developed for cooling metallurgical ladle liners have not found wide 
applications in the industry [31, 32]. The main task of the developed devices is to reduce the heating time, for which 
purpose cooling by atomised liquid is allowed. 
Cooling the liner using only a lid with thermal insulation will not allow the cooling process to proceed according to 
schedule. [33] notes that cooling with a lid is very efficient in terms of energy saving, but its use allows the internal 
surface temperature to be 90°C higher than without the use of a lid. 
For cooling, it is necessary to select working media that can be mixed to produce a cooling medium with a 
temperature range from 700°C to 40°C. One such medium is shop air. To increase its thermal potential, it is necessary 
to mix it with a hot medium. For this purpose, combustion products from the booth for drying and heating casting 
ladles can be used. 
On the bench for drying and heating casting ladles, the temperature of the ladle lining is increased before pouring 
melt from the ferroalloy furnace into the ladles. This is done by burning ferroalloy gas with a calorific value of 8.3 
MJ/m3. The pressure of the gas supplied to the burner is 5kPa, and the average flow rate is 540m3/h. Gas combustion 
occurs in the flame with temperatures from 650 to 1500°C. According to literature sources [14], the thermal efficiency 
of ladle heating stands depends on the heating rate. The dependence of the heating efficiency on the heating rate is 
explained by the peculiarities of external and internal heat exchange processes. From 23% to 48% of the energy 
supplied by the gas burner is used to increase the energy intensity of the refractory material. About 0.3% is 
accumulated by the bench lid, 5–6 % is lost to the environment, and the rest of the heat escapes with exhaust gases. 
Considering the above-mentioned conditions of casting ladle operation, a device for cooling the ladle lining of the 
casting ladle used in ferroalloy production was developed. [34] 
Cooling the ladle for incomplete liner replacement involves supplying a mixture of combustion gases from the ladle 
heater and air. The high-temperature cooling medium is initially fed to the liner’s high-temperature zones. At the 
same time, the cooling process is monitored in accordance with the technological regulations based on thermocouple 
readings installed on the ladle's bottom lining surface. 
The following device (Figure 5) was developed to cool the lining of the casting ladle used in ferroalloy production. It 
can heat the inner surface and cool the outer surface. 

 
Fig. 5. Device for cooling the ladle liner of the casting ladle of the ferroalloy plant: 1 − metal housing; 2 – lining; 3 – 

gas duct; 4 – supply gas duct; 5 – supply manifold; 6 − supply duct; 7 − аdjusting dampers; 8 – lid; 9 − outlet 
opening; 10 – chamber; 11 − burner; 12 – fan 
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The device contains a metal housing 1 with a lining 2. Lining 2 prevents the metal body from high temperatures. Gas 
duct 3 is designed to supply combustion products from the ladle heating and drying stand. High-temperature medium 
supply gas duct 4 is connected to the combustion products supply gas duct 3 from the ladle heating and drying stand. 
The high-temperature medium supply gas duct 4 is also connected to the cooling medium supply manifold 5 to the 
outer surface of the liner 2. The air supply duct 6 supplies air intended for cooling the liner 2. Air duct 6 is connected 
to gas duct 3 to supply the cooling medium to the inner surface of lining 2, and to manifold 5 to supply the cooling 
medium to the outer surface of lining 2. 
Gas ducts and air ducts supply cooling medium to the inner and outer surfaces of the liner 2. Adjusting dampers 7 
allows the temperature of the coolant provided to be changed by changing the flow rates of the cooling medium's 
constituent parts. 
The device for cooling the ladle lining has a lid 8, which covers the casing when the ladle is placed therein. Housing 
1 has an outlet opening 9 for the cooling medium. 
To increase the temperature of the cooling medium, a combustion chamber 10 with a burner 11 for burning ferroalloy 
gas is connected to the gas duct 3. 
The fan 12 is designed to reduce the temperature of the cooling medium by mixing it with the supplied air. 
The device for cooling the lining of the casting ladle of ferroalloy production works as follows. The casting ladle of 
ferroalloy production is placed inside the housing 1, which is closed with a lid 8. To cool the ladle liner, cooling 
medium is supplied to its inner surface through gas duct 3. The temperature of the cooling medium is regulated by 
changing the flow rates of three streams: combustion products flow in the gas duct 3 from the ladle heating and 
drying stand, air flow from the fan 12 and combustion products flow from the combustion chamber 10. 
The temperature of combustion products in the gas duct 3 from the ladle heating and drying stand depends on the 
stage of the ladle heating process. If this temperature is below the value required for cooling following the cooling 
schedule, the air flow from the fan 12 is closed. If the temperature does not reach the required level, the burner 11 is 
switched on and thus the temperature of the cooling medium supplied to the inner surface of the liner through the 
gas duct 3 is increased. The media flow is changed by adjusting dampers 7. 
After passing the inner surface of the lining, the cooling medium is fed to the outer surface of the lining 2. The 
temperature of the cooling medium supplied to the outer surface of the lining 2 is controlled by changing the air flow 
from the fan 12 and the flow of combustion products from the combustion chamber 10. 
The outlet opening 9 is through which the cooling medium is discharged from the device for cooling the lining of the 
casting ladle used in ferroalloy production. 
The developed device uses two types of secondary energy resource. Firstly, it uses ferroalloy gas, a by-product of 
ferrochrome or ferrosilicon production in a ferroalloy furnace, as a secondary fuel energy resource. This is a by-
product of producing ferrochrome or ferrosilicon in a ferroalloy furnace. Its composition and properties depend on the 
type of alloy being smelted and the stage of the process. Secondly, the device uses thermal energy in the form of 
the combustion products of ferroalloy gas, which are supplied from the ladle heating and drying stand. The heat from 
these gases is then used to cool the ladle lining sequentially. 
According to technological regulations, the lining is cooled in case of incomplete replacement by decreasing the 
temperature of the cooling medium over time. The cooling medium temperature changes the volumes of combustion 
products and air supplied. The developed device will increase the accuracy of compliance with the cooling schedule 
of the ladle liner of the casting ladle of ferroalloy production. 

4 Conclusion 

Analysis of the thermal operation of ladle liners at various enterprises shows that cooling before intermediate repairs 
and after melt draining is uncontrolled. The temperature stresses that arise during cooling of the liners exceed the 
permissible level, which leads to the destruction of the refractory material. 
Research into the condition of ferroalloy ladle liners reveals deep cracks in the refractory layer's surface that do not 
peel off. The appearance of these cracks, together with an analysis of the cooling rates of the linings, indicates the 
occurrence of thermal tensile stresses that exceed the strength limit of the materials used. 
A cooling schedule for casting ladle liners has been developed to ensure that thermal stresses do not exceed the 
strength limit of the refractory materials. At the same time, the cooling time is reduced from 19 hours 30 minutes to 
6 hours 50 minutes. During the initial period, the outer wall of the lining must be warmed up to reduce thermal 
stresses. This is because, from the moment the molten metal is poured, the lining cools significantly and the 
temperature distribution becomes more uneven. Heating the outer surface of the lining leads to a more uniform 
temperature distribution throughout its thickness and reduces thermal stresses. 
To maintain the scheduled cooling process of the casting ladle, a device was developed to cool the ladle liner. The 
ladle liner is cooled using a mixture of three media: ambient air from the workshop, combustion products from the 
ladle heating stand, and combustion products from ferroalloy gas burnt in the burner. The device cools the inner and 
outer walls of the lining and uses secondary resources (ferroalloy gas and combustion products from the ladle heating 
stand). It also conducts the cooling process according to rational modes. 
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This device can be used to cool the linings of various casting ladles during intermediate repairs involving the partial 
replacement of the lining. For example, it can be used to cool steel casting ladles. To this end, a mixture of three 
gaseous media is employed: ambient air from the workshop, combustion products from the ladle heating and drying 
stand, and combustion products from the fuel burned in the burner. Natural gas or a propane-butane mixture is 
typically used to heat and dry steel ladles. The developed device can burn any gaseous fuel in the burner instead of 
ferroalloy gas. 
The limitation of the device is that it cannot be used for the complete replacement of the entire lining, i.e. intermediate 
repairs. Additionally, these studies cannot be applied to production facilities that do not preheat the lining on heating 
and drying stands. 
Preliminary calculations show that using the developed device could increase the lining's durability by 5 % due to 
reduced thermal stresses [35] due to controlled cooling, the payback period will be no more than two months. The 
low payback period is explained by the use of secondary energy resources. This also contributes to a reduction in 
harmful emissions into the environment by reducing fuel consumption. 
The energy efficiency of the developed device must be assessed during the operation of the installation in production 
by measuring the thermal potential of gas flows. At the same time, it is worth considering the useful use of the thermal 
potential of combustion products from the stand for heating and drying ladles, which accounts for about 50 % of the 
heat generated on the stand. 
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