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Abstract

The current article aims at analyzing the impact of uncontrolled parameters (the degree of CO to
CO, post-combustion, contents of silicon and carbon in iron, heat carrier specific consumption, heat
loss of BOF vessel, etc.) on charge materials consumption and energy consumption per a ton of
final steel product in BOF production. The research reported has been carried out with mathematical
simulation, based on BOF heat and material sheet balances. In this paper, we describe with the
analysis how the principal parameters and quality characteristics of the materials, used in BOF heat,
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influence the changes in metallic charge consumption and energy consumption per a ton of steel. It is
shown that the use of additional agents (contaminated scrap, solid iron, magnesite flux, heat carrier)
with the objective to solve current production problems of BOF heat leads to a significant growth
of energy consumption as much as up to 42 kg of conventional fuel per ton of steel final product.
The scientific novelty of the research is in determining the influence of the uncontrolled factors of
BOF heat on initial materials consumption and energy consumption per a ton of steel. The research
practical relevance is expressed by the development in BOF heat theory and practice with taking into

account the impact of uncontrolled parameters.
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CONSUMPTION

Urgency and objective of the research

Ukrainian enterprises of mining and metallur-
gy sector continue to work under tough conditions,
related with the difficulties of their provision with
iron ore, metallic scrap, fluxes, and energy carriers.
Steel-making shops, however, try to solve the prob-
lem of combining high-quality steel production and
minimization of production costs by utilizing the
existing material stock by trials without any prelimi-
nary researches to be carried out. Such an approach to
solving the tasks on decrease in materials and energy
consumption in steel industry is a kind of dead-end
and cannot ensure compatibility of Ukrainian metal
products on the global market.

The current research is intended to determine the
consumption of initial materials and energy in steel
industry, which is to allow revealing the hidden re-
serves of metal converting process and to develop the
directions of energy consumption decrease.

Research methodology

In order to estimate the changes of material and
energy consumption per a ton of steel during the me-
tal converting process in BOF, there has been deve-
loped a program which allows metallurgists to calcu-
lation the BOF heat parameters with the use of pre-
sent-day approaches to thermodynamics and kinetics
of steel-making processes and the results of practical
experience of the Ukrainian steel-making shops.

In these calculations the energy consumption
is regarded as a key criterion of production energy
efficiency and the amount of primary energy con-
sumption is represented in the form of calculations
for a kilogram of conventional fuel consumed per a
ton of the steel product (kg of conventional fuel / t)
embracing both the BOF processing and all the pre-
vious stages for receiving the initial materials of a re-
quired quality for the heat.

In course of researches, we obtained the data ev-
idencing the impact of uncontrolled or partially con-

trolled parameters of BOF heat (degree of CO to CO,
post-combustion, carbon content in iron; heat loss of
the BOF vessel; the amount of mixer slag; slag con-
tamination in the scrap for the heat; losses at ignition
in lime and magnisite flux) on energy consumption in
the steel-making process. The BOF heat simulation
has been carried out taking into account the follow-
ing: slag basicity of 3.0 units; 0.18% carbon content
in metal for heat correction; steel temperature of 1630 °C.

Results of the researches conducted

It is common knowledge that the most significant
contribution to energy intensity is produced by hot
iron. This fact is the reason why the first stage of the
researches illustrated in fig. 1-7 has been carried out,
providing improvements on BOF heat balance [1-4].
We have analyzed how various parameters influence
the consumption of charge metal or the metallic part
of the charge during the BOF heat. By metallic part of
the charge we mean the conventional composition of
initial materials in the Ukrainian BOF practice, that
is, liquid pig iron + metallic scrap + metal recovered
from slag mucks (hereinafter referred to as contami-
nated scrap due to high content of slag in it) + solid
iron. Additionally, we clearly distinguish in the paper
metallic scrap from metallic part of the charge as the
former is a narrower notion and is the part of the latter.

According to the data received, the 2% increase
in degree of CO to CO, post-combustion allows us to
have 9.2 kg/t less in iron specific consumption while
metallic scrap is to be 8.7 kg/t higher. Moreover, the
enhanced post-combustion leads to significant de-
crease in the specific consumption of metallic part of
the BOF charge down to the rate of 2.43 kg/t of final
steel, at this, it is worth noting that the lower carbon
content of metal (0.04%) leads to less economy on
this kind of charge material (fig. 2). This is related to
the development of iron oxidation processes at low
carbon contents [5-7]. In a similar way, the energy
consumption per steel is decreased (fig. 3). Upon that,
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it is important to note that with the same post-com-
bustion degree it is possible to achieve more appre-
ciable decrease in energy consumption if carbon con-
tent of metal is 0.04%. This is explained by the fact
that due to iron oxidation, the subsequent increase
in heat input of the heat balance is observed, which
permits greater amount of prepared steel scrap to be
processed.

Figure 1. Graph to determine how the degree of CO post-
combustion to CO, influences the specific consumption of
metallic scrap and liquid pig iron

Figure 2. Influence of CO-to-CO, post-combustion degree
on the specific consumption of metallic part of the charge
(figures near the curves identify the carbon content in the
metal for BOF charge)

Figure 3. Influence of CO-to-CO, post-combustion degree
on energy consumption for steel (figures near the curves
identify the carbon content in the metal for BOF charge)
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Furthermore, in modern BOF practice, there is
still no mutually agreed answer on what concentra-
tions of silicon in pig iron are rational and this is quite
grounded. The point is that everything in this issue
depends on the goals to achieve with the process —
economy on materials or economy on energy carriers
in the course of steel manufacture. More silicon in
pig iron causes the significant increase in consump-
tion of the charge metallic part at marked decrease in
energy consumption per steel (Fig. 4). This is related
with the increase in the incoming heat in balance and
feasibility to increase prepared steel scrap utilization,
which are to provide the decrease in energy consump-
tion per steel. However, in this case the growth in the
slag amount due to the needs for more lime in such a
heat is observed and it causes higher metal loss and
respectively makes the consumption of the charge
metal higher.

Figure 4. Graph to determine the influence of silicon content
in pig iron on consumption changes both in charge metallic
part and energy per steel

Infigure 5, the results of the analysis on heat simula-
tion with energy carrier (coal of AC grade) are shown;
they evidence a small reduction in the consumption of
charge metal and pig iron but this is accompanied with
a significant growth in energy consumption per steel
(up to 2 kg of conventional fuel per one ton of steel).

It may be quite interesting to trace how thermal
loss with BOF and carbon content in iron influence
the energy consumption per BOF steel. This type of
research is also carried out and the data are reported
in the graphical form in figures 6 and 7. According
to the calculations performed, 1% higher increase in
BOF heat losses causes extra energy consumption in
the amount of 7 kg per of conventional fuel per a ton
of steel, due to the necessity to meet the conditions
of the heat balance with higher in pig iron consump-
tion while 0.1% increase in carbon of pig iron allows
energy consumption per steel to go down as much as
3.4 kg of conventional fuel per a ton of steel.
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Figure S. Graph to determine the influence of coal consumption
on specific consumption of both metallic charge and energy
per steel

The second stage of our research is devoted
to the problem how the consumptions of charge
constituents influence the changes in specific metallic
part consumption and energy consumption per steel
(Fig. 8-12).

In case if we substitute prepared steel scrap with
contaminated scrap (recovered scrap extracted from
slag mucks and reclaimed for the BOF heat), the
latter with its slag content influences the melt quality.
Fig. 8 and 9 illustrate the data, which show how the
consumption of contaminated scrap with its slag
affects BOF final metal. Taking into account the fact
that energy consumption of contaminated scrap is
smaller than that of prepared steel scrap, it is natural
to expect the reduction in energy consumption when
the steel manufacture. However, the data obtained
evidence the appreciable amount of the metallic part
consumption and respectively energy consumption
per steel.

Figure 6. Graph to determine the influence of BOF heat
loss on the changes in specific metal scrap consumption and
energy consumption per a ton of steel
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Figure 7. Graph to determine the influence of the carbon
content in pig iron on changes in specific consumption of
metallic charge and energy consumption per a ton of steel

Figure 8. Influence of contaminated scrap consumption and
its slag percentages on specific consumption of the metallic
charge

Figure 9. Influence of contaminated scrap consumption and
its slag percentages on extra energy consumption per one ton
of steel

The shortage of prepared steel scrap makes metal-
lurgists apply solid iron within the charge in the BOF
shops. The simulation analysis on BOF heat practice
(Fig. 10) has shown that the use of solid iron causes
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the increase in consumption of the charge metallic
part and fluxes, which consequently leads to the ap-
plicable increase in the energy consumption per one
ton of steel. Here, it is worth mentioning that iron in
the charge improves BOF heat balance to a certain ex-
tent since with the consumption rate of 10 kg of solid
iron per one ton of steel we can observe the decrease
in liquid iron consumption as much as 0.7-0.9 kg/t.

Figure 10. Graph to illustrate how solid iron consumption
influences the consumption of metal charge and energy
consumption per a ton of steel

The data on the influences in terms of quality and
flux consumption for BOF heat are given in Fig. 11-
14. The research has revealed that the increase in
losses during lime and magnesite flux calcinations
causes the growth of the metallic charge specific con-
sumption and energy consumption per a ton of steel.
Here, it is necessary to note that energy consumptions
per lime and magnesite flux are assumed as constants
for the calculations and the variations due to variants
in CaCO, and MgCO, contents are not considered.

Figure 11. The influence of growth in losses during lime
calcination on changes in iron specific consumption and
metallic charge specific consumption

Based on the research performed, the bar diagram
has been developed (Fig. 15) to show the average va-
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lues of changes in energy consumption per a ton of
steel and those in the metallic part of the charge for
the variety of BOF production technologies, which
are applied at Ukrainian metallurgical enterprises.

Figure 12. Graph to determine the influence of growth in losses
during lime calcination on changes in metallic scrap specific
consumption and energy consumption per a ton of steel

Figure 13. Influence of consumption and loss increase
during magnesite flux calcinations on the changes in iron
specific consumption

Figure 14. Graph to determine the magnesite flux
consumption on the changes in metallic scrap specific
consumption and energy consumption per a ton of steel
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Figure 15. Average values of changes in energy consumption per a ton of steel and values of changes in charge metallic part consumption

Conclusions

The conducted research allows us to define the
influence of the currently applied technologies and
quality characteristics of the BOF heat materials on
the changes in values of energy consumption per a ton
of steel and the consumption values of metallic part
in BOF charge. The received data show that the use
of the additional agents in BOF heat (such as contam-
inated scrap, solid iron, magnesite flux, heat carrier)
for the solution of the current production problems
leads to a significant growth of energy consumption
per one ton of steel, which could reach the amount of
up to 42 kg of conventional fuel/ t. Upon that, we can
also observe the increase in consumption of metallic
part of the charge, which has the especially powerful
influence on BOF production and economical indi-
cators.

From the standpoint of decrease in energy con-
sumption, the most attractive are those process engi-
neering solutions that foresee as a priority the aim of
achieving increase in post-combustion of CO to CO,
within BOF vessel volume. It should be noted that the
increase in silicon and carbon contents in iron also
provide the decrease in energy consumption per a ton
of steel.

Therefore, the present day of BOF production is
featured with diversity of technologies and mate-
rials, applied in the course of converting metal that
mostly leads to growth of energy consumption per
liquid steel. That is why the problem of decrease in
material and energy consumption in BOF production
should be solved through the removal of the addi-
tional agents from the BOF heat and development of
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steel production schemes with respect to conditions

of product range, materials and facilities of a certain

steel-maker.
References

1. Baptizmanskiy V.I., Boychenko B.M., Cherevko V.P.
(1988) Teplovaya rabota kislorodnykh kon-
verterov [Oxygen converters heat]. Moscow:
Metallurgiya, 174 p.

2. Boichenko B.M., Synegin L.V., Molchanov L.S.
(2016) Technological Methods to Protect the
Environment in the Ukrainian BOF Shops.
Ironmaking and Steelmaking Processes (edited
by Pasquale Cavaliere). Springer International
Publishing. P.p. 285-299.

3. Boichenko B. M., Okhotskyi V.B., Kharlashyn P.S.

(2004) Konverterne vyrobnytstvo stali [Con-

verter production]. Dnipropetrovsk: RVA

“Dnipro-VAL” —454 p.

. Kolpakov S.V., Starov R.V., Smoktiy V.V. (1991)
Tekhnologiya proizvodstva stali v sovremenny-
kh konverternykh tsekhakh [Steel production
technology in contemporary converter sgops].
Moscow: Mashinostroenie. 464 p.

5. Kudrin V.A. (1996) Metallurgiya stali [Metal-

lurgy of steel]. Moscow: Metallurgiya. 488 p.

7. Baptizmanskiy V.I., Okhotskiy V.B. (1982)
Fiziko-khimicheskie osnovy kislorodno-kon-
verternogo protsessa. Kyiv-Donetsk: Vyshcha
shk. holovnoe yzd-vo. 182 p.

8.  Baptizmanskiy V1., Boychenko BM.,, Tret’yakov E.V.
(1982) Metallolom v shikhte kislorodnykh
konverterov [Metallic scrap in the charge of
converters].Moscow: Metallurgiya. 136 p.

I

Metallurgical and Mining Industry




