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The literature review highlights innovative approaches to modeling: the use of kinetic equations, computational fluid
dynamics (CFD) and machine learning algorithms (XGBoost, Random Forest) to predict carbon and oxygen content.
Special attention is paid to adapting models to new environmental technologies, in particular the use of hydrogen and
scrap metal processing, the share of which in the charge can reach 40%. The experience of world leaders (Danieli Corus,
Kuttner) and domestic scientific schools (NMetAU) in creating decision support systems, such as the «Technologist-
Operator Advisory, is separately considered. The own development of the Department of Metallurgical Technologies of
DUET and «Metinvest Polytechnicsy is presented — a universal service for calculating smelting balances. The software
product is built on the basis of a modern technology stack (HTML, CSS, JavaScript) using the Node.js platform for the
server part. This choice of tools provides cross-platform compatibility, easy integration with existing industrial systems,
and the possibility of remote access, which is critically important for training engineers in conditions of pandemic re-
strictions. The service is implemented in two modes: «light» (for educational purposes) and "industrial” (with full con-
sideration of all elements of the charge). The program allows you to quickly enter data on the composition of pig iron,
scrap, ferroalloys and receive final balance tables with an error of no more than 0.1-0.5%. The authors provide examples
of the program code and the system interface, demonstrating the mechanisms for checking the chemical composition of
the charge and generating final reports.

Keywords: Basic Oxygen Furnace (BOF); material and heat balance; automation of metallurgy; web service; chemical
composition prediction; digitalization of production; mathematical modeling; Node.js.

Statement of the problem

The modern BOF process is characterized by a high
level of automation. The use of powerful computing sys-
tems allows steelmakers to significantly simplify a number
of technological operations: carry out an accurate calcula-
tion of the shrinkable metal charge, slag-forming and addi-
tives in the smelting process, to predict the chemical com-
position of the metal on heaps and after deoxidation, and
much more.

The steelmaking process is controlled by a distributor
operator, whose main role until recently was reduced to the
analysis of computer data, which are assembled by a sys-
tem of sensors and measuring instruments and further tech-
nological decision, based on the received data. In recent
years, the development of digital technologies has reached

a level at which the capabilities of modern software have
become so extensive that they have allowed them to be in-
troduced into the management processes of complex, mul-
tifactor technologies.

The development of an online system for calculating
material and thermal balances is a critical task for modern
basic oxygen furnace (BOF) steelmaking. Modern research
focuses on integrating kinetic models, computational fluid
dynamics (CFD), and data-driven approaches to enhance
the accuracy of real-time process control.

Analysis of the latest achievements
on the identified problem

The core of any converter control system lies in the
precision of its material and heat balance equations. Recent
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studies emphasize the need to adapt these balances to new
technologies, such as bottom-blown O,-CO,-CaO pro-
cesses, where researchers have established high utilization
ratios for injected materials (e.g., 91.35% for lime powder)
[1]. Similarly, the transition to greener steelmaking
through direct reduction plants (DRP) requires comprehen-
sive mass conservation principles and enthalpy-based heat
balance calculations to evaluate the impact of hydrogen in-
jection [2]. The inclusion of specific technological factors,
such as the presence of a slag "skull” on the lining, signifi-
cantly alters the thermal regime and requires additional
heat balance articles to account for the physical heat and
slag-forming components introduced by the skull [3].

Scrap metal serves as a primary coolant to balance
excess heat in the BOF. Advanced numerical models now
consider scrap blending by simultaneously analyzing steel
quality, production cost, and energy use [4]. Research in-
dicates that the density and proportion of scrap (up to 40%
of the charge) drastically change the dynamics of bath tem-
perature and carbon oxidation [5]. To maintain a rational
melting process, models must account for the changing re-
active surface area of scrap as it melts, often using fourth-
degree polynomials for better accuracy [5].

A significant challenge in online systems is the tran-
sient nature of carbon removal. Kinetic equations have
been developed to describe carbon removal in real-time,
even in small converters working with cupola furnaces [6].
Modern approaches integrate machine learning (e.g.,
XGBoost, Random Forest) with theoretical kinetic models
to predict tapping carbon and oxygen levels, improving
prediction accuracy by over 6% through cyclic iteration al-
gorithms [7]. Furthermore, coupling CFD with thermody-
namic databases allows for the investigation of high-tem-
perature reactions at the bubble-melt interface, providing
insights into saturation times and pressure effects [8].

The efficiency of mass exchange and slag formation
is deeply tied to the blowing mode. The use of two-tier
lances has been shown to improve the heat balance and ac-
celerate slag formation by optimizing the afterburning of
CO to CO; [9]. Hydrodynamic factors, such as the ratio of
the reaction zone length to the bath depth, are used to char-
acterize mixing intensity and its subsequent effect on
desulfurization and dephosphorization [10]. Optimal con-
trol strategies, including Model Predictive Control (MPC),
are employed to stabilize CO; levels and minimize produc-
tion costs while adhering to the boundary conditions of the
steelmaking process [11].

Physical properties of slag, particularly viscosity,
govern the splashing process used for lining protection
[12]. Modern 3D models using the Volume of Fluid (VOF)
method allow for quantitative analysis of droplet behavior
and liquid film formation [13]. These models help deter-
mine optimal oxygen lance heights and flow rates to bal-
ance slag splashing effectiveness with safety and cost [13].
Additionally, out-of-furnace refining technologies for pig
iron are being evaluated through adapted balance models
to determine their impact on specific lime consumption and
liquid iron yield [14].

In recent years, significant progress has been ob-
served in steelmaking processes in the implementation of
automated control systems for the oxygen-converter pro-
cess. Metallurgical technology is an area of extremely spe-
cific processes, where the relationships between different
factors can appear themselves with different strengths in
conditions, differing only in hundredths of different indi-
cators. Nevertheless, the high level of development of sci-
ence allowed researchers to get a complete understanding
of the chemical processes taking place in the converter
bath, and the use of modern computing power has opened
the way for a comprehensive study of the relationships be-
tween thousands of factors affecting steelmaking technol-
ogy.

In 2014, the conference «Modern technologies of
steelmaking production» was held at the PJSC «Arce-
lorMittal Kryvyi Rih». Representatives of the world's lead-
ing metallurgical companies spoke at the conference
(Heraeus Electro-Nite, Danieli Corus, Siemens VAI Met-
als Technologies, Steel Work, Kuttner GmbH), largest
metallurgical enterprises (Dneprovsky metallurgical plant,
Energostal, PJSC «ArcelorMittal Kryvyi Rih») and scien-
tific institutions of Ukraine (Z.1. Nekrasov Institute of Fer-
rous Metallurgy, National Metallurgical Academy of
Ukraine, Kriviy Rih Metallurgical Institute). It is notewor-
thy that almost all the speeches were devoted to increasing
the degree of automation and computerization of produc-
tion.

Thus, Danieli Corus employees presented a universal
model of the oxygen-converter shop (fig. 1), which allows
engineers and technicians to carry out long-term planning
for the development of the workshop, simulate logistics,
calculate the potential for expanding production capacity,
lay out the sequence of technological operations and much
more [15].

Danieli Corus and Kuttner [16, 17] presented new so-
lutions in the field of technological process control, which
make it possible to reduce the duration of steel smelting by
measuring the temperature of the melt and its chemical
composition. As a result, technologists hit into the range of
specified characteristics and there is no need for additional
corrective measures.

The Department of Steel Metallurgy of the National
Metallurgical Academy of Ukraine has developed a com-
prehensive program for forecasting the results of converter
smelting "Advisor to the Technologist-Operator” (fig. 2),
which is based on modern theoretical concepts of the pat-
tern of converter processes and practical data on the oper-
ation of converters [18].

The program allows you to set the main parameters of
technology by predicting the results of melting, based on
controlled, conditionally controlled and uncontrolled pro-
cess parameters. Thus, the program works as an assistant
for the technologist, allowing him to quickly calculate con-
sumables, determine the economic efficiency of certain so-
lutions, and most importantly, to carry out calculations ex-
clusively «by chemistry», thanks to which the technologist
gets rid of the need to coordinate various process
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parameters, which are highly dependent on the conditions
of a particular production.
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Fig. 1 — BOF model from Danieli Corus
Xumuseckuil cocmas Hyayra, Wuxmoeka nnaeku
memnepamypa dyeyHa u moma
Capra koHeepTepa, T 66,00
CodepxaHue yanepoda, % 4.30 Pacxof 4yryHa, T 54,000
Pacxofj MeTannonoma, T 12,000
CodepikaHue KpemHus, % 0,60 PaCKoA KpEMHACTOID NIoMa, T 0,000
Pacxog crpana, T 0,000
CodepxaHue Map2aHya, % 0.50 PaCcXOA TBEPAOTO WyTYHa, T 0,000
PacxogKCE, T 0,000
CodepxaHue hocgopa, % 0,085 TremomEE 3700
Pacxo MarHesuTosoro Mnwca, T U;‘]DE
CodepiaHue cepel, % 0,030
Pacxo4 NNaenkoEoro Wnara, T 0,207
Pacxoa nsgecthaka, T 0,000
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3
O 20 ACX0/ PYAHOTO MaTepUana, T 0,000
Pacxoa TennoHocuTens, T 0,000
l ‘ Pacxof kucnopoga, M* 31583

Fig. 2 — Application interface «Technologist-operator advisor»

It should be noted, that the presence in the shop not
of one, but several information systems, which would
"lead" the process in parallel is not a disadvantage, but an
advantage. This is due to the fact that each specific soft-
ware is often based on different principles, and combining
their results with recommendatory patterns for the technol-
ogist allows you to get a powerful synergistic effect, that
has a positive effect on all production chains.

Nevertheless, the literary analysis and study of the
proposals of the leading enterprises serving metallurgical
plants, shows that at the moment there are not so many so-
lutions on the software market, which would be based on

calculations of the material and thermal balance of con-
verter smelting.

Purpose and task statement

The aim of the article is to substantiate and develop a
service for automated calculation of material and heat bal-
ances of oxygen-converter smelting, which allows to in-
crease the accuracy of predicting the chemical composition
of the metal and optimize the consumption of charge ma-
terials. The presented work seeks to combine modern the-
oretical models of metallurgical processes with IT technol-
ogies (Node.js, JavaScript) to create a universal tool that
provides remote access to calculations for both operational
management of real production and for training qualified
engineering personnel.

Summary of the main material

Material and heat balance of smelting is one of the
most effective mechanisms for controlling the steel smelt-
ing process. With its help, technologists can make high-
precision calculations of the entire converter process, from
the blending to the predicted chemical composition of the
steel after deoxidation.

In this regard, at the Department of Metallurgical
Technologies of State University of Economics and Metin-
vest Polytechnic work has begun on the creation of a ser-
vice for calculating the material and heat balance, which
can be easily connected to any software or hardware prod-
ucts from the outside.

The use of the web interface (fig. 3) was due to two
reasons: 1) the developed program must have open oppor-
tunities for interaction with industrial enterprises, which is
extremely easy to achieve precisely in the format of a web
service; 2) the developed product is planned to be used in
the process of training process engineers in the field of met-
allurgical technologies, and in the context of the pandemic
situation that has formed in the world in 2020, the creation
of training services that can be accessed remotely from an-
ywhere in the world is an extremely urgent task.
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Fig. 3 — Service interface «Material and thermal balance of con-
verter smelting»
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When creating the program, the basic principles of
web development were used, that is HTML (HyperText
Markup Language — «hypertext markup language»), CSS
(Cascading Style Sheets — cascading style sheets), JavaS-
cript — multiparadigm programming language. As known,
any client part (frontend) developed with language JavaS-
cript. The main architectural features of the language: dy-
namic typing, weak typing, automatic memory manage-
ment, prototype programming, functions as first class ob-
jects. Java Script is an object-oriented programming lan-
guage, but it uses prototyping in the language. In addition,
JavaScript has several advantages: functions as first-class
objects, objects as lists, anonymous functions, closures,
auto-casting, auto-garbage collection, and so on, which
gives the language additional flexibility.

The application also uses an authorization system and
a database, which makes it possible to store the data of an
individual client. For the server side, the Node.js software
platform is used.

Node.js adds the ability for JavaScript to interact with
Input/Output devices through its API (written in C++),
connect other external libraries written in different lan-
guages, providing calls to them from JavaScript-code.
Node.js is used primarily on the server, serving as a web
server.

A summary check of the chemical composition of el-
ements is presented as an example code (fig. 4).

/' liquidlron values

let iron_form = document.getElementByld(‘ironResultForm’),
ironResult = document.getElementByld(‘iron_result’)
carbon_value = iron_form.elements.liquidCarbon.value,
silicon_value = iron_form.elements.liquidSilicon.value,
manganese_value = iron_form.elements.liguidManganese.value,
sulfur_value = iron_form.elements.liquidSulfur.value,
phosphorus_value = iron_form.elements.liquidPhosphorus.value,
iron_value = iron_form.elements.liquidlron.value;

/I trash values

let trash_form = document.getElementByld(‘trashResultForm'),
trashResult = document.getElementByld(‘trash_result’)
carbon_value = trash_form.elements.trashCarbon.value,
silicon_value = trash_form.elements.trashSilicon.value,
manganese_value = trash_form.elements.trashManganese.value,
sulfur_value = trash_form.elements.trashSulfur.value,
phosphorus_value = trash_form.elements.trashPhosphorus.value,
iron_value = trash_form.elements.trashlron.value;

/I FeSi 65% values

let ferrum_form = document.getElementByld(‘ferrumSiResultForm'),
ferrumResult = document.getElementById(‘ferrum_result’)
ferrum_value = ferrum_form.elements.ferrumSiliCarbon.value,
ferrum_value = ferrum_form.elements.ferrumSiliSilicon.value,
ferrum_value = ferrum_form.elements.ferrumSiliManganese.value,
ferrum_value = ferrum_form.elements.ferrumSiliSulfur.value,
ferrum_value = ferrum_form.elements.ferrumSiliPhosphorus.value,
ferrum = ferrum_form.elements.ferrumSililron.value;

/I FeSiMn values

let ferrumSiMn_form = document.getElementByld(‘ferrumSiMnResult-

Form’),
ferrumSiMnResult = document.getElementById(‘ferrumSiMn_result’)
ferrumSiMn_value = ferrumSiMn_form.elements.ferrumSiMnCar-

bon.value,
ferrumSiMn_value =

con.value,
ferrumSiMn_value = ferrumSiMn_form.elements.ferrumSiMnManga-

nese.value,

ferrumSiMn_form.elements.ferrumSiMnSili-

ferrumSiMn_value =
fur.value,
ferrumSiMn_value = ferrumSiMn_form.elements.ferrumSiMnPhos-
phorus.value,
ferrumSiMn = ferrumSiMn_form.elements.ferrumSiMnliron.value;
/I function that returns the result of changes in the table
let ElementsChanged = (selector, resultContainer) => {
const fields = document.querySelectorAll(selector)
const values = {}
letsum=0
fields.forEach(field => {
const {name, value} = field
values[name] = value
sum += +value

)

resultContainer.innerHTML = sum.toFixed(2)

ferrumSiMn_form.elements.ferrumSiMnSul-

/I select all selectors will change

let iron_form_inputs = document.querySelectorAll(".iron-form-inputs") //

liquid iron

let trash_form_inputs = document.querySelectorAll('.trash-form-inputs')

/l trash

let ferrum_form_inputs = document.querySelectorAll('.ferrumSi-form-

inputs’) // FeSi 65%

let ferrumSiMn_form_inputs =

SiMn-form-inputs’) / FeSiMn

/I cycles for take inputs values

e start --------

for (let i = 0; i < iron_form_inputs.length; i++) {
iron_form_inputs[i].addEventListener("keyup", 0o =

mentsChanged('.iron-form-inputs', ironResult)})

document.querySelectorAll(".ferrum-

{Ele-

for (let i = 0; i < trash_form_inputs.length; i++) {
trash_form_inputs[i].addEventListener("keyup”, () =>
mentsChanged('.trash-form-inputs', trashResult)})

{Ele-

for (leti = 0; i < ferrum_form_inputs.length; i++) {
ferrum_form_inputs[i].addEventListener("keyup",
mentsChanged('.ferrumSi-form-inputs', ferrumResult)})

0 = {El

for (let i = 0; i < ferrumSiMn_form_inputs.length; i++) {
ferrumSiMn_form_inputs[i].addEventListener("keyup", () => {Ele-
mentsChanged('.ferrumSiMn-form-inputs', ferrumSiMnResult)})

// call functions in the start app
ElementsChanged('.iron-form-inputs', ironResult)
ElementsChanged('.trash-form-inputs', trashResult)
ElementsChanged('.ferrumSi-form-inputs', ferrumResult)
ElementsChanged('.ferrumSiMn-form-inputs', ferrumSiMnResult)

Ta6nuua 1 - XimiuHWMiA cknag meTaneBol WKMXTH, %

0.17-0.22

Fig. 4 — Checking the chemical composition of the charge
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It should be noted that the program operates in two
modes: lightweight and industrial. The lightweight version
is more focused on the learning process of students and al-
lows you to calculate the material and heat balance for the
main chemical elements, and the industrial one takes into
account all the chemical elements that can be found in the
charge materials of oxygen-converter smelting.

When you click on each individual menu item shown
in Fig. 3, the accountable interface is opened, where the
technologist either sets certain indicators, or sees the re-
sults of the calculations.

The main summary tables of the calculation are the
tables of material (fig. 5) and heat (fig. 6) balances, as well
as the final composition of the metal (fig. 7).

Ta6nuua 11 — MaTepianbHuii 6anaHc nnaBku
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5.898 2.102

114469 0.081
0.004
0.047
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Hee'aska, % 0.01

Fig. 5 — Material balance of smelting
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66656.401 35.765 13198493
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Fig. 6 — Heat balance of smelting

*- KiHuesuid cknag metany

Fig. 7 — Final metal composition

An important element of the calculation, which indi-
cates its accuracy, is the residual indicator. For the indus-
trial version, the indicator of the discrepancy of the mate-
rial-heat balance should not exceed 0.1%, for the educa-
tional version - no more than 0.5%.

At the moment, the application is hosted on the local
server of the State University of Economics and Technol-
ogy and is undergoing the last stages of testing. The actual
tasks for improving the service is to launch a separate
server to store user-defined calculation results, introduc-
tion of the possibility of graphical comparison of heats with
different charge materials, functions for creating graphs to
study the influence of various factors on melting parame-
ters, adding the main languages of the European Union.

Conclusions

The article analyzes the latest software and hardware
solutions for the modern oxygen-converter process, shows
examples of their implementation and practical benefits
from their use in real industrial conditions.

The development of the Department of Metallurgical
Technologies together with colleagues from other univer-
sities is presented. The created web service for calculating
the material and thermal balance of oxygen-converter
smelting represents a new solution for the industry. The
popular programming language used during development,
as well as the ability to connect industrial systems to the
service to obtain the results of parallel calculations, make
it a convenient solution for metallurgical enterprises.
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