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Аннотация. На практике для описания кислородно-конвертерного процесса широко используются так называемые статические модели, 

описывающие изменения выходных параметров на основе информации о входных параметрах для каждого отдельного цикла произ-
водства (плавки). Дополнительно используемые модели заключительного периода позволяют обеспечить более точное попадание 
в заданные пределы по температуре и содержанию углерода в металле. При этом в качестве исходной используется информация 
о результатах промежуточного замера параметров металла фурмой-зондом, который проводится в период расхода 80 – 95 % общего 
кислорода на плавку. Для описания поведения объекта по ходу процесса от начала и до конца производственного цикла необходимо 
построение модели, основанной на закономерностях взаимодействия фаз в открытой системе (кислородном конвертере). В настоя щей 
работе предпринята попытка построения такой модели с использованием концепции стационарного неравновесного состояния 
и результатов физического и математического моделирования системы при изменении величины площади контакта двух несмеши-
вающихся жидкостей при воздействии на них струи газа. При формировании модели исходили из наличия в расплаве двух основных 
реакционных зон окисления компонентов, которые в соответствии с современными представлениями определяют механизм процессов 
и гидродинамику расплава при продувке конвертерной ванны. Для каждой выделенной зоны в значительной степени характеристики 
массопереноса в различные периоды операции в зависимости от текущих параметров взаимодействующих фаз определяют скорости 
химических реакций. Результаты проверки адекватности модели с использованием практических данных позволяют заключить, что 
модель может быть использована для исследования процесса продувки в кислородном конвертере. 
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Abstract. In practice, so-called static models are widely used to show the oxygen converter process, describing changes in output parameters based 

on information about input parameters for each individual production cycle (heat). Additionally, the models used in the final period make it 
possible to ensure a more accurate hit within the specified limits in terms of temperature and carbon content in the metal. In this case, informa-
tion on the results of intermediate measurement of metal parameters by a probe tuyere, which is carried out during the consumption of 80 – 95 % 
of the total oxygen consumption for heat, is used as the initial information. To describe the behavior of an object during the process from 
the beginning to the end of the production cycle, it is necessary to build a model based on the patterns of phase interaction in an open system 
(oxygen converter – BOF). In this paper, an attempt is made to construct such a model using the concept of a stationary nonequilibrium state 
and the results of physical and mathematical modeling of the system when the contact area of two non-miscible liquids changes when exposed 
to a gas jet. When forming the model, we proceeded from the presence in the melt of two main reaction zones of oxidation of components, which, 
according to modern concepts, determine the mechanism of processes and hydrodynamics of the melt during blowing of the converter bath. 
For each selected zone, to a large extent, the characteristics of mass transfer during different periods of the operation, depending on the current 
parameters of the interacting phases, determine the rates of chemical reactions. The results of checking the adequacy of the model using practical 
data allow us to conclude that the model can be used to study the blowing process in a BOF. 

Keywords: BOF, phase interaction, reaction rate, interface, mathematical modeling, physical modeling, chemical composition, temperature

For citation: Shakirov M.K., Protopopov E.V., Turchaninov E.B., Belenetskii E.A., Faty'anov S.S. Complex energy-dynamic model of BOF melting. 
Izvestiya. Ferrous Metallurgy. 2025;68(3):209–217. https://doi.org/10.17073/0368-0797-2025-3-209-217

Complex energy-dynamic model of BOF melting
M. K. Shakirov, E. V. Protopopov , E. B. Turchaninov,

E. A. Belenetskii, S. S. Fat’yanov

Сибирский государственный индустриальный университет (Россия, 654007, Кемеровская обл. – Кузбасс, Новокузнецк, 
ул. Кирова, 42)

Siberian State Industrial University (42 Kirova Str., Novokuznetsk, Kemerovo Region – Kusbass, 654007, Russian Federation)

Original article 
Оригинальная статья

Комплексная энергодинамическая модель  
конвертерной плавки

М. К. Шакиров, Е. В. Протопопов , Е. Б. Турчанинов, 
Е. А. Беленецкий, С. С. Фатьянов

©  M. K. Shakirov, E. V. Protopopov, E. B. Turchaninov, E. A. Belenetskii, S. S. Fat’yanov, 2025

Metallurgical technologies Металлургические технологии

https://doi.org/10.17073/0368-0797-2025-3-209-217
mailto:protopopov@sibsiu.ru
mailto:protopopov@sibsiu.ru
https://fermet.misis.ru/index.php/jour/search/?subject=BOF
https://fermet.misis.ru/index.php/jour/search/?subject=phase interaction
https://fermet.misis.ru/index.php/jour/search/?subject=reaction rate
https://fermet.misis.ru/index.php/jour/search/?subject=interface
https://fermet.misis.ru/index.php/jour/search/?subject=mathematical modeling
https://fermet.misis.ru/index.php/jour/search/?subject=physical modeling
https://fermet.misis.ru/index.php/jour/search/?subject=chemical composition
https://fermet.misis.ru/index.php/jour/search/?subject=temperature
https://doi.org/10.17073/0368-0797-2025-3-209-217
mailto:protopopov%40sibsiu.ru?subject=
mailto:protopopov%40sibsiu.ru?subject=


Известия вузов. Черная металлургия. 2025;68(3):209–217.
Шакиров М.К., Протопопов Е.В. и др. Комплексная энергодинамическая модель конвертерной плавки

210

 Introduction

Providing a detailed description of the processes 
ta king place in an oxygen converter is a complex, multi-
factorial task. In practice, so-called static models and 
end-of-blow models are widely used to control the BOF 
process and achieve the target parameters of the semi-
finished product. Static models [1 – 3] are based on 
the properties of the input materials and the desired 
characteristics of the semi-finished product at the end 
of the oxygen blowing. These models are primarily used 
to preliminarily calculate the required amounts of charge 
materials (scrap metal, hot metal), fluxes (lime, magne-
sia-based coolants, etc.), and oxygen per heat. To describe 
the cyclic nature of the steelmaking process, both theo-
retical [4 – 6] and statistical [7 – 9] models are typically 
applied. The models used in the final period (i.e., end-of-
blow models) utilize the results of intermediate measure-
ments of process parameters taken with a probe tuyere. 
These models help adjusting the initially fixed amounts 
of materials and oxygen to determine the optimal blowing 
endpoint [10 – 12]. However, such models do not pro-
vide real-time information on process parameters during 
blowing, which can may create certain difficulties when 
new materials or technological elements are introduced, 
as well as when optimizing blowing modes and overall 
process performance. 

 Problem statement and generalized model
 

formulation

To accurately describe the processes occurring in 
the converter – including the influence of various parame-
ters on both the progress and final outcomes of the ope-
ration – the following objective was set: to develop a gene-
ralized model grounded in the physicochemical principles 
that govern phase interaction patterns in the converter 
unit. The proposed model is based on the concept of a sta-
tionary nonequilibrium state (SNS) [13] and adopts 
the energy-dynamics approach introduced in [14]. Buil-
ding on previous research [13 – 15], the model assesses 
the contact surface area between interacting phases and 
estimates the rates of heterogeneous reactions using 
data derived from physical and mathematical mode-
ling [16 – 19].

To model the process, the system was initially decom-
posed into elements or interacting phases, each charac-
terized by unique physicochemical properties. The active 

exchange between these phases necessitates an integrated 
assessment of interdependent parameters that describe 
their state and interaction throughout the operation. 

The converter refining process is characterized by 
continuous changes in chemical reaction conditions:

– changes in quantities of interacting phases: 
• liquid metallic (refined metal) and oxide (slag) 

phases; 
• solid metallic (scrap) and oxide (fluxes, coolants, 

and the non-metallic component of the solid metal 
charge);

• gaseous phase, present in the slag–metal emul-
sion as CO bubbles and rising macrovolumes of off-
gases;
– changes in chemical composition of the interac ting 

phases: 
• liquid metallic bath (refined metal); 
• liquid oxide phase (slag);
• gaseous phase (rising gas bubbles);

– changes in temperature of the interacting phases;
– changes in blowing parameters, including the oxy-

gen feed rate and the position of the lance relative 
to the surface of the metal bath in accordance with 
the selected blowing mode;

– changes in geometric parameters of the work-
ing space due to the wear of the refractory lining over 
the course of the converter campaign. 

 Quantities of interacting phases

Changes in the quantities of phases interacting in 
the converter result from the following processes:

– charge preparation: loading of scrap and pour-
ing of hot metal, including possible presence of metal 
and slag from previous heats (including slag deposited 
on the unit lining as skull by various methods); addition 
of auxiliary materials (fluxes, coolants, solid and gaseous 
fuels) before and during blowing;

– phase transitions: melting and dissolution of solid 
components of metallic charge, fluxes and coolants in 
liquid metallic and oxide phases, as well as reverse pro-
cesses; wear of the working layer of refractory lining;

– oxidation reactions of iron and impurities in the 
metal bath during interaction with oxygen jets;
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– redox reactions and dissociation reactions at phase 
interfaces.

The change in quantity of the f-th phase during any 
blowing period can be generally described by the follo-
wing expression:

  (1)

where  and  are the quantities of the f-th phase 
at the end of the current period and at the end of the pre-
vious blowing period, respectively; ∆wgf  is the change 
in quantity of the f-th phase due to loading/addition 
of the g-th material into the converter that does not 
form a separate phase; ∆whf   is the change in quantity 
of the f-th phase due to phase transition from the h-th 
phase to the f-th phase or the reverse process; ∆wif  is 
the change in quantity of the f-th phase due to changes 
in quantities of reagents and products resulting from 
the i-th oxidation reaction with gaseous oxygen; ∆wjf  is 
the change in quantity of the f-th phase due to changes in 
quantities of reagents and products resulting from the j-th 
redox reaction at the slag-metal interface.

The solid metallic phase constitutes a mixture of metal 
charge components, potentially forming conglomerates 
during initial operation stages and developing surface 
accretion (“freeze-on”) on fragments of the solid metal 
charge. The solid oxide phase comprises various auxi-
liary materials not yet transitioned to liquid or gaseous 
states (fluxes, coolants, non-metallic portions of the solid 
charge, slag from previous heats). 

Thus, individual constituents of both metallic and 
oxide phases exhibit distinct chemical compositions and 
physical properties which govern their interaction mecha-
nisms and transition rates into the liquid phase.

 Chemical composition of interacting phases

Changes in the chemical composition of interacting 
phases result from the same processes that drive varia-
tions in phase quantities.

The general expression for the change in content of ele-
ment (oxide) X in phase f during any blowing period is:

            (2)

where  and  is the content of element (oxide) X 
in phase f at the end of the current and previous blo wing 
periods, respectively; p is the process stage identifier 
(material addition, phase transition, oxidation in the pri-
mary zone, oxidation/reduction at the slag-metal inter-

face); ∆wXp is the change in quantity of element (oxide) 
X in phase f due to process p during the current blowing 
period.

 Temperature of interacting phases

The temperature changes in interacting phases result 
from the following processes: 

– heat exchange between phases, characterized by 
their current thermophysical properties (temperature, 
heat capacity, quantity);

– oxidation reactions (of iron and impurities), reduc-
tion reactions (of iron, manganese, and phosphorus 
oxides), and dissociation reactions (of hydroxides and 
carbonates), with heat release or absorption;

– phase transitions (characterized by transition enthal-
pies);

– energy exchange with the environment (heat losses 
through the refractory lining, radiation, and carried away 
by exhaust gases).

To quantify temperature changes during any blowing 
period, the following expression was used:

   (3) 

where Ha and  are the specific enthalpy and the quantity 
of material a added to the converter in the current blowing 
period t; ∆Hi and ∆  are the enthalpy of reaction i (per 
unit of reagent r) and the change in quantity of reagent r 
in period t; ∆Hh and ∆  are the phase transition enthalpy 
(per unit of phase h) and the quantity of phase under-
going transition in period t; Hl and  are the specific 
enthalpy and the quantity of gas l exiting the converter 
with exhaust gases in period t;  and  are the spe-
cific heat capacity (at constant pressure) and the quantity 
of condensed phase f at the end of period t.

Specific enthalpies of substances and reaction enthal-
pies are derived from standard reference data and tempe-
rature-dependent heat capacity functions.

 Blowing mode parameters

Changes in oxygen blowing parameters are deter-
mined by process objectives at different stages:

– intensive slag formation during initial blowing;
– maintaining dynamic equilibrium between iron (and 

impurity) oxidation and carbon oxidation (during intense 
decarburization) processes;
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– ensuring the metal’s chemical composition reaches 
specified limits during the final blowing stage. 

Phase interaction conditions vary depending on blow-
ing parameters (intensity, tuyere position above bath 
level), as well as temperature, quantities of metal and 
slag, and geometric characteristics of the working space. 

 Reaction rates and interfacial contact area
 

The rate of chemical reactions is governed by the fol-
lowing current parameters:

– phase composition of the system;
– temperature;
– current concentrations of initial components and 

reaction products in the interacting phases;
– concentrations of initial components and reaction 

products in the interacting phases under stationary non-
equilibrium state.

The concentrations of slag and metal components 
were defined as their respective contents within the liqu id 
oxide and liquid metallic phases. It was assumed that 
chemical reactions occur exclusively with the participa-
tion of liquid and gaseous phases. Thus, both the quanti-
ties and concentrations of the components in the liquid 
phases may vary in each calculation interval, partly due 
to phase transitions. 

The total amount of slag was determined as sum 
of the solid and liquid oxide phases, whereas the total 
amount of metal was calculated as the sum of the solid 
and liquid metallic phases.

The general form of a chemical reaction rate equation 
is as follows

           V0 = kv  Am Bn , (4)

where kv is the reaction rate constant, a function of tem-
perature independent of the concentrations of reactants; 
A, B are the concentrations of reactants; and m, n repre-
sent the reaction orders with respect to reactants A and B, 
respectively.

The kinetic equation for a heterogeneous reaction 
describes the reaction rate as the number of elementary 
interaction events occurring per unit time per unit inter-
facial area.

Based on the considerations presented, to calculate 
the values of ∆wif and ∆wjf from equation (1) and ∆wXp 
from equation (2), it is necessary to estimate the contact 
area between interacting phases.

As demonstrated in [3; 14], oxidation reactions occur 
at the interfaces between interacting phases within dis-
tinct reaction zones of the converter bath:

– primary reaction zone: the interface between 
the oxygen jets and surface of the liquid metal;

– secondary reaction zone: the interface between 
the gaseous phase and the liquid metal and slag phases.

The oxidation rate of an impurity element was deter-
mined as the sum of the individual reaction rates in both 
zones.

Primary reaction zone. This zone represents 
the area of direct oxygen uptake from the blowing jets. 
In the primary zone, the oxidation reactions of silicon, 
manganese, and phosphorus – as well as carbon, when its 
concentration exceeds the transitional and critical levels – 
are assumed to occur under kinetic control. These oxida-
tion reactions are considered first-order, with the oxygen 
concentration in the gas phase at the liquid metal inter-
face taken as constant and equal to unity. Under these 
assumptions, the oxidation rate of an impurity element X 
is given by:

 
          V1X = kv S1[X], (5)

where kv is the reaction rate constant; S1 is the current 
contact area between the oxygen jets and the liquid metal; 
[X] is the current concentration of the oxidized element 
in the liquid metal. 

At lower (subcritical) carbon concentrations – 
where the process is limited by mass transfer of carbon 
to the reaction zone (diffusion-controlled regime) – car-
bon oxidation rate can be expressed as

    V1C = km S1([C] – [C]*), (6)

where km is the mass transfer coefficient of carbon in 
the liquid metal; [C] is the current carbon concentration 
in the melt; [C]* is the limiting concentration of carbon, 
which depends on the characteristics of the blowing 
equipment and geometric parameters of the converter’s 
working space.

Secondary reaction zone. At lower concentrations, 
oxidation of silicon, manganese, phosphorus, and carbon 
primarily proceeds under diffusion-controlled condi-
tions. To describe the rate of these processes, taking into 
account the contact area between the interacting con-
densed phases, the following form of the kinetic equation 
can be used [20]:

     V2X = km S2([X] – [X]*), (7)

where km is the mass transfer coefficient; S2 is the cur-
rent contact area between the interacting condensed 
phase; [X] is the current concentration of the element 
in the liqu id metal, and [X]* is its equilibrium concentra-
tion (or the limiting attainable concentration in the case 
of carbon).

The equilibrium concentration of an element in 
the liquid metal can be calculated using the well-known 
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temperature dependence of the equilibrium constant for 
the corresponding reaction:

             (8)

where K is the equilibrium constant of the chemical reac-
tion; Т is the current temperature; a, b are empirical cons-
tants.

Since the equilibrium constant of a chemical reaction 
is defined as the ratio of the product of the concentra-
tions of the reaction products to the product of the con-
centrations of the reactants at equilibrium, an increase 
in the content of oxidation products in the slag – assum-
ing all other conditions remain unchanged – leads 
to an increase in the value of [X]* and shifts the reac-
tion rate toward negative values; that is, it promotes 
the preferential development of the reverse reaction, in 
accordance with equation (7). Conversely, an increase 
in the concentration of reactants raises the current value 
of [X], which results in a higher reaction rate in the for-
ward direction. 

To describe the rate of carbon oxidation in the secon-
dary zone at so-called transitional concentrations, 
a kinetic equation of the following form is used [21; 22]: 

     V2C = kv S2[C]m (FeO)n, (9)

where (FeO) is iron oxide content in slag. 
The values of kv and km are the rate constants and mass 

transfer coefficients in equations (5) – (7), (9) can be 
approximated by linear temperature dependences. 

 Determining the contact area between
 

interacting phases

The contact area between the oxygen jets and 
the liqu id metal during blowing was approximated as 
a value directly proportional to the dynamic pressure 
of the oxygen jet at the nozzle exit and inversely propor-
tional to the square of the lance height above the metal 
surface, in accordance with previously obtained data 
on jet penetration depth into the liquid bath [14].

Data obtained through physical and mathematical 
modeling [16 – 18] have helped clarify how various 
parameters affect the contact area between the metal and 
slag phases. 

As a representative example, Figs. 1 and 2 [18] show 
the results of low-temperature modeling of metal–slag 
interaction under gas jet blowing conditions. The mode-
ling demonstrated, for instance, that factors such as lance 
height (hl ), gas flow rate (q) and slag layer height (h2 ) 
influence the contact area S between the phases. 

In constructing the mathematical model, it is impor-
tant to account for how the relative amount of slag in 

the converter bath changes over the course of blowing. 
This can be represented using the following parameter 

                (10)

where dр is the diameter of the model.
The non-monotonic relationship between the interfa-

cial area S and the total amount of slag can be attributed 
to the varying influence of the parameter H2 /d on the rate 
of droplet formation (vs ) – that is, the formation of metal 
droplets (or globules) suspended in the slag, which con-
tribute to the additional interfacial area – and on their 
residence time during the heat (τs ):

   S = vs τs , (11)

Fig. 1. Effect of slag layer height H2 , related to the reactor diameter d, 
on the value of S at q = 1.13·10–3 m3/s 

and various Hl values (calibers) 0, 4.5, 9, 15, 24 (1 – 5) 

Рис. 1. Влияние высоты слоя шлака H2 , отнесенной к диаметру 
реактора d, на величину S при q = 1,13·10–3 м3/с 
и значениях Hl (калибры) 0; 4,5; 9; 15; 24 (1 – 5)

Fig. 2. Effect of slag layer height H2 , related to the reactor diameter d, 
on the value of S at Hl = 15 calibers 

and various q values 0.5, 0.75, 1.13, 1.50 (1 – 4) 
 

Рис. 2. Влияние высоты слоя шлака H2 , отнесенной к диаметру 
реактора d, на величину S при Hl = 15 калибров 

и значениях q 0,5; 0,75; 1,13; 1,50 (1 – 4)
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The residence time of metal droplets (globules) 
in the slag is determined by the physical properties 
of the liquid phases, the characteristics of the gas jet, and 
the size of the main circulation loop for both the melt and 
the entrained droplets. In contrast, the rate of formation 
of additional interfacial area is governed by the blowing 
parameters and the thickness of the less dense, gas-satu-
rated slag layer [18].

 Afterburning of off-gases

The amount of carbon oxidized to CO and CO2 can be 
reasonably determined using the temperature-dependent 
equilibrium constant for the oxidation reaction of carbon 
monoxide with gaseous oxygen 

        2CO + O2 = 2CO2 . (12)

In this case, the reaction in the gas phase is assumed 
to proceed rapidly, with equilibrium established during 
the current blowing period, regardless of the time interval 
selected for the calculation.

 
 Iron oxidation

The required amount of oxygen was determined based 
on the stoichiometric relationships for each oxidation 
reaction occurring during the current calculation interval 
in the primary and secondary reaction zones, as well as 
the afterburning of carbon monoxide CO. 

To calculate the amount of oxygen consumed for iron 
oxidation during the current period, the total oxygen 
supplied to the bath – determined by the blowing mode 
parameters – was reduced by the amount used for the oxi-
dation of impurity elements in the melt and for the after-
burning of carbon monoxide CO: 

        (13)

where  is the amount of oxygen introduced into 
the bath during the current period;  is the amount 
of oxygen consumed for the oxidation of i-th element or 
carbon monoxide CO.

The amount of iron oxidized and the corresponding 
quantity of iron oxide formed were then calculated based 
on stoichiometric ratios.

For each reaction taking place, the heat effect cor-
responding to the quantities of reactants consumed and 
products formed was determined. The enthalpy of the off-
gases, required for estimating heat losses (see Equa-
tion 3), was calculated as a function of gas heat capacity 
and temperature, the latter assumed equal to the current 
temperature of the condensed phases. 

The reaction rates, calculated with consideration 
of the interfacial area between interacting phases, were 
applied in accordance with equations (1) – (3). 

 Melting/dissolution rate of materials in the melt
 

The mass rate of melting or dissolution of each addi-
tive material and steel scrap during the blowing process 
can be estimated using empirical expressions. These are 
typically expressed as linear functions of the current solid-
phase amount and the average temperature of the con-
densed phases at the start of the current time interval. 
For instance, in the case of light scrap, the melting rate 
coefficients were adjusted so that, according to model cal-
culations, the transition to the liquid phase would be com-
pleted within 20 – 30 % of the total blowing time. For 
heavy scrap, this transition occurred within 50 – 80 % 
of the blowing duration.

Accordingly, the model is designed to calculate 
the current values of the quantity, chemical composi-
tion, and temperature of the interacting phases at the end 
of each defined blowing interval. These values are then 
used as input data for the next interval. In practical 
applications, each time step in the calculation typically 
corresponds to the consumption of 200 m3 of oxygen. 
A genera lized algorithm of the model is shown in Fig. 3.

Accordingly, the minimum required set of input data 
for calculations must include the following information:

– chemical composition and quantities of charge 
materials (hot metal and scrap) and additives (fluxes and 
coolants);

– temperature of the hot metal;
– predefined or actual parameters of the blowing mode 

(lance position, oxygen flow rate, etc.) and slag mode 
(material addition schedule during blowing);

– target or measured end-of-blow values: final tem-
perature of the metal and the content of carbon, manga-
nese, sulfur, and phosphorus.

 Results and discussion

As a result of implementing this algorithm to solve 
the integrated problem, the model provided calculated 
values for the final temperature and chemical composi-
tion of the metal after blowing, the total oxygen con-
sumption for the heat, and the trajectories of these para-
meters – along with those of the slag phase – throughout 
the operation.

The model’s adequacy was assessed using data from 
200 heats carried out in a 350-ton converter under real 
production conditions, where additional process moni-
toring was performed using a probe tuyere. The assess-
ment was based on actual process data, including mate-
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rial quantities, auxiliary material addition schedules, 
blowing parameters, total oxygen consumption, and 
the final chemical composition of the metal. Model calcu-
lations were halted once the carbon content in the metal 
reached the value actually observed in the correspon-
ding heat. By tuning the model coefficients, the resulting 
outputs included the ranges (numerators) and average 
values (denominators) for key end-of-blow parameters 
(Table 1). 

Table 1. Parameters of the end of blowing

Таблица 1. Параметры окончания продувки

Т, °С O2 , nm3 [C], % [Mn], % [P], % (FeO), % B
1568 – 1709

1647
17,235 – 21,314

19,346
0.027 – 0.098

0.046
0.059 – 0.237

0.136
0.0048 – 0.0268

0.0130
14.9 – 33.2

23.15
3.10 – 5.05

3.87

Fig. 3. Enlarged algorithm of the model functioning

Рис. 3. Укрупненный алгоритм функционирования модели

Calculation errors ∆ for end-of-blow indicators were 
defined as the difference between measured and predicted 
values. Table 2 presents both the mean errors (numera-
tors) and the mean absolute errors (denominators) 
of the calculations.

 Conclusions

The resulting error values for end-of-blow para-
meters confirm the adequacy of the model developed 
using the proposed approach. This, in turn, supports 
the mo del’s application for analyzing the effects of varia-
tions in material composition, quantity, and properties, 
as well as in process conditions and converter geometry, 
on the dynamics of phase interaction and end-of-blow 
outcomes – ultimately helping to reduce the need for cor-
rective operations.
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