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Introduction

During the production of dynamo steel the technol-

ogy of RH-process is typically used to reduce the content 

of dissolved oxygen and carbon in the melt. In the pro-

cess of evacuation, silicon in the form of ferrosilicon and 

aluminum are supplied as deoxidizers and alloying agents 

into the ladle equipped with MgO–C refractory for the slag 

zone. It is noted that the addition of silicon and aluminum 

increases the carbon content in steel in an amount that can-

not be explained by the carbon content in the deoxidizers 

and alloying agents alone. In addition, with subsequent 

secondary refining, the carbon content increases. Thus, 

the present study focuses on the reasons for the carbon in-

crease, which are attributed to the slag influence. The goal 

of the paper is to evaluate the slag parameters that prevent 

the refractory wear and subsequent dissolution of carbon 

in the melted steel.

In the production of ultra-low carbon steels, it is especially important to prevent the carburization of the melt.  

The latter can occur as a result of lining corrosion, when carbon ions transfer from the ladle lining to the melted 

steel. This process is mainly caused by the corrosive effect of slags on the refractory and is associated with their 

chemical composition and physical properties, such as viscosity. While many slag-refractory systems are cur-

rently used in the steel making, such systems often lack sufficient data for the strict modeling of the interaction 

process. In this work, we investigate the corrosive behavior of various slags on MgO–C lining in order to mini-

mize the increase in carbon during the dynamo steel production. It is established that the main factor influenc-

ing the wear of the lining is its phase composition. Spinel, which forms at the slag-refractory interface, can be 

washed out from the boundaries of the lining, exposing its internal layers to the slag. However, in the presence of 

calcium aluminate CaAl4O7 in the remaining melt, the intensive washout of the spinel layers is inhibited. These 

components act as a protective factor even when MgO content in the slag is relatively low. Thus, by changing the 

composition of the slag, it is possible to obtain extremely low wear of MgO–C refractories even with small MgO 

content in the slag and therefore reduce the subsequent carburization of the metal caused by corrosion of the 

refractories in the slag zone.

Key words: periclase, MgO–C refractories, spinel, calcium aluminate, refractory corrosion, slag, phase composi-

tion, dynamo steel.

DOI: 10.17580/cisisr.2024.01.04

Thus far, the investigation of MgO–C refractory destruc-

tion under the slag influence was discussed in many works  

[1–10]. In general, the mechanism of refractory corrosion 

and carburization of metal can be explained in the follow-

ing way:

1. Oxidation of carbon at the slag-lining interface;

2. Penetration of the slag melt into the refractory; 

3. Exposure of all new carbon-containing layers  

              of the refractory material;

4. Ingress of the carbon at the slag-metal interface  

              and its dissolution in steel.

Apart from the lining corrosion, the increase in the car-

bon content of metal can be influenced by other factors. For 

example, when using carbon-containing magnesia refrac-

tory, gasification of carbon in MgO–C refractories can occur 

by direct interaction of lining carbon and oxygen in the re-

actor atmosphere or by MgO reduction with carbon at high 

temperatures (more than 1400 °C) [11,12]:
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2C (s) + O2 (g) =  2CO (g) (1)

C (s) + MgO (s) =  Mg (g) + CO (g) (2)

Carbon monoxide formed by these reactions can then be 

reduced by aluminum dissolved in steel by the reaction [6]:

2 [Al]+3 CO (g)=(Al2 O3 )+3 [C] (3)

For the steel grade under study (dynamo steel), this 

process can be especially relevant, since it contains high 

concentrations of Al, although an increase is observed after 

the addition of not only aluminum, but also ferrosilicon.

Also, worth noting the carbon solubility decrease in the 

slag with a change in its composition. Indeed, it is difficult 

to imagine that the carbon in the oxide melt remains bound 

and is not transferred into the gas phase in the form of CO2. 

Nevertheless, some studies [13–17] suggest that the solubility 

of carbon in oxide melts is nonzero, and variation of the slag 

composition by adding alloying and deoxidizing agents 

can change this solubility, thus intensifying the transition  

of carbon from slag to metal.

The factors that protect the lining from the corrosive ef-

fects of slag are explored further.

Formation of a protective layer. According to some 

researchers, a protective layer of hard-melting complex 

oxides can form in the zone of contact between the slag and 

the lining [9,18,19]. In [19] a scheme was proposed, in which 

the interaction of MgO–C lining with slag has the following 

sequence: 

1. Reduction reaction between FeO in the slag and car-

bon in MgO–C refractories with forming of a foamy slag, 

metallic Fe and voids in the refractory; 

2. Slag penetrating into these voids after decarburization 

on the surface; 

3. Interaction of penetrated slag with MgO particles and 

forming a high melting point protection layer.

However, not all slags are suitable for creating a protec-

tive layer [20]. 

Slag saturation with the main component of refractory. 

Slag saturated with MgO does not have a corrosive effect 

on the magnesia lining, since in such solution a solid oxide 

phase precipitates instead. Achieving the required MgO 

concentrations in the entire volume of the slag is difficult 

for technological reasons. However, if there are pores in 

the lining material, in which the slag can be retained, it is 

possible to locally obtain a solution with a high concentra-

tion of MgO, which ensures the formation of a protective  

layer [9, 21]. 

High viscosity of the slags. High viscosity prevents the 

slag penetration into cracks and pores of the lining [9, 21]. 

However, its effect on corrosion can be ambiguous. On 

the one hand, the lower the viscosity is, the more intense 

the chemical interaction at the interface becomes – the 

slag f lows into the cracks and voids between the structural 

components of the refractory and washes them out. On 

the other hand, in the case of the formation of a protective 

layer, the liquid slag can provide better adhesion to the 

lining surface, by f lowing between the refractory grains, 

as shown in [20].

Despite a large number of works devoted to the interac-

tion between slag and magnesia lining, this process is influ-

enced by many factors, and there is no detailed study that 

would take into account all of them at once. In particular, 

most studies are limited to the content of Al2O3 in the in-

vestigated slags in the region of 20%, while for dynamo steel 

this content at the end of evacuation can exceed 30 %. Other 

research focuses on the effects of additives such as CaF2 and 

does not cover a wide range of compositions. The methodol-

ogy of experiments vary as well: the method of static determi-

nation for slag resistance; dynamic methods in an induction 

furnace with a melt placed in a magnesia crucible [22]; the 

“rotating finger” method, in which a refractory sample on 

a rotating holder is immersed in the melt and then rotated 

[23–26]. Refractory samples in these works have all different 

compositions, so it is challenging to make an appropriate 

comparison. 

In order to obtain better insight in the corrosion process 

that occurs during the industrial steelmaking, we consider 

the slags with a wide range of chemical compositions, which 

can form during the dynamo steel processing. Likewise, we 

use lining samples made from MgO–C refractories, similar 

to ones implemented in the production. Thus, we aim to 

simulate the real conditions o of the technological process, 

so the obtained results would be suitable for the operating 

industrial plant.

The paper is organized as follows: first, we describe the 

samples preparation, then provide details on the conducted 

experiments and, at last, discuss the obtained results. The 

paper ends with a conclusion section and briefly outlines the 

further possible research.

Experimental and Analysis Method

A series of high-temperature experiments were carried 

out at 1550 °C under a well-controlled inert atmosphere. 

Slags were preliminarily synthesized by mixing a desired 

proportion of pure chemical reagents, wt %: CaO (> 99.5), 

MgO (> 99.7), Al2O3 (> 99.0), SiO2 (>99.5 ), FeO (> 99.5). 

They were melted in ZrO2 crucibles in a heating furnace 

above 1500 °C. After the melting and cooling, the crucibles 

were crushed, slag was separated from the supporting mate-

rial and milled in the grinding pan. The slag compositions 

were designed to simulate those obtained in the industrial 

conditions. All investigated chemical compositions are pre-

sented in Table 1.

Hot-rolled dynamo steel sheets provided by an industrial 

partner were cut on a band-saw and degreased. The composi-

tion of the metal is shown in Table 2.

Refractory samples were cut from periclase-carbon bricks 

using a core extractor. Each sample had length of 200 mm 

and the diameter of 13 mm. Refractory characteristics are 

presented in Table 3.

The slags and metal prepared in this way were then 

used in an experiment carried out by the “rotating finger” 

method in a heating furnace, the scheme of which is shown  
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Table1. Slag composition (wt%)

Composition Al2O3 FeO CaO MgO SiO2

1 9.5 15.2 59.0 6.0 5.5

2 31.9 16.5 38.0 5.6 5.7

3 5.5 17.4 45.2 5.8 22.2

4 27.8 17.4 25.5 5.7 21.5

5 5.5 17.7 42.5 16.3 14.0

6 30.5 17.1 30.4 16.1 5.6

7 10.3 17.1 34.4 15.0 21.5

8 27.8 17.7 16.1 16.1 21.5

9 9.7 17.9 46.5 9.1 12.4

10 25.5 17.5 27.9 12.7 14.1

11 19.6 18.1 44.2 8.6 5.0

12 13.7 17.6 31.1 12.9 23.1

13 22.7 16.2 39.6 6.8 13.6

14 15.5 16.5 32.1 19.6 14.6

15 10.8 17.7 50.6 5.4 11.1

16 14.6 17.2 35.5 13.1 17.9

Table 2. The chemical composition of the dynamo steel  

                (wt%)

Al Si Mn C Fe

1.0 3.0 0.15 0.002 balance

Table 3. Refractory specimen characteristics

MgO, 
 wt%

C,  
wt%

Apparent density,  
g/cm3

Effective 
porosity, %

�92 �8 �2.8 �9

in Fig. 1. Steel in an amount of 800 g was placed in a ZrO2 

crucible and heated in a tubular furnace at a rate of 10 °C/min  

with a continuous flow of argon (> 99.999  wt%) into the oven 

chamber. After the steel melted and reached a temperature 

of 1873 K, 50 g of the prepared slag was placed on the metal 

through a corundum tube. After the slag was melted, the re-

fractory sample was immersed in the metal on a depth of 

20 mm and rotation was started at a speed of 100 rpm. During 

the experiment, samples of metal and slag were taken with a 

quartz sampler. After 60 minutes, the rotation was stopped, 

the refractory sample was taken out of the melt and cooled 

in air. The crucible with the melt was cooled together with 

the furnace.

To assess corrosion, refractory samples were prepared 

on a RotoPol 35 grinding and polishing machine with a 

PmdForce 20 sample holder (Struers), after which they were 

filled with epoxy resin under vacuum on an impregnator for 

cold pressing of samples (CitoVac, Struers).

The sample structure with the determination of its 

chemical composition after experiments was investigated on 

the mineralogical complex MLA System Quanta 650 (FEI 

Company). This complex includes a SEM Quanta 650 scan-

ning electron microscope, an EDAX Silicon Drift Detectors 

controlled by Genesis software, and an integrated MLA Suite 

software. Before examination on a scanning electron micro-

scope, carbon spraying was applied to the specimens to en-

sure conductivity.

The analysis of the chemical composition of the slags 

was carried out on an AXIOSmaxAdvanced X-ray fluores-

cence spectrometer (PANalytical, Netherlands). The carbon 

content in the metal and slag was determined on an ana-

lyzer for sulfur, total carbon and carbonate CS-2000 (Eltra, 

Germany).

Fig. 1. Schematic diagram of the experimental apparatus
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Each specimen demonstrates a sharp increase of carbon 

content in steel (Fig. 3), which is associated with the metal 

carburization from the sample surface. The smallest increase 

in steel carbon corresponds to slags 4, 5, 13, 2. The larg-

est increase is found for slags 9, 15. The final slag chemical 

compositions are shown in the Table 4. After comparison 

Tables 1 and 4, it can be seen that the slag final composition 

changes towards an increase in Al2O3, which is also observed 

Results and discussion

One of the obtained experiment samples (slag 8) is shown 

in Fig. 2. It features general view and the magnified slag in-

teraction section.

(a) (b)

Fig. 2. Experiment sample (a) and its slag zone longitude 
section (b) (slag 8)

Table 4. Final chemical composition of slags

Slag Al2O3 FeO CaO MgO SiO2 С

1 48.54 1.33 37.43 6.45 3.24 0.15 

2 64.53 0.90 23.43 4.85 3.41 0.09 

3 61.65 0.30 19.84 5.76 6.65 0.13 

4 53.10 6.08 27.59 3.71 11.28 0.02 

5 27.75 3.97 38.62 13.79 16.12 0.05 

6 59.40 1.57 18.21 18.01 3.05 0.23 

7 54.30 1.45 15.23 17.50 10.34 0.25 

8 47.78 4.97 13.23 22.50 12.50 0.18 

9 49.60 2.13 17.08 23.10 8.06 0.28 

10 56.30 2.22 16.22 22.05 5.78 0.13 

11 62.72 0.65 22.97 9.94 3.42 0.19 

12 59.05 1.59 15.07 18.08 6.88 0.19 

13 61.76 1.00 21.38 5.17 6.99 0.07 

14 60.65 2.42 17.76 14.70 5.02 0.19 

15 48.14 0.56 27.31 12.83 6.25 0.33 

16 56.60 1.17 12.42 26.34 3.28 0.14 

in industrial conditions. The content of Al2O3 in industrial 

slags reaches 40–50 wt%. During smelting, dissolved in the 

metal Al reduces FeO in the slag. Hence, in the following 

experiments, FeO is absent and an additional amount of 

Al2O3 is dissolved in it. The wear of refractories was estimated  

by the area of corrosion in photographs of longitudinal sec-

tions (Fig. 2b) in the JMicroVision software [27]. Viscosity 

and limiting solubility of MgO in slags were calculated using 

the FactSage program [28]. The red lines in Fig. 2b indicate 

the original boundaries of the specimen. Comparison of the 

corrosion degree of the samples and the increase in carbon in 

the metal is shown in Fig. 4. It can be seen that the increase 

in carbon is directly proportional to the corrosion degree, 

Fig. 3. Carbon content increase in steel during the experiment
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which indicates that the refractory wear is undoubtedly the 

main factor leading to the carburization of metal. At the same 

time, other factors, such as the change in the solubility of 

carbon in the slag (which depends on its composition) and 

the reaction mechanism (3), have minimum impact.

The results of corrosion and carbon increase in steel do 

not correlate directly with any single input parameter. Fig. 5 
shows that there is no direct relationship between the content 

of Al2O3, MgO in the slag, basicity, viscosity and limiting 

solubility of MgO. Basicity was calculated using the formula 

B = (CaO + MgO) / (SiO2 + Al2O3). For slags with the great-

est corrosion (compositions 9 and 15), the lowest viscosity 

was obtained, which can explain their high corrosion effect 

on the lining (Fig. 5d).

The obtained results can be conditionally divided into 

three groups (Fig. 5с). For slags 1, 2, 4, 5, 13, corrosion, as 

well as an increase in carbon, was insignificant. Slags 9 and  

15 showed the highest corrosion. The rest took an intermedi-

ate position in their effect on the lining.

The experimental results showed not only the absence 

of a direct relationship between any single characteristic of 

the slag (content of a certain component, viscosity, etc.), but 

also some counterintuitive observations. Namely, in slag 2, 

the MgO content was low, and it was reasonable to assume 

that it would be more aggressive towards the periclase re-

fractory material than the compositions more saturated with 

MgO. However, this composition showed, on the contrary, 

low corrosion. As can be seen from the data in Fig. 5e, at 

approximately the same value of the solubility of MgO for 

samples 1, 5, 9, 15, the wear values for 1 and 5 are minimal, 

and for 9 and 15, they are maximal.

To explain the reasons that intensify or inhibit the ero-

sion of the lining by the slag melt, a micro X-ray spectral 

analysis of refractory samples in the zone of the slag belt 

was carried out from three groups: those showing minimal 

wear (slag 2), medium (slags 6, 8), maximum (slag 15). The 

results are shown in Fig. 6–9. Black areas correspond to 

pores formed as a result of sample spalling during speci-

men preparation. The phases of the melted slag were defined 

by the stoichiometric ratio of the components in the cor-

responding areas.

First, we note that in the SEM photographs of slag 2 sam-

ple, one can see corrosion that was not observed visually. 

This wear area is highlighted in green. Fig. 6 shows that the 

Fig. 4. Dependence of carbon increment in steel on lining 
corrosion

Fig. 5. Dependence of lining wear on various factors: Al2O3 content (a), MgO content (b), basicity (c), viscosity (d),  
limiting solubility of MgO (e)
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silicate melt of oxides MgO, Al2O3, CaO, SiO2 in different 

ratios (light gray phase in the photo) penetrates into cracks 

between refractory grains, dissolving MgO. As a result of 

saturation of the oxide solution with MgO, spinel is formed 

(MgAl2O4, highlighted in green), which has a high melting 

point (more than 2273 K) and crystallizes at experimental 

temperatures (1873 K). Since the yellow line represents the 

boundary of the sample, it can be concluded that spinel is 

formed within the refractory material. First, it remains there, 

but then it begins to dissolute with the remaining oxide melt, 

which is especially noticeable in slag samples 6 and 8 (Fig. 7 

and 8). For slag sample 2, there is no noticeable washout 

of the refractory. The precipitation of the spinel crystalline 

phase from the melt can be judged by the fact that it has 

Fig. 6. X-ray spectral analysis of slag 2 sample: interaction between the slag and refractory (a), (b) ,  magnified image of the zone 
with refractory deep layers and oxide melt between finely dispersed MgO grains (c)
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Fig. 7. Results of X-ray spectral microanalysis of slag 6: removal of the formed spinel from the refractory surface (a), formation  
of spinel dendrites in the melt (b)

Fig. 9. Results of X-ray microanalysis of slag 15 sampleFig. 8. Results of X-ray microanalysis of slag 8 sample

a characteristic geometric shape, which is clearly visible in 

samples 6 and 8 (Fig. 7 and 8), where it is formed in a large 

amount and is distributed in the oxide melt. Metal drop-

lets are deposited on the surface of the solid MgO phase in 

the refractory material. These observations are confirmed 

by analyzing Fig. 7: the edges of the refractory material 

(point 5) are also blurred, and the metal phases (white spots) 

are deposited mainly on spinel particles (point 4). This in-

directly confirms the assumption that solid spinel particles 

are formed not during the cooling of the melt, but during 

the melting process. As a result, metal droplets distributed in 

the oxide melt are aggregated on the periclase surface. After 

the spinel particles are separated from the refractory surface, 

they are carried away by the oxide melt flows to the slag. The 

Fig. 7b shows how the spinel formation process proceeds in 

the oxide melt. Dendrite-shaped phases are precipitated in 
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the slag. These dendrites, most likely, represent the initial 

stage of spinel formation, since their further growth occurs 

along them”, which is clearly visible in the highlighted area 

in Fig. 7. For sample 2, the presence of calcium dialuminate 

(CaAl4O7) in the slag around the refractory is also observed. 

Its melting point exceeds the experimental temperature, thus 

one can expect the crystallization during melting at 1600 °C. 

These inclusions are also crystalline. It can be assumed that 

for slag 2 it is exactly the phase CaAl4O7 that prevents the 

washing out of the spinel formed in the refractory, the fur-

ther contact of the oxide solution with the refractory MgO 

and the destruction of the sample. Indeed, although spinel 

formed in sample 2, it remained within the boundaries of the 

refractory. For slag sample 15, which belongs to the group of 

compositions that showed the maximum corrosion, CaAl4O7 

is absent, and the slag is an amorphous phase of silicate melt 

of complex composition (Fig. 9). 

For clinkers based on Al2O3 and MgO, the presence of 

calcium aluminates in the oxide melt is considered by re-

searchers as a protective factor that prevents the destruction 

of the lining due to the fact that the formation of refractory 

aluminates such as CaAl4O7 and CaAl12O19 increases the 

viscosity and the melting point of the slag [29]. Apparently, 

these phases have a similar effect in the case of the slag melt 

interaction with the periclase refractory.

It can be concluded that spinel is not a protective struc-

tural component of the slag by itself, but depends on the prop-

erties of the surrounding solution and its corrosion ability. 

Indeed, spinel is formed due to the material of the refrac-

tory itself, by dissolving MgO and saturating the oxide melt 

with it. In fact, this is the process of lining corrosion, and in 

the general case, it continues until the component required 

for this reaction (here Al2O3), is consumed. Indeed, Fig. 6c 

(points 1–4) shows the composition of the melt flowing deep 

into the refractory after the spinel formation has already taken 

place on the surface, which is almost completely free of Al2O3. 

However, if there are factors in the system that inhibit the sup-

ply of the necessary reagents to the reaction zone, this process 

can stop, and the corrosion of the lining will be restricted. 

This factor can be the properties of the remaining melt – its 

high viscosity or the formation of other high melting phases in 

it, which prevent the washing out of the reaction products of 

the lining and oxide melt. This conclusion is consistent with 

the fact that, indeed, slag 8 had less wear than slag 6.

It is widely believed that spinel, which forms in the slag 

during its interaction with the refractory [9] or is present in 

the refractory composition [30], has a protective effect on 

the lining. However, the chemical corrosive effect of slag on 

a lining containing MgO or MgAl2O4 will primarily depend 

on the composition of the slag itself. Based on the results 

of this study, it can be assumed that, since it was spinel that 

was formed as a result of the slag-lining interaction, then 

when using refractories containing MgAl2O4 in their com-

position, destruction as a result of a chemical reaction would 

not occur, since during the dissolution of periclase, the slag 

is saturated with MgO with precipitating of MgAl2O4. On 

the other hand, when working with slags, in which the main 

phase is not spinel, but periclase, there is no thermodynamic       Fig. 10. Correlation matrix

stimulus for the dissolution of MgO, and corrosion is restrict-

ed by thermodynamics. For such slags, periclase refractories 

will show higher corrosion resistance.

Regression model development  
of the MgO–C lining corrosion

As was shown above, it is incorrect to assess the possi-

ble degree of lining corrosion based on any separate factor 

alone, and it is necessary to consider all criteria simultane-

ously  (component content, viscosity, limiting solubility of 

MgO in slags). 

The mutual influence of parameters was calculated ac-

cording to the sensitivity analysis [31] in a form of correlation 

matrix (Fig. 10). Here, the first 5 factors are the chemical 

composition of the slag, Visc is the viscosity of the slag cal-

culated in the FactSage program, and Wear is the wear of the 

lining. Dyn_C is the increase in carbon, which is found as the 

ratio of the absolute carbon value to the time (during which 

the experiment was carried out). MgOS is the indicator char-

acterizing the limiting solubility of magnesium, found as: 

MgOS = (MgOSol – MgO)/MgO, (4)

where MgOSol is a solubility of magnesium, calculated 

in the FactSage softwear.

Fig. 10 shows which parameters and in which direction 

affect the dynamics of carbon growth and lining wear. A di-

rect correlation between the wear and carbon gain is evident, 

however other parameter relationships are less straightfor-

ward. In order to evaluate the values of carbon growth and 

lining wear, outside the range of the studied slags, two predic-

tive models were built with the input parameters: chemical 

composition of slags (Al2O3, CaO, MgO, SiO2), viscosity 

(Visc), limiting solubility MgO (MgOS), and the output 

parameters: carbon gain (Dyn_C) and liner wear (Wear). 

FeO was excluded from the input parameters of the models 

because it linearly depends on the remaining input factors: 

FeO = 100 – Al2 O3 – CaO – MgO – SiO2 (5)
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The calculations were made in Python by using stand-

ard machine learning libraries [32]. Data was divided into 

training (80 %) and test (20 %) groups. Several standard 

models (Linear Regression, Polynomial Features, Random 

Forest Regressor, K-Neighbors Regressor, Support Vector 

Regression, Ridge-Lasso Regression) were tested with R2 

(coefficient of determination) as a score metric. After com-

parison, Random Forest Regressor showed the best results.

For carbon increase model the best accuracy was ob-

tained for input parameters Al2O3, MgO, ln(CaO/SiO2), 

Visc, MgOS. For lining wear model the best accuracy was 

obtained for input parameters Al2O3, CaO, MgO, SiO2, Visc. 

These results are given in Fig. 11. 

The trained models were also used to predict the carbon 

increase in steel and lining wear in the range of input pa-

rameters, where no experiments were performed. For this 

purpose, the input parameters were generated by the «Space-

filling Latin hypercube» method [33].

Both prediction models were implemented in a calcula-

tor that allows evaluating the lining wear and carbon increase 

in steel depending on the slag composition. The examples of 

calculation are presented in Fig. 12.

In addition to the graphical representation of the results, 

the calculator provides the chemical composition of the slag 

with the smallest carbon increase and with the lowest lining 

wear (Table 5). 

Conclusions

In this work, we studied the interaction of slags with a 

high content of Al2O3 with a periclase-carbon lining in the 

smelting of dynamo steel. The obtained results can be sum-

marized in a following way:

1. A relatively small change in the chemical composition 

of the slag can significantly vary its phase composition, and 

this is the main factor that affects the degree of slag corrosion 

of the periclase lining;

Fig. 11. The results for all experiment points for: (a) carbon increase model, (b) lining wear model

Table 5. Recommendations for slag compositions, which leads to the lowest carbon increase in steel and lining wear

Al2O3 CaO MgO FeO Visc_ini_Slag SiO2 B

23.08 42.14 12.0  15.0 0.0212  7.77   5.42  

2. By using a slag with a certain phase composition, it 

is possible to obtain extremely small corrosion of the peri-

clase lining, which is especially important in the conditions 

of ultra-low-carbon steels processing when using periclase-

carbon lining as the slag line;

3. Spinel, formed as a result of the interaction of slags 

containing Al2O3 with the periclase of the lining, is not nec-

essarily a protective layer by itself, but only acts in a combi-

nation with the properties of the oxide melt, which prevents 

the spinel from erosion and further contact of the slag and 

the lining

4. Calcium dialuminate CaAl4O7 acts in the slag com-

position as a protective phase for the periclase lining, which 

prevents the washing out of the corrosion products and fur-

ther destruction of the refractory;

5. Based on the experiment results, predictive models for 

lining corrosion and metal carburization were developed. 

These models are based on the slag physical and chemical 

properties and can be used for the quick assessment of cor-

rosion effects and carbon increase in the melt.

Our further research aims to determine the criteria for 

obtaining calcium aluminates in an oxide melt to reduce the 

corrosive effect of slag on the lining and the carbon content 

in steel.
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