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CALCULATION OF ALUMINIUM DEOXIDISER MELTING IN THE STEEL LADLE 

 

РОЗРАХУНОК ПЛАВЛЕННЯ АЛЮМІНІЄВОГО РОЗКИСЛЮВАЧА  

В СТАЛЕРОЗЛИВНОМУ КОВШІ 

 

Today, the development of the steel industry constantly requires the introduction of new tech-

nologies to save resources and improve product quality. One of the most important processes in 

steelmaking is the out-of-furnace treatment and semi-finished product smelting in metal finishing 

 facilities. 

Out-of-furnace treatment as a trend in steel industry is a process that improves quality and re-

source efficiency. Deoxidation of steel in a steel ladle is one of the main operations that improves 

product quality by reducing dissolved oxygen in the metal melt. This procedure is carried out by in-

troducing aluminium into the liquid metal when the steel is discharged into the ladle from the 

steelmaking unit. 

Keywords: steel ladle; deoxidation of steel; metal melt; slag melt; aluminium deoxidiser;  

mathematical model Dusimber method. 

 

На сьогоднішній день розвиток металургійної промисловості постійно потребує вве-

дення нових технологій для ресурсозбереження та підвищення якості продукції. Одним з най-

важливіших процесів у сталеплавильному виробництві є процес позапічної обробки та виплавки 

напівпродкуту в установках доведення металу. Процес позапічної обробки як напрямок у ме-

талургії є процесом, який підвищує якість і ресурсозбереження. Розкислення сталі в сталероз-

ливному ковші — це одна з головних операцій, яка покращує якість продукції за рахунок змен-

шення розчиненого кисню в розплаві металу. Така процедура здійснюється шляхом введення в 

рідкий метал алюмінію, коли здійснюється випуск сталі в ківш зі сталеплавильного агрегату. 

Алюміній значно легший за сталь, тому закинутий у ківш розкислювач спливає на пове-

рхню шлаку, інтенсивно взаємодіючи з атмосферою і зі шлаком. При використанні згаданих 

виробів спостерігається низьке (5—15 %) засвоєння алюмінію рідким металом. Дефіцит і ви-

сока вартість алюмінію постійно змушують металургів шукати шляхи зниження його ви-

трат. Вирішенням поставленої задачі є збільшення щільності алюмінійвмісного злитка шля-

хом введення обважнювача з одночасною ізоляцією його поверхні. Ця задача належить до за-

дач теплопровідності з рухомими межами розділу фаз. Для її розв'язання використано різнице-

ву схему, засновану на врахуванні прихованої теплоти плавлення за методом Дюзімбера. 
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При введенні розкислювача в процесі випуску металу з конвертера в сталерозливний ківш 

спочатку він перебуває в об’ємі розплаву, а потім спливає на границю шлак-метал. Після розпла-

влення намерзлої сталевої оболонки і потім чавунної оболонки, частина рідкого алюмінію спли-

ває на шлак, а частково конвективними потоками металу розноситься в об'ємі металу. 

Для розрахунків злиток представлений у вигляді циліндра діаметром до 110 мм і завдо-

вжки 700 мм, і розташований на межі шлак-метал. Результати обчислювального експериме-

нту дають змогу встановити раціональні режими введення кускових добавок із різних матері-

алів, які забезпечують найсприятливіші умови для їхнього розплавлення в сталерозливному ко-

вші або ковші-печі. 

Ключові слова: сталерозливний ківш; розкислення сталі; металевий розплав; шлаковий 

розплав; розкислювач алюмінію; математична модель; метод Дюзімбера. 

 

Problem’s Formulation 

Having reviewed the technological processes which are used at metallurgical enterprises and 

having conducted a literature review of the problems of improving the quality of products, it was 

found that aluminium is much lighter than steel, so aluminium introduced into the ladle of castings 

floats to the surface of slag, interacting intensively with the atmosphere and with slag. At such use of 

aluminium-containing deoxidisers low (5—15 %) assimilation of aluminium in the metal melt is ob-

served. The high cost of aluminium constantly forces metallurgists to search for ways to reduce its 

consumption. In this articles we propose a solution to the problem of qualitative aluminium assimila-

tion in the steel ladle by increasing the density of aluminium ingot through the use of a weighting 

agent and a protective shell of metal to isolate its surface from the impact of slag [1,2]. 

Analysis of recent research and publications 

This problem belongs to the problems of heat conduction with moving interfaces, and numeri-

cal methods are used for its solution. The universal method of calculation is the finite difference meth-

od. A difference scheme based on the Dusimber method of accounting for the latent heat of fusion has 

been used. The method has already been applied to solve one-dimensional problems of melting of al-

uminium deoxidiser during steel finishing in a steel ladle, as well as to study the melting kinetics of 

aluminium and powder wires during their introduction into liquid steel. In addition, the method was 

applied to solve the two-dimensional melting problem of an aluminium rod (longitudinal flow of a 

cylinder) with a protective coating [2—4]. 

Formulation of the study purpose 

The aim of the work is to calculate the melting on the basis of the Dusimber method of cylin-

drical-shaped materials under asymmetric boundary conditions in a steel casting ladle. 

Presenting main material 

When introducing deoxidant in the process of metal release from the converter into the steel 

ladle, it will be either in the melt volume or at the slag-metal interface Fig. 1. After melting of the fro-

zen steel shell and then the protective shell, part of the liquid aluminium will float to the surface of the 

slag, and part with convective flows of metal will get into the molten metal volume. 

 

 
 

Fig. 1. Scheme of melting of aluminous deoxidiser at the slag-metal interface 
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The specified deoxidiser is presented in the form of a cylinder with a diameter of 60—120 mm 

and length up to 700 mm, located at the slag-metal interface (Fig. 1). We assume that the temperatures 

of liquid metal tm and liquid slag tsh are constant, and the thermophysical parameters of the ingot and 

protective coating do not depend on temperature. The heat flux along the ingot length is not signifi-

cant, so the three-dimensional problem of ingot heating and melting is reduced to a two-dimensional 

problem (at radius r and angle  ). The heat conduction equation for the three phases of the ingot (sol-

id, two-phase, liquid): 
2 2
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0 > r < R0, 0 <  <  , 

where Cef — effective heat capacity and density are defined in the form. 

Then the temperature distribution in the weighted casing and the protective shell is as follows: 
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0 >r > Rу, 0 <  <   — weighted, 

R0 > r > Rci, 0 <  <   — in cast iron containment. 

Boundary conditions. On the symmetry axis of the cylinder cross-section the heat flux is 0: 

( ),0,
0.

t r 

 
=       (3) 

On the upper side surface of the cylinder (0< < 0) convective heat exchange with liquid 

slag with a given heat transfer coefficient takes place s. On the lower side surface of the cylinder 

( 0< < ) convective heat exchange with liquid metal with a given heat transfer coefficient takes 

place m. There is an ideal thermal contact between the intruded shells of metal, slag, protective shell 

and the cylinder surface, and boundary conditions of IV kind are set. The temperature distribution in 

the solidified metal shell is as follows: 
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r > Rci, ( 0 <   <  ). 

The point Рm belongs to the melting (intrusion) boundary of the solidified metal shell. In this 

case, we write the condition of motion of the melting (intensification) boundary in the form: 
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where vt  — is the zero liquidus temperature of the metal. 

The temperature distribution in the solidified slag shell is as follows: 
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r > Rs, (0 <   <  0). 

The point Ph belongs to the melting (intrusion) boundary of the solidified slag shell. In this 

case, we write the condition of motion of the melting (intensification) boundary in the form: 
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The initial condition is a uniform temperature distribution in the ingot, weighting device and 

protective shell. The calculation area is represented as half of the cylinder cross-section, Fig. 2. To 

solve the problem, we form a square coordinate grid and divide the considered half of the cross-
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section by vertical and horizontal lines as shown in Fig. 2. We obtain control volumes with coordi-

nates i,j. The temperature values will be determined in the centre of the control volumes. We set  

M0 — initial number of nodes on the radius. In the proposed calculation the explicit difference circuit 

is used [4—6]. 

 
 

Fig. 2. Calculation area of the problem of melting of ingot with protective shell and weighting 

device, slag-metal boundary 

 

According to technological instructions deoxidiser is entered from a height of 7 m into the 

metal melt when 1/3 of the ladle is filled, feeding of ingots continues until 2/3 of the ladle is filled. 

The average duration of ladle filling is 7 minutes, so the time of deoxidiser melting should not exceed 

140 sec. Melting calculations of aluminium deoxidisers weighing less than 17.6 kg as a function of 

aluminium percentage with different weighting and containment sizes are presented in Tabl. 1. 

 
Table 1. Results of calculations of melting of aluminium-containing deoxidisers in a steel ladle 

(length of deoxidiser 700 mm) 

 

№ Al, % 
Cylinder 

diameter, mm 

Du, Weighting 

plate 

diameter, mm 

Ho Thickness 

of the protective 

shell, mm 

Deoxidizer 

melting time, sec. 
Сylinder 

weight, kg 

1 40 66 38 5 287 17,5 

2 50 74 33 4 187 17,5 

3 60 82 28 3 168 17,5 

4 70 88 26 2 135 17,4 

5 80 94 24 1 91 17,6 

6 90 100 24 0 95 17,4 

7 100 106 0 0 127 17,6 
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Below is a diagram of the melting time of deoxidiser in the steel ladle (Fig. 3). 

 

 
 

Fig. 3. Dependence of the deoxidiser melting time on the amount of aluminium and geometric 

dimensions of the weighting plate and protective shell: a — percentage aluminum content, b — diame-

ter of the weight casing, mm, c — thickness of the protective shell, mm, d — melting time of deoxi-

diser, sec 

 

Conclusions 

The results of the computational experiment allow us to establish rational modes of input of 

aluminium-containing deoxidisers, providing the most favourable conditions for their melting in the 

steel casting ladle. It should be noted that at low (40 %) percentage of aluminium, the deoxidant ingot 

floats to the surface of the melt quickly enough, and the melting process takes place on the slag-metal 

surface. At the time of surfacing, the deoxidiser has a density of 5377 (kg/m3) and the slag level is 

0.59 — indicating that the deoxidiser is immersed in the metal by its larger half. At the end of the 

melting process (after 9.6 seconds), the deoxidiser will have a density of 4053 (kg/m3) and a mass of 

11.9 kg. 

Similarly, at (50 %), the deoxidiser floats to the surface of the melt in 1 sec. and at the time of 

floating to the surface it acquires a density of 5014 (kg/m3), with a slag level of 0.5. At the end of the 

melting process (after 8 seconds), the ingot will have a density of 3668 (kg/m3) and a mass of 13.2 kg. It 

is only when the aluminium percentage exceeds 50 % that the deoxidiser fails to melt within 140 sec. 
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