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Abstract. The paper provides a brief description of the metallurgical process at PJSC Severstal, demonstrates the practical experience of reducing 

the consumption of dry skip coke from 415 to 350 kg/t of pig iron over the period 2014 – 2024, a decrease of 15.7 abs. %, and identifies the poten-
tial for further reduction of solid fuel consumption in blast furnace smelting. Research directions and tasks were formulated to adjust the tech-
nology in order to reduce the specific consumption of solid carbon fuel (including by replacing coke and its solid carbon substitutes with injected 
natural gas), improve the metallurgical properties of iron ore charges, and determine the optimal level of secondary resources use in the charge. 
The authors presented the results of laboratory studies of the processes of liquid phase formation during the melting of ordinary (SiO2 content 
4.9 – 7.2 %) and low-silica (SiO2 content 2.8 – 3.0 %) pellets. The temperature level of the softening zone, complete loss of gas permeability 
of the iron ore layer, and drip flow of primary slag melts in low-silica pellets increases by 45 – 50 °C compared to ordinary pellets. The article 
considers the production results of using 3 – 5 mm iron ore screening directly in the blast furnace process (200,000 tons, or 22.3 kg/t of pig iron 
in 2017). Based on the results of the studies of coke samples taken from operating blast furnaces at a depth of 10 – 12 m from the charge level 
and in the tuyere zones, it was concluded that it is possible to use solid fuel with increased reactivity in conditions of iron smelting with a low 
alkali load (reduced from 3.2 kg/t of pig iron to 2.8 kg/t of pig iron). Based on laboratory studies, the effect of various compositions of reducing 
gases with variable hydrogen content on the reduction process of sinter and pellets was established. The reduction factor (Rf  , %) increases 
by 2.5 – 3.0 % for every 5.0 % increase in hydrogen content in the gas mixture. The indicator “carbon consumption during ironmaking in blast 
furnaces” was determined, which allows to assess the real efficiency of blast furnace smelting from the point of view of the climate agenda, 
and the results of reducing this indicator by 12.4 kg/t of iron (3.0 rel. %) for the period of 2014 – 2023 were presented. The authors formulated 
the  directions for the development of PJSC Severstal first processing stage, including the gradual abandonment of  the  sintering stage with 
an increase in the share of pellets in the blast furnace charge to 90 %, a reduction in consumption of coke in the blast furnace to 270 kg/t of pig 
iron, and an increase in the consumption of gas-based coke substitute (natural gas) to 300 m3/t of pig iron. 
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Аннотация. В статье приводится краткое описание металлургического производства ПАО «Северсталь», демонстрируется практический 

опыт уменьшения расхода сухого скипового кокса за период 2014 – 2024 гг. с 415 до 350 кг/т чугуна, т. е. на 15,7 абс. %. Авторы сфор-
мулировали направления исследований и задач по корректировке технологии для обеспечения сокращения удельного расхода твердого 
углеродного топлива за счет замены кокса и его твердых углеродных заменителей на вдуваемый природный газ, улучшения металлурги
ческих свойств железорудной шихты, оптимального уровня использования вторичных ресурсов в шихте. В статье представлены 
результаты лабораторных исследований процессов формирования жидких фаз при проплавке рядовых (4,9 – 7,2 % SiO2 ) и низкокрем-
нистых (2,8 – 3,0 % SiO2 ) окатышей. Уровень температуры в зоне размягчения, полная потеря газопроницаемости слоя железной руды 
и капельный поток первичных шлаковых расплавов в окатышах с низким содержанием кремнезема увеличиваются на 45 – 50 °С по 
сравнению с рядовыми окатышами. На основании исследований проб кокса, отобранных в действующих доменных печах на глубине 
10 – 12 м от уровня засыпи шихты и в фурменных очагах, был сделан вывод о возможности применения твердого топлива с увеличенной 
реакционной способностью в условиях выплавки чугуна с низкой щелочной нагрузкой (уменьшенной с 3,2 до 2,8 кг/т чугуна). По резуль-
татам лабораторных исследований было установлено влияние различных составов восстановительных газов с переменным содержанием 
водорода на процесс восстановления агломерата и окатышей. Показатель восстановимости Rf возрастает на 2,5 – 3,0 % при увеличении 
содержания водорода на каждые 5,0 % в составе газовой смеси. Определен показатель расхода углерода при выплавке чугуна в доменных 
печах, представлены результаты снижения данного показателя на 12,4 кг/т чугуна (3,0 отн. %) за период 2014 – 2023 гг. Статья описывает 
направления развития первого передела ПАО «Северсталь», включающие поэтапный отказ от агломерационного передела с увеличением 
доли окатышей в доменной шихте до 90 %, сокращением расхода кокса в доменной плавке до уровня 270 кг/т чугуна и увеличением 
расхода природного газа до 300 м3/т чугуна. 

Ключевые слова: доменная печь, ПАО «Северсталь», расход твердого топлива, природный газ, железорудные материалы, показатель вос-
становимости Rf  , кокс, показатель CSR, отсев железорудных материалов фракции 3 – 5 мм, водород, расход углерода при выплавке чугуна 
в доменных печах, продолжительность кампании, направления развития
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Достижения и перспективы развития 
аглодоменного подразделения ПАО «Северсталь»

Е. Н. Виноградов1 , Л. И. Леонтьев2, 3, 4, А. А. Калько1

 Introduction

A large vertically integrated mining and metallurgi-
cal company operating under intense competition and 
increasing climate-related pressures must identify eco-
nomically viable ways to  reduce specific greenhouse-
gas emissions in steel production while maintaining and 
strengthening its cost advantage over its closest competi-
tors.

The Severstal Russian Steel Division of PJSC Sever
stal is one of  the  largest steel producers in Russia and 
operates a world-class production complex with an annual 
output exceeding 11 million tons of steel. The first pro-
cessing stage is represented by coke-sinter-blast furnace 
production, which includes eight operating coke oven 
batteries (seven with gravity charging and one with 
coal charge stamping), five sintering machines, and five 
blast furnaces with useful volumes ranging from 1007 
to 5500 m3. Steelmaking from pig iron is carried out in 
the  metallurgical production facilities using three basic 

oxygen converters (420-t capacity), as well as an elect
ric arc furnace and a shaft furnace (each with a capacity 
of 150 t). This equipment enables the production of both 
standard and high-grade steels for the  construction, 
energy, and mechanical engineering industries.

Globally, pig iron production in blast furnaces con-
tinues to dominate as the principal method of supplying 
metal to oxygen steelmaking units [1]. Improving the effi-
ciency of  the  first processing stage therefore requires 
solutions that ensure a sufficient supply of primary mol-
ten metal to steelmaking units with the  required quality 
characteristics, while maintaining low production costs 
and minimizing greenhouse-gas emissions. 

The theoretical minimum coke consumption in 
blast furnace smelting, determined from the  stand-
point of  ensuring counter-current flow between redu
cing gases and liquid products of smelting, is estimated 
within a fairly broad range of 150 – 250 kg/t of pig iron, 
depending on the preparation of  iron ore raw materials, 
slag yield, and the hot strength of coke [2; 3]. At the turn 
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of the 21st century, an actual dry skip coke consumption 
of 415 – 450 kg/t of pig iron was considered acceptable 
for domestic metallurgists, while a level of  250 kg/t 
of  pig iron appeared to  practicing blast-furnace specia
lists as a purely theoretical and unattainable abstraction. 
Advances in science and technology in the areas of impro
ving coke quality characteristics, applying its substitutes, 
preparing the iron ore charge, and improving monitoring 
and control systems for blast furnace smelting have made 
it possible over the past decade (2014 – 2024) to reduce 
this indicator at the  blast furnaces of  PJSC Severstal, 
on average across the shop, from 415 to 350 kg/t of pig 
iron, i.e., by approximately 15.7 abs. %. This substantial 
reduction was achieved without major changes to  blast 
furnace design and was mainly the  result of  improved 
blast furnace operating practices. The changes in the spe-
cific consumption of solid fuel (the sum of skip coke and 
its solid substitutes) and gaseous fuel (natural gas) during 
pig iron smelting at PJSC Severstal over this period 
are shown in Fig. 1. The best average monthly results 
achieved were 301.1 kg of coke + 206.8 m3 of natural gas 
per ton of pig iron for BF No. 1 (useful volume 1007 m3) 
and 307.4 kg of coke + 214.2 m3 of  natural gas per ton 
of pig iron for BF No. 3 (useful volume 3200 m3).

At present, there remains unrealized potential to reduce 
coke consumption in blast furnace pig iron smelting by 
100 – 200 kg/t of pig iron (i.e., 28.6 – 57.1 abs. %) rela-
tive to the theoretical minimum level. Achieving an eco-
nomically justified reduction in the  specific consump-
tion of  solid carbon fuel, including partial replacement 
of  coke and its solid carbon substitutes with injected 
natural gas, requires improving the metallurgical proper-
ties of the blast furnace charge and solid fuel, as well as 
the  application of  an optimal, technologically and eco-
nomically justified level of  secondary resources use in 
the charge. 

Studies carried out in the 1960s – 1970s on the influ-
ence of increased iron content in the blast furnace charge 
on the  techno-economic indicators of  the  blast furnace 
process showed that each 1 % increase in total iron con-
tent (Fetot ) resulted in a 1.0 – 1.5 % decrease in coke con-
sumption and a 1.7 – 2.2 % increase in productivity [4]. 
At that time, the specific consumption of raw materials in 
the blast furnace charge at domestic plants was approxi-
mately 1700 – 1920 kg/t of pig iron, while the SiO2 content 
in sinter at domestic and foreign plants ranged from 6.5 
to 11.0 %, and in pellets it was 1.5 – 2.0 % lower [5; 6]. 
The development of  beneficiation technologies and 
the use of  iron-rich concentrates and sintering ores sig-
nificantly influenced the processes occurring in the blast 
furnace and created the need for comprehensive studies 
of  the  metallurgical properties of  blast furnace charges 
with reduced SiO2 content. The research by blast furnace 
specialists has shown that the processes of melt forma-
tion from sinter and pellets differ fundamentally  [7; 8]. 
The effect of increasing iron content in the blast furnace 
charge under different agglomeration methods on reduc-
tion, melting, and dripping of melts from sinter and pellets 
through a coke layer of varying reactivity must be studied 
in order to identify stable patterns in the formation of slag 
and metal–carbon melts when optimizing the  composi-
tion of  the  blast furnace charge. A  comparative evalua-
tion of the quality of ordinary pellets (4.9 – 7.2 % SiO2 ) 
and low-silica pellets (2.8 – 3.0 % SiO2 ), carried out 
in laboratory studies of  liquid phase formation during 
charge melting, showed that in low-silica pellets the tem-
perature level of  the softening zone, the point of comp
lete loss of  gas permeability of  the  iron ore layer, and 
the dripping of primary slag melts increase by 45 – 50 °C 
compared with ordinary pellets. This leads to an expan-
sion of the dry zone in the blast furnace and to improved 
reducibility of  iron ore materials. In addition, industrial 

Fig. 1. Changes in specific consumption of solid and gaseous fuel during iron smelting 
in blast furnaces of PJSC Severstal in 2014 – 2024:

 – natural gas, m3/t;  – solid fuel, kg/t

Рис. 1. Изменение удельных расходов твердого и газообразного топлива при выплавке чугуна 
в доменных печах ПАО «Северсталь» в 2014 – 2024 гг.:

 – природный газ, м3/т;  – твердое топливо, кг/т
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trials demonstrated that the  total iron content in low-si
lica pellets, at equal basicity, increased by 2.6 %, while 
the  content of  alkali elements decreased by 0.05 %. 
With pellets accounting for 32 – 34 % of  the  blast fur-
nace charge, this resulted in a reduction in alkali load by 
approximately 0.28 – 0.30 kg/t of  pig iron and, accor
dingly, a decrease in coke consumption by 3.0 – 3.4 kg/t 
of pig iron.

It should be noted that an increase in the share of pel-
lets has a positive effect due to a significant increase in 
the  porosity of  the  blast furnace charge  [9]. Calcula-
tions show that increasing the  share of  pellets from 35 
to 100 % increases the porosity of  the  iron ore layer in 
the  dry zone of  the  blast furnace by 17.2 rel. %. This 
indicates improved utilization of  reducing gases during 
smelting and therefore enables a higher level of applica-
tion of gaseous coke substitutes.

The screening of iron ore materials generated during 
the screening of sinter and pellets in blast furnace produc-
tion is currently reused in pig iron smelting at modern 
metallurgical plants in two ways: as return fines in sin-
ter production and as a component of  the  blast furnace 
charge. The influence of return fines on sinter productiv-
ity and quality is ambiguous [10; 11]. Wherever possible, 
their amount during the  sintering process should there-
fore be reduced. A more effective approach is the direct 
use of iron ore screening in the blast furnace. A method 
has been developed for charging screened fractions 
of sinter and pellets into the blast furnace, regulating both 
the  quantity and frequency of  charging of  this compo-
nent  [12]. The practical implementation of  this method 
made it possible in 2017 to use more than 200,000 tons 
of 3 – 5 mm iron ore screening in blast furnace smelting, 
corresponding to 22.3 kg/t of pig iron.

The selection of coals, expansion of the raw-material 
base, improvement of coking technologies, and produc-
tion of  coke with specified properties combining opti-
mal economic and technological performance represent 
the main directions for the development of coke-chemical 
production. In general, the behavior of coke in the blast 
furnace can be described as a sequence of transformations 
in its composition and properties as it descends through 
the  furnace under the  thermal, physicochemical, and 
mechanical conditions of smelting. Under real operating 
conditions, the most reliable assessment of coke quality 
is obtained by analyzing samples extracted directly from 
operating blast furnaces. To study the  characteristics 
of  tuyere-level coke at the blast furnaces of  PJSC Sev-
erstal, coke samples were taken at the  tuyere level dur-
ing shutdowns associated with the replacement of tuyere 
equipment. In addition, to  investigate the  influence 
of  alkalis on coke characteristics, samples were taken 
from the shaft of BF No. 4 at a depth of 10 – 12 m below 
the blast furnace charge level under conditions of a total 
alkali load (K2O + Na2O) of 2.8 – 3.0 kg/t of pig iron. The 

results showed that under conditions of pig iron smelting 
with a low alkali load (reduced from 3.2 to 2.8 kg/t of pig 
iron, i.e., by 0.4 kg/t of  pig iron), there is potential for 
the  use of  solid fuel with increased reactivity. The fur-
ther development of  this direction involved the creation 
and industrial implementation at PJSC Severstal of a new 
method for producing an innovative carbon-containing 
product with specified characteristics from coals con-
ditionally suitable for coking (60 – 100 % in the  coal 
charge) through layer coking in coke oven batteries with 
gravity charging [13].

Developing technological measures for replacing 
part of  the  coke with natural gas requires determining 
the reducing components contained in the gas and evalua
ting the  thermal effect of  its transformation in the blast 
furnace tuyere zone. Numerous studies [14; 15] on blast 
furnace smelting with combined blast injection have 
established the technical parameters required to determine 
the rational consumption of natural gas. Among the most 
commonly used parameters are the theoretical tuyere gas 
temperature [16 – 18], which accounts for the combined 
combustion of carbon, coke, and natural gas, and the coke 
replacement coefficient for natural gas [19]. An increased 
consumption of natural gas leads to a higher proportion 
of  hydrogen in blast furnace gases, which requires sig-
nificant adjustments to  blast furnace operating techno
logy. Laboratory studies have demonstrated the influence 
of various compositions of reducing gases with variable 
hydrogen content on the reduction process of sinter and 
pellets. It was shown that the reduction factor increases 
by 2.5 – 3.0 % for each 5 % increase in hydrogen content 
in the gas mixture, confirming the feasibility of increasing 
natural gas consumption in pig iron smelting. In practice, 
these results were applied in the  development of  blast 
furnace smelting technology with increased natural gas 
consumption in the  range of  140 – 250 m3/t, combined 
with an increase in the  share of  pellets in the  iron ore 
part of the blast furnace charge from 32 to 60 %. A blast 
furnace operating method with an increased natural gas 
consumption of  140 – 250 m3/t of  pig iron, compared 
with the  initial level of  110 – 140 m3/t of  pig iron, was 
developed and implemented in industrial practice  [20]. 
During the  period 2021 – 2023, the  average natural gas 
consumption across the pig iron production shop of PJSC 
Severstal exceeded 190 m3/t of pig iron, while the solid 
fuel consumption remained below 350 kg/t of  pig iron, 
with a coke replacement coefficient for natural gas 
of 0.704 kg/m3. 

At present, PJSC Severstal has introduced into its 
technological process management practice the  indi-
cator “carbon consumption during pig iron smelting 
in blast furnaces”, which provides a realistic assess-
ment of  blast furnace smelting efficiency from the  per-
spective of  the  climate agenda. This indicator is cal-
culated as the  sum of  the  masses of  carbon introduced 
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into the  blast furnace process with the  components 
of  solid fuel, injected natural gas, and the  iron ore part 
of the charge, referred to the mass of pig iron produced. 
Over the period 2014 – 2023, carbon consumption during 
pig iron smelting in blast furnaces decreased by 12.4 kg/t 
of pig iron (3.0 rel. %), which corresponds to a reduction 
of 45.5 kg CO2/t of pig iron (Fig. 2).

Currently, a solid fuel consumption of 250 kg/t of pig 
iron, previously regarded as a theoretical abstraction, is 
becoming a practical target and a result to be achieved. 
This optimism is supported by the  successful introduc-
tion of  technologies for producing high-quality coke 
from stamped coal charges, the application of ultra-high 
natural gas consumption (over 200 m3/t of pig iron), and 
the use of a high proportion of pellets in the blast furnace 
charge.

It should also be noted that PJSC Severstal pays con-
siderable attention to extending the inter-repair operating 
period of metallurgical units [21; 22]. Based on an analy-
sis of  the overall condition of blast furnace refractories 
during shutdowns for major repairs of the first category, 
the most wear-prone areas of  the  lining were identified, 
and technological measures were developed and imple-
mented to:

– protect the  refractory surface with a skull layer, 
which absorbs the erosive action of the melt and isolates 
the  refractory lining and cooling-system elements from 
contact with liquid metal and hot gases;

– control the  properties of  the  liquid products 
of  smelting, including both chemical properties (their 
aggressiveness toward the  skull layer and lining) and 
physical properties (temperature and flow velocity rela-
tive to the furnace structure);

– form a blast furnace charge column that simultane-
ously facilitates skull formation in the shaft and the for-
mation of  a coke bed in the hearth with maximum per
meability for liquids.

The condition of  the  refractory lining and cooling-
system elements of BF No. 4 and BF No. 5 after blowout 
prior to major repairs of the first category is presented in 
Fig. 3.

The implementation of  these measures, under con-
ditions of  changes in blast furnace operating techno
logy and blast furnace charge composition, as well as an 
almost 1.5-fold increase in coke replacement by natural 
gas, made it possible to extend the campaign of BF No. 5 
(the largest blast furnace in Europe, with a useful volume 
of  5500 m3) to  17.5 years, producing 75.2 million tons 
of pig iron  [11]. At BF No. 4 (useful volume 2700 m3), 
the  campaign completed in 2025 lasted 19.5 years and 
enabled the  production of  more than 46 million tons 
of pig iron. The achieved results provide strong grounds 
for expecting a long blast furnace campaign life 
of 20 – 30 years, confirming the role of blast furnaces as 
highly efficient units for the production of primary mol-
ten metal for the steelmaking stage.

 Determining directions for the further
 

development of the pig iron production chain:
the case of PJSC Severstal

At present, approximately 72 % of  global steel pro-
duction is carried out through the  blast furnace–basic 
oxygen furnace process route1. An immediate abandon-

1 World Steel Association. Available at URL: https://worldsteel.org/steel-
topics/sustainability/sustainability-indicators-2023-report.

Fig. 2. Changes in specific consumption of solid and gaseous fuel and carbon consumption 
during iron smelting in blast furnaces of PJSC Severstal in 2014 – 2024:

 – natural gas, m3/t;  –  solid fuel, kg/t;  – total carbon consumption during pig iron smelting, kg/t

Рис. 2. Изменение удельных расходов твердого, газообразного топлива и расход углерода 
при выплавке чугуна в доменных печах ПАО «Северсталь» в 2014 – 2024 гг.:

 – природный газ, м3/т;  – твердое топливо, кг/т;  – суммарный расход углерода при выплавке чугуна, кг/т

https://worldsteel.org/steel-topics/sustainability/sustainability-indicators-2023-report
https://worldsteel.org/steel-topics/sustainability/sustainability-indicators-2023-report
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ment of steelmaking technologies that have evolved over 
more than a century is unlikely, given the enormous capi-
tal investment that would be required and the still limited 
development of  carbon-free technologies for producing 
primary iron from mined ores. 

For a large metallurgical complex producing more 
than 11 million tons of  steel annually, the most realistic 
approach is to maximize the  efficiency of  existing pro-
duction units while gradually shifting the  development 
focus toward low-carbon or carbon-free reduction of iron 
oxides and electric melting, as the cost of green hydrogen 
and renewable electricity declines. PJSC Severstal is fol-
lowing this approach, aiming to maximize the efficiency 
of  the first processing stage during the  transition period 
(Fig. 4).

 Conclusions

An analysis of  theoretical estimates and current pig 
iron production results at PJSC Severstal has made it pos-
sible to  determine the  potential for reducing solid fuel 
consumption in blast furnace smelting.

The study proposes directions for adjusting the com-
position and quality characteristics of raw materials and 
fuels, as well as the technological parameters and operat-
ing practices of pig iron production, during the transition 
from conventional to low-carbon metallurgy.

Based on the  results obtained and the  identified pat-
terns, a development strategy for the  first processing 
stage at PJSC Severstal has been formulated and adopted 
for implementation. The strategy provides for the gradual 

Fig. 3. Photos of the blast furnace interior after blowout for major repairs:
а – blast furnace No. 5, useful volume of 5500 m3, “classic” fireclay lining 

of the furnace shaft after 17.5 years of operation; 
b – blast furnace No. 4, useful volume of 2700 m3, high-thermal conductivity lining 

of the furnace shaft after 19.5 years of operation

Рис. 3. Фотографии внутреннего пространства доменных печей после выдувки для капитального ремонта: 
а – ДП № 5, полезный объем 5500 м3, «классическая» шамотная футеровка 

шахты печи после 17,5 лет кампании; 
b – ДП № 4, полезный объем 2700 м3, высокотеплопроводная футеровка 

шахты печи после 19,5 лет кампании

Fig. 4. Potential for development of technological chain of cast iron production on the example of PJSC Severstal

Рис. 4. Потенциал развития технологической цепочки производства чугуна на примере ПАО «Северсталь»
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phase-out of the sintering stage, an increase in the share 
of pellets in the blast furnace charge to 90 %, a reduction 
in coke consumption in blast furnace smelting to 270 kg/t 
of pig iron, and an increase in the consumption of the gase
ous coke substitute (natural gas) to 300 m3/t of pig iron.
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