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DEVELOPMENT OF SLAG-FORMING MIXTURE FOR 

STEEL-POURING LADLE AND ITS APPLICATION 
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WITH HIGH ALUMINUM AND SULFUR CONTENT
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Flotation and assimilation of nonmetallic inclusions from metal slag in steel-pouring ladles and tundishes 

during pouring steels with increased aluminum and sulfur content are considered. The authors study the 

formation of nonmetallic inclusions in a steel-pouring ladle during steel extra-furnace treatment, the process 

of submerged nozzle clogging during continuous casting, the change in slag composition in a tundish, and 

development of an assimilation mixture composition for a steel-pouring ladle. Laboratory studies are made 

of the physicochemical properties of a developed SFM. It is established that use of the new SFM makes it 

possible to improve nonmetallic inclusion assimilation in a steel-pouring ladle and does not lead to a marked 

change in slag chemical composition and physical properties in a tundish. As a result of this, there is less 

steel contamination with nonmetallic inclusions and a reduction in submerged nozzle clogging.
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 During the manufacture of continuously-cast billets (CCB) of steel with an high aluminum and sulfur content at the 

Volzhskii Pipe Plant (VTZ) electric steel smelting workshop, an increase was noted in the level of clogging with nonmetallic 

inclusions, which often leads to critical recycling of molten steel from the continuous billet casting machine (CBCM), and cor-

respondingly to additional expenditure and loss of production. In addition, separation of nonmetallic inclusions (NI) deposits 

from the walls of a submerged nozzle and descent into the volume of steel in a mold leads to serious CCB defects, and in the 

worst case may become a reason for an accident in a CBCM (breakthrough of a solidifying billet skin). Nonmetallic inclusions 

that cause the clogging of submersible nozzles may be separated into two types. The fi rst type includes NIs that formed in steel 

before the instant of its passage through a submerged nozzle, for example, in the course of steel deoxidation and alloying, and 

the second includes NIs that form in steel during its movement through a submerged nozzle as a result of cooling. A method is 

given in this work making it possible before casting in a CBCM to reduce the steel content of the fi rst type of NIs, and thereby 

improve casting suitability of problem steel grades.

 Analysis of published data for application in a steel-pouring ladle (SL) of specialized slag-forming mixtures improv-

ing the assimilation capacity of a slag melt has shown inadequate study of this problem. The authors in [1] have developed 

a technology intended for adding to an SL after the end of degassing an acid melt with basicity 0.7–1.1, and after obtaining 

a uniform and fl uid slag, switching off the heating unit (furnace ladle), after which the metal is sent to the CBCM.
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 A technology is described in [2] for production of steel according to which in an SL before degassing a low basicity 

slag is added, and then the metal is degassed and transferred to a furnace ladle unit where its composition with respect to 

carbon and temperature is adjusted, after which it is poured into the CBCM. As a result of this, steel of greater purity is ob-

tained with respect to NI content. A lack of data for the composition of the slags used makes it impossible to use the method 

successfully for refi ning metal from sulfur and nonmetallic inclusions (NI) of unfavorable composition. In addition, the tech-

nology described above has the following disadvantages:

 1) addition of low-basicity slag and heating it and metal by electric arcs in ladles with a basic lining causes an in-

crease in the rate of ladle lining chemical erosion in the area of the slag belt as a result of increased solubility of magnesium 

oxide in slag with low basicity and with increased slag temperature (by about 100ºC above the metal temperature during 

heating with electric arcs);

 2) extremely long duration of extra-furnace treatment (45–210 min) reduces the arc furnace – degasser − CBCM line 

productivity, increases consumption of expensive ladle refractory linings, particularly in the slag belt, and electric energy. 

The duration of extra-furnace treatment should be equal to or even less than the continuous casting duration comprising under 

VTZ conditions 40–60 min.

 Development of SFM composition for steel-pouring ladle. The authors of [3] have shown that the effi ciency of NI 

assimilation in the tundish (TD) is considerably affected by the physicochemical properties of the molten slag: basicity, 

spreading temperature, viscosity, surface tension, and wetting angle. These properties may change considerably during pour-

ing of a series of melts under the action of a number of factors:

 • transfer of NIs into a slag phase;

 • breakdown and dissolution in slag of the TD lining working layer;

 • slag passing from the SL into the TD at the end of pouring each melt; and

 • entry of SL and TD slide gate deposits.

 The physical properties of molten slag depend directly on its chemical composition. Consequently, in order to main-

tain them at the initial level it is necessary to provide a constant chemical composition or an insignifi cant change within the 

TABLE 1. Slag Chemical Composition in Steel-Pouring Ladle and Tundish

Slag sample 
collection point

Content in slag, wt.%

MgO Al2O3 SiO2 CaO MnO FeO Na2O + K2O F

In steel ladle 6.8 34.1 8.2 46.2 0.3 0.8 – –

In tundish 3.4 14.7 34.2 35.3 <0.1 1.6 7.6 3.3

Fig. 1. Versions of developed SFM compositions for supply to SL [4].
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acceptable limits. This may be achieved by obtaining in an SL of slag that would be as close as possible to the chemical com-

position of slag in the TD. In addition, in this case molten slag in the SL will exhibit optimum physical properties for NI as-

similation during ladle transportation to a CBCM and steel casting, especially with blowing metal with argon through a bot-

tom porous insert.

 Slag mean statistical chemical composition in the SL after treating melt in a furnace ladle unit (FLU) during produc-

tion in the VTZ electric steel smelting workshop of steels with controlled sulfur and aluminum content, and also the compo-

sition of slag in the TD in the fi rst melt of a series are given in Table 1. As is seen from Table 1, slag composition in the SL 

differs markedly from its composition in the TD.

 In order to reduce the specifi c consumption of new SFM, preliminary skimming of slag from the steel-pouring ladle 

is performed after the end of treating steel in the FLU. Slag residue in the SL after skimming is 200–250 kg.

 In the four-component SiO2–CaO–Al2O3–5%MgO system (Fig. 1), point 1 marks the area corresponding to the 

composition of highly basic slag after treating melt in an FLU, point 2 is the area corresponding to the specifi c slag composi-

tion in the SL after supply of a new SFM, and points 3–7 signify the area of composition variation for the SFM developed.

 Calculated amounts of SFM of different versions are given in Table 2. The residual amount of slag in the SL after 

skimming equals 200 kg. Also given in Table 2 are values of SFM viscosity and melting temperature range measured under 

laboratory conditions.

 The use of SFM of composition versions 1 and 2 is undesirable, since it is connected with increased expenditure in 

view of their high specifi c consumption. The calculated consumption of SFM versions 3–5 is at an acceptable level. In order 

to perform tests, the fourth version of SFM composition was selected as the optimum with respect to set of properties. 

The overall SFM chemical composition for the SL is given below, wt.%: SiO2 53.5–57.5, CaO 19.0–23.0, Al2O3 4.0–8.0, 

MgO 4.0–6.0, Na2O + K2O 2.0–5.0, F 1.0–3.0, С 2.0–6.0, Fe2O3 ≤ 3.0, H2O (hygr.) ≤ 1.0.

TABLE 2. Calculated Amount of Additive for Different Versions of Developed SFM Composition

SFM version 1 2 3 4 5

Point in Fig. 1 3 4 5 6 7

Basicity (CaO/SiO2) 0.63–0.68 0.53–0.58 0.45–0.50 0.39–0.44 0.33–0.38

Additive weight, kg 460 330 250 210 180

Viscosity, Pa·sec 0.86 0.97 1.05 1.10 >1.5

Temperature for start of melting, ºC 1222 1215 1218 1227 1277

Spreading temperature, ºC 1230 1220 1223 1233 1292

TABLE 3. Results of Metallographic Study of Metal of Melts 1–4 in Steel-Pouring Ladle (SL) and Tundish (TD)

Melt number in series Sample collection point NI content, vol.% Minimum NI size, μm Maximum NI size, μm Average NI size, μm

1
SL 0.00470 0.38 3.6 1.54

TD 0.00334 0.42 3.15 1.42

2
SL 0.00342 0.27 3.6 1.42

TD 0.00302 0.29 3.35 1.44

3
SL 0.00273 0.37 3.35 1.35

TD 0.00250 0.45 2.26 1.34

4
SL 0.00350 0.32 1.77 1.35

TD 0.00312 0.30 1.77 1.35
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 Addition of this SFM makes it possible to obtain slag in the SL whose chemical composition approaches to a maxi-

mum the slag composition in the TD. The content of magnesium oxide at the level of 4.0–6.0 wt.% makes it possible to reduce 

erosion of the TD periclase lining. Fluorine and alkali metal oxides are added in a small amount in order to reduce the melting 

temperature and molten slag viscosity with the aim of improving assimilation capacity. Carbon is added to the SFM since 

during burning a protective atmosphere is created and it partly balances the loss of metal heat in SFM melting. Additional steel 

heating in the FLU for SFM melting is not necessary.

 Industrial testing of new SFM. Two schemes were tested for supply of SFM to the SL: before and after steel degas-

sing. As a result of this, it was determined that supply of mixture before degassing is preferable since in this case slag mixes 

more effectively, and it is homogenized and changes its chemical composition more rapidly. Good conditions are created in 

the degassing unit for assimilation of fl oating NIs by molten slag.

 Collection of metal samples of test melts was made from the SL and TD. The NI volume fraction was determined 

in the samples collected, and their size and type were evaluated. Results of metallographic studies are given in Table 3 and 

Fig. 3. Typical form of nonmetallic inclusions in steel C45E: a, b) fi ne sulfi des and oxides; 

c, d) oxide and sulfi de shell.

Fig. 2. Typical nonmetallic inclusion size distribution in sample of steel of the 

fi rst melt in a series.
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in Figs. 2 and 3. Proceeding from data given in Table 3, good NI assimilation by molten slag in the SL and TD over the extent 

of a whole series of melts may be confi rmed. The volume fraction of NIs in steel decreases by 8.4–11.7 rel.% in the second 

and fourth melts. In the fi rst melt in a series, the NI volume fraction in steel decreased by 28.9 rel.%. This is explained by the 

initially greater metal NI contamination.

 The data given in Fig. 2 clearly demonstrate that there is NI removal for the whole measurement series.

 In all of the specimens analyzed, fi ne (less than 1 μm) inclusions of globular shape are present, distributed relatively 

uniformly within metal, and sometimes small accumulations are observed (see Fig. 3). According to metallographic indica-

tions, the main forms of NIs are fi ne oxides and sulfi des, and relatively coarse oxides in sulfi de shell are also present whose 

maximum size varies within limits of 2.5–5.0 μm.

 In test series of melts using the new SFM in an SL, submersible nozzles were not replaced for the reason of clogging, 

and also there was no critical recycling of molten steel from the CBCM. From three to six submersible nozzles were replaced 

due to clogging before using the SFM developed during steel grade C45E continuous casting for a series of four melts.

 Conclusion. As a result of carrying out this work, a new SFM composition has been developed for supply to a 

steel-pouring ladle when melting steel with an increased aluminum and sulfur content under Volzhskii Pipe Plant conditions. 

The use of new SFM made it possible to improve the effi ciency of nonmetallic inclusion assimilation by slag in the steel-pour-

ing ladle and tundish over the extent of a whole series of melts, which in turn led to a reduction in clogging of submersible 

nozzles and an increase in stability of the steel continuous casting process.
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