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Abstract. This paper summarizes the main applications and property requirements of biochar in iron and steel produc-

tion as a renewable alternative to fossil carbon materials. It discusses its application in cokemaking, iron ore sintering, 

blast furnace (BF) injection, basic oxygen furnace (BOF), and electric arc furnace (EAF). For each process , the functions 

of biochar and the requirements for its main properties, reactivity, porosity, density, and mechanical strength are system-

atized. It is shown that in cokemaking, the biochar share is typically limited to about 10 wt% because it deteriorates  coke 

strength and reactivity. In iron ore sintering, 40-60 wt% of coke breeze can be replaced by biochar, and in BF injection, 

the substitution level depends on combustion conditions and the need to maintain a stable temperature in the tuyere zone. 

Biochar has the greatest potential in BOF and EAF, where it can be used as a supplementary energy source, carburizer, 

and slag foaming agent. The main limitations of industrial biochar application include instability of properties, low den-

sity and strength, heterogeneous ash composition, and a tendency to self-heat. It is concluded that specific biochar re-

quirements need to be developed for each metallurgical process.  
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1. Introduction 

Carbon materials are practically indispensable compo-

nents of present pyrometallurgy, which perform a complex 

range of thermophysical, chemical, and structural-mechanical 

functions. In metallurgical processes, carbon is the primary 

source of high-potential thermal energy and the main chemi-

cal reducing agent [1, 2]. Under the thermodynamic condi-

tions of smelting, it directly reduces metal oxides and gener-

ates carbon monoxide, which indirectly reduces them. In 

addition, high-carbon materials are irreplaceable in related 

processes as carburizers for carbonizing the melt to a speci-

fied chemical composition, as well as electrically conductive 

elements in electrothermal and electrolytic aggregates. 

Carbon plays a uniquely critical role in the blast furnace 

(BF) process, where metallurgical coke, in addition to its 

energy and chemical functions, serves as a drainage agent 

and helps maintain the structure of the charge materials at 

high temperatures. With its high hot strength, coke with-

stands the enormous pressure from the overlying layers un-

der counterflow conditions of materials and gases. At the 

current stage of technological development, it is not physi-

cally or technologically viable to fully replace fossil-based 

coke in this load-bearing role in large-scale BFs. However, 

this unalterable dependence is precisely what makes the 

metallurgical industry one of the key emitters of anthropo-

genic greenhouse gases, primarily carbon dioxide. 
In the face of stringent climate constraints and the impos-

sibility of completely abandoning carbon-based technology, 
one key practical avenue for decarbonizing the industry is the 
accelerated transition to renewable carbon materials [3-6]. 
The use of biochars allows a drastic reduction in the carbon 
footprint of metal products. Since biochars are of plant 
origin, the CO2 emitted during their use is considered carbon-
neutral within the context of a short natural cycle. In the 
medium term, partially replacing fossil carbon with renewa-
ble carbon is the main strategic way for the ecological trans-
formation of traditional metallurgy [7-9]. 

Depending on the technological process for iron and steel 
production, the possibilities for integrating biochar vary sig-
nificantly and are determined by the requirements for the 
mechanical, chemical, and reactive properties of the carbon-
bearing material. Figure 1 shows the ways in which biochar 
can be used in iron and steelmaking. In the integrated BF–
basic oxygen furnace (BOF) process, the potential for replac-
ing fossil carbon is limited. The main issue is that metallurgi-
cal coke serves not only as a fuel and reducing agent but also 
as the skeleton of the charge column to provide gas permea-
bility and effective drainage. Consequently, completely re-
placing coke with biochar in a BF is currently not feasible.  
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Figure 1. Main pathways for using biochar in iron and steelmaking (adapted from [10]) 

The most realistic option is to inject pulverized biochar 
through the tuyeres (pulverized coal injection, PCI), which 
allows partial replacement of pulverized coal without signifi-
cantly altering furnace design [11-13]. Additionally, biochar 
can be used in sintering and pelletizing operations. However, 
the acceptable extent of its use is determined by the quality 
requirements for iron ore feedstock and products [14-18]. 

The greatest potential for biochar integration lies in the 
route of direct reduced iron (DRI) technologies combined 
with electric arc furnaces (DRI-EAF), as well as in the pro-
duction of steel from scrap metal in electric arc furnaces. In 
direct reduction processes, biochar can be used as a reducing 
agent and a source of carbon, and in electric arc furnaces as a 
carburizer, for slag foaming, and as an additional energy 
source [19-24]. Since these processes do not require preserv-
ing the charge structure, the proportion of fossil carbon re-
placed by biochar can be significantly higher than in BF 
metallurgy and, in certain operations, could theoretically 
reach complete replacement. 

The effectiveness of carbon materials in metallurgical pro-
cesses is determined by a combination of their physico-chemical 
and physico-mechanical properties and microstructure. Bio-
char properties vary significantly with biomass type, thermo-
chemical conversion conditions, and subsequent processing, 
leading to substantial differences in metallurgical behavior. 

Ultimate and proximate analyses provide the primary 
characterization of carbon materials. Ultimate analysis de-
termines the content of the main chemical elements as car-
bon, hydrogen, oxygen, nitrogen, and sulfur, which influence 
the formation of gaseous products, the material’s calorific 
value, and the potential for introducing undesirable impuri-
ties into the metal and slag. Proximate analysis includes 
determining the moisture, volatile matter, and ash, which are 
the primary indicators of a carbon material’s suitability for 
metallurgical applications. 

Ash yield and its chemical composition are particularly 
important. The mineral phase determines how the carbon 
material interacts with the slag and metal phases, influences 
the reactivity and dissolution of carbon, and may either 
promote the formation of a mineral layer on the particle 
surface or, conversely, catalyze reactions [25-27]. There-
fore, when assessing the potential for biochar use, it is nec-
essary to consider not only the ash amount but also the ratio 
of acidic to basic oxides, and the presence of catalytically 
active components, such as potassium, sodium, calcium, 
and iron compounds. 

The structural characteristics of carbon materials play an 
important role. The type of chemical bonds, the degree of 
aromatization of the carbon matrix, the microstructure, par-
ticle morphology, pore sizes, and the development of the 
internal surface determine the availability of active sites for 
heterogeneous reactions. These parameters directly influ-
ence the material’s reactivity, the rate of iron oxide reduc-
tion, the dissolution of carbon in the melt, and other metal-
lurgical processes. 

Thermochemical properties, including the kinetics of 
thermal decomposition, gasification, and oxidation, are also 
key criteria for evaluating carbon materials. They determine 
the material’s behavior at high temperatures and its ability to 
effectively function as a fuel, reducing agent, or carburizer in 
various metallurgical processes. 

It should be noted that the individual properties of a car-
bon material cannot be considered in isolation. Reactivity 
and mechanical strength are integral characteristics that are 
shaped by the combined influence of fixed carbon, ash 
amount and chemistry, degree of graphitization, porous 
structure, particle morphology, and the material’s thermo-
chemical behavior. Figure 2 presents a scheme of the main 
parameters and properties of carbon materials and their inter-
relatedness. 
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Figure 2. Scheme of the key parameters and properties of carbon materials for iron and steelmaking 

2. Biochar utilization in cokemaking 

One of the most widely researched areas of biomass and 
biochar application in the integrated BF-BOF process is its 
use in cokemaking to produce biocoke. In this approach, 
biomass or pre-produced biochar is added to the coal 
charge as a partial substitute for coking coals [28-32]. After 
co-coking, a composite coke is formed that contains both 
fossil and renewable carbon. In most studies, the biomass 
or biochar content in the coal charge is up to 10 wt%. This 
range allows the biocoke to retain acceptable technological 
properties. The tolerable degree of substitution is deter-
mined by the type of biomass, the temperature of its ther-
mochemical treatment, the volatile matter, the ash value, 
the chemical composition of the ash, and the material’s 
ability to interact with the plastic phase of the coal during 
the coking process. 

Using biochar in coal blends offers several potential ad-
vantages. Biochar typically has a low ash amount and very 
low sulfur and phosphorus levels compared to coal. As a 
result, the concentration of undesirable elements in biocoke 
is reduced. The mineral composition of biochar ash also 
differs from that of coal ash and can alter the processes in-
volved in the formation of the mineral phase of biocoke, 
affecting its structure and performance characteristics. 

At the same time, increasing the proportion of biochar is 
accompanied by several technological limitations. Table 1 
compares the characteristics of conventional coke and biocoke. 

Table 1. Comparison of the general requirements of conven-

tional coke and biocoke 

Parameters 
Coke Biocoke 

Values 

Proximate analysis, wt% 

Moisture, ad 
<5.0 (wet quenching) 
<0.7 (dry quenching) 

Volatile matters (VMdb), db ≤1.0 

Ash, db ≤11.0 5.8-10.8 

Sulfur (St
db), db <1.0 0.2-1.0 

Fixed carbon (fCdb), db app. 86.0-88.0 app. 87-92 

Ultimate analysis, wt% 

Carbon, db app. 85.0–87.0 app. 84.5–92 

Hydrogen, db app. 0.18–0.4 >0.2 

Nitrogen, db app. 1.0–1.9 ⁓1.0 

Oxygen, db app. 0.2–0.9 ⁓2.0 

Other parameters 

Specific surface area (SSA), m2/g app. 2.0 app. 2.0-6.0 

Coke reactivity index (CRI), % <25 >25 

Coke strength after reaction with 

CO2 (CSR) %  
>65 <65 

 

In Table 1, ad denotes the as-determined basis, while db 
denotes the dry basis. The high volatile content and the 
unique structure of biochar can lead to a lower yield of solid 
product during coking. Additionally, biocoke is usually char-
acterized by higher reactivity toward carbon dioxide (coke 
reactivity index, CRI) and lower coke strength after reaction 
(CSR). These changes are due to increased porosity, a larger 
specific surface area, and a less ordered structure of the car-
bon matrix compared to traditional metallurgical coke.  

3. Biochar utilization in iron ore sintering 

The sintering process of iron ore is one of the most ener-
gy-intensive stages of integrated BF production and produces 
the sinter for BF. Coke breeze is traditionally used as fuel, 
providing the necessary heat release as the combustion front 
moves through the sintering charge layer. In recent years, 
significant attention has been paid to the possibility of par-
tially replacing coke breeze with biomass, biochar and bio-
coke in order to reduce fossil carbon consumption and lower 
greenhouse gas emissions [15, 33-37]. 

During the sintering process, biochar acts as a fuel, 
providing the thermal energy necessary for the formation of 
the liquid phase and the subsequent sintering of iron ore 
particles. In contrast to coke, biochar cannot support mechan-
ical loads, therefore, the strength requirements for it are sig-
nificantly lower. However, its effectiveness is determined by 
a set of physico-chemical characteristics, including fixed 
carbon, volatile matter, moisture, ash, particle size, bulk 
density, and calorific value.  

To have a stable sintering process, the carbon materials 
must meet several technological requirements. Moisture 
should generally not exceed 15 wt%, as high moisture con-
tent impairs the granulation of the charge and increases the 
thermal energy required for water evaporation. It is recom-
mended to keep volatile matter below 3 wt% to maintain a 
stable combustion front without excessively rapid release of 
gaseous products. The ash value of the fuel should be less 
than 12 wt%, since an increase in the amount of mineral 
impurities leads to an increase in the volume of the slag 
phase, a change in the mineralogical composition of the 
sinter, and a decrease in the iron content of the product. 
Fixed carbon should be in the range of 80-85 wt% to provide 
the necessary calorific value and combustion duration. Addi-
tional requirements include a minimum sulfur content, a 
particle density of more than 700 kg/m3, a particle size of 
0.3-3.0 mm (with a possible increase to 10 mm), and a higher 
heating value of 25-30 MJ/kg. The main properties of fuel 
for iron ore sintering are presented in Table 2. 
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Table 2. Requirements for the properties of fuel for iron ore 

sintering 

Parameters Value 

Moisture, wt% <15.0 

Volatile matters (VMdb), wt% <3.0 

Ash (Adb), wt% <12.0 

Fixed Carbon (fCdb), wt% 80.0-85.0 

Sulphur (St
db), wt% <2.0 

Particle density, kg/m3 >700 

Size, mm 0.3-3.0 or 10.0 

 
One of the main advantages of biochar is the ability to par-

tially replace coke breeze without modifying the existing sin-
tering technology. According to published studies, the degree 
of substitution can reach 40-60 wt%. However, the optimal 
range is determined by the properties of the specific biochar 
and the quality requirements for the sintered product [14, 38-
41]. Experimental data also show that as the degree of substi-
tution of coke breeze with biochars increases, the sinter yield 
gradually decreases [15, 37, 42]. Despite these limitations, 
biochar use offers significant environmental benefits. Because 
it contains almost no fossil carbon, the overall carbon footprint 
of the sintering process is reduced. In addition, the low sulfur 
content in most biochar types reduces SO2 emissions, and the 
absence of significant bound nitrogen helps reduce NOx for-
mation. Biochar’s high reactivity also allows more complete 
fuel combustion and reduces unburned carbon emissions. 

4. Biochar utilization for injection into a blast furnace 

Pulverized Coal Injection (PCI) technology is one of the 
most effective ways to reduce metallurgical coke consump-
tion in the BF process. In modern BFs, the consumption of 
injected fuel typically ranges from 150 to 250 kg/t of pig 
iron, and in the most advanced facilities, it can reach 250 to 
300 kg/t of pig iron, which significantly reduces the con-
sumption of expensive coke and lowers production costs [43-
46]. In recent years, biochar has been viewed as a promising 
alternative to fossil pulverized coal fuel due to its renewable 
origin and virtually neutral carbon balance. 

When injected through the BFs’ tuyeres, biochar serves 
two main functions, namely, it acts as an additional source of 
thermal energy and participates in reduction processes. In the 
combustion zone, biochar rapidly heats to 1800-2200°C, 
releasing volatile compounds. The residual carbon then reacts 
with blast oxygen and carbon dioxide to form CO. The result-
ing carbon monoxide is the primary reducing agent involved 
in the reduction of iron oxides in the BF shaft. In contrast to 
coke, biochar is characterized by significantly higher porosity, 
a large specific surface area, and greater reactivity, which 
contributes to its rapid ignition and nearly complete combus-
tion within the confined space of the tuyere zone. 

To apply biochar in PCI technology, it should meet sev-
eral technical requirements. The moisture content before 
drying must not exceed 15 wt%, and after drying, 2 wt%, 
since excess moisture increases the energy required for water 
evaporation and impairs the stability of powder transport in 
the pneumatic injection system. It is recommended to main-
tain volatile matter at 20-25 wt% to achieve rapid fuel igni-
tion and preserve sufficient solid carbon for subsequent re-
duction reactions. Fixed carbon must exceed 75 wt%, and 
ash should be limited to less than 10 wt% to minimize the 
introduction of mineral impurities into the BF and prevent 
deterioration of slag properties. Table 3 lists the main re-
quirements for pulverized coal fuel for injection into a BF. 

Table 3. Key requirements for PCI for BF 

Parameters Value 

Moisture before drying, wt% <15.0 

Moisture after drying, wt% <2.0 

Volatile matters (VMdb), wt% <20.0-25.0 

Ash (Adb), wt% <10.0 

Fixed Carbon (fCdb), wt% >75.0 

Sulphur (Stdb), wt% <0.45-0.5 

Phosphorus (P), wt% <0.05 

Alkalis, wt% <0.3 

Ash fusion temperature, °C 1250-1450  

 
Particular attention is paid to harmful impurities. The sul-

fur concentration must be less than 0.50 wt%, the phosphorus 
content less than 0.05 wt%, and the total content of alkali 
elements must be less than 0.3 wt%, since their accumulation 
in the BF leads to intensified internal circulation of alkalis, 
accelerated deterioration of refractories, and deterioration of 
the process’s gas dynamics. The melting point of the fuel ash 
should be in the range of 1250-1450°C, which prevents the 
formation of molten deposits in the tuyere zone and ensures 
stable BF operation. 

Several factors determine the maximum possible rate of 
substitution of traditional pulverized coal fuel with biochar. 
One of the most important factors is the material’s grindabil-
ity. Because of its lower hardness, biochar typically requires 
less energy to grind than bituminous coal. However, its high 
porosity leads to the formation of more ultrafine particles, 
which can complicate powder transportation and alter its 
combustion characteristics. 

Another important characteristic of biochar is its higher 
oxygen content compared to some bituminous coals. The 
increased oxygen concentration reduces the fuel’s calorific 
value and lowers the combustion temperature. In the BF 
process, this effect is compensated for by increasing the 
oxygen content of the blast air, thereby maintaining a practi-
cally constant adiabatic combustion temperature in the tuyere 
zone (Raceway Adiabatic Flame Temperature, RAFT). 
Maintaining RAFT is a prerequisite for stable furnace opera-
tion and maintaining productivity as the proportion of bio-
char increases. As the rate of fossil coal substitution with 
biochar increases, it is necessary to optimize the blast param-
eters, oxygen flow rate, and fuel injection regime. 

5. Biochar utilization in the basic oxygen furnace process 

Basic oxygen steelmaking remains the dominant 
steelmaking process and forms part of the BF-BOF route, 
which accounts for approximately 70% of global crude steel 
production [9, 47]. During BOF refining, oxygen is blown 
onto and/or into a bath of hot metal containing steel scrap 
and fluxes, promoting the oxidation of carbon, silicon, man-
ganese, phosphorus, and other elements. These exothermic 
reactions provide the heat required to refine and melt the 
added scrap. Despite the autothermal nature of the process, 
additional energy sources are often used to maintain the 
required heat balance to allow a higher proportion of scrap 
metal in charge and reduce liquid pig iron consumption. 

One promising renewable source of additional energy is 
biochar. In an oxygen converter, it serves as both a fuel and a 
carbon-containing material, the oxidation of which is accom-
panied by the release of a significant amount of thermal 
energy. The requirements for its mechanical strength can be 
significantly lower, while its chemical composition, ignition 
rate, and oxidation kinetics become the key factors. 
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When biochar is introduced into the melt, its particles 
rapidly heat to 1600-1700°C, after which intense oxidation of 
carbon by oxygen begins, primarily forming carbon monox-
ide. The following exothermic reactions take place, accord-
ing to Equations 1 and 2: 

C + 1/2O2 → CO,             (1) 

CO + 1/2O2 → CO2.             (2) 

These reactions provide an additional heat input to the 
converter, contributing to maintaining the required tempera-
ture of the molten steel without increasing the consumption 
of molten pig iron. The high porosity of biochar and its large 
internal surface area ensure rapid ignition and a high rate of 
oxidation compared to traditional fossil carbon materials. 

The additional thermal energy compensates for the loss 
of physical heat that occurs when the scrap metal content in 
the charge is increased [48-51]. Increasing the scrap content 
is one of the most effective ways to reduce total CO2 emis-
sions, as steel production from recycled metal results in a 
significantly smaller carbon footprint compared to the use 
of molten pig iron. 

The use of biochar reduces the consumption of traditional 
chemical energy sources used to regulate the converter’s heat 
balance, such as ferrosilicon, aluminum, coke breeze, or 
anthracite. Thus, a portion of fossil carbon can be replaced 
with a renewable alternative without significantly altering 
existing steel production technology. 

For effective use in a BOF, biochar moisture should not 
exceed 2 wt%, as its evaporation leads to additional heat 
losses and impairs the stability of the material feed. It is rec-
ommended to limit volatile matter to 3-6 wt% to have a suffi-
cient ignition rate with minimal release of gaseous products. 
Ash should be less than 10 wt% to prevent excessive influx of 
mineral components into the slag and avoid increased flux 
consumption. Fixed carbon should typically be around 75-
90 wt% to possess a high calorific value and efficient use of 
the material as a source of chemical energy. Table 4 lists the 
main requirements for fuel used in the BOF process. 

Table 4. The main requirements for fuel in BOF 

Parameters Value 

Moisture, wt% <2.0 

Volatile matters (VMdb), wt% <3.0-6.0 

Ash (Adb), wt% <10.0 

Fixed Carbon (fCdb), wt% 75.0-90.0 

Sulphur (St
db), wt% <0.6 

Phosphorus (P), wt% low 

Alkalis, wt% low 

Density, kg/m3 >500 

 
Special attention is paid to the concentration of harmful 

impurities. The sulfur value should be less than 0.6 wt%, 
and the content of phosphorus and alkali elements should be 
kept to a minimum, as their presence degrades steel quality, 
increases the load on refining processes, and may negatively 
affect the durability of the refractory lining. It can be ad-
vised to maintain biochar density above 500 kg/m3 to reduce 
dust generation. 

6. Biochar utilization in electric arc furnaces 

The EAF is the primary unit for producing steel from 
scrap metal and direct reduced iron (DRI/HBI). Compared to 
the integrated BF route, the main energy source in the EAF is 
electricity. However, carbon-based materials remain a critical 

component of the process [14, 28, 52-54]. They reduce iron 
oxides, recarburize molten steel, and provide additional 
chemical energy through exothermic carbon oxidation reac-
tions. Because carbon materials do not require high mechani-
cal strength, biochar is considered one of the most promising 
renewable substitutes for fossil carbon, particularly in elec-
tric arc metallurgy. 

In modern EAFs, carbon can be introduced either as part 
of the metal charge or by injecting powdered material. 
Biochar can perform both functions, making it possible to 
partially or nearly completely replace traditional carbon 
materials in certain process operations. One of the most 
important functions of carbon in an EAF is slag foaming 
[19, 21, 55-57]. During melting, the slag contains some 
amount of iron oxide (FeO), which reacts with carbon and 
can also react with CO, according to Equations 3 and 5. 
Additionally, some reactions can occur with carbon accord-
ing to Equations 4 and 6. 

FeO(liq) + C(s) → Fe(liq),             (3) 

C(s) + 1/2O2(g) → CO(g),             (4) 

FeO(liq) + CO(g) → Fe(liq) + CO2(g),            (5) 

C(s) + CO2(g) → 2CO(g).             (6) 

The generated carbon monoxide causes slag foaming. 
The foamy slag covers the electric arcs, reducing heat loss 
through radiation, protecting the furnace lining, and ensuring 
more uniform heat distribution throughout the melt. As a 
result, specific electricity consumption decreases, the electri-
cal energy utilization factor improves, and the service life of 
the refractories is extended. 

On average, 10-20 kg of carbon per metric ton of steel is 
required for effective slag foaming, although actual consump-
tion depends on slag composition, FeO content, oxygen blow-
ing regime, and the technology used at a specific metallurgi-
cal plant. Because of biochar’s high reactivity, CO formation 
occurs more rapidly than when using traditional coke breeze, 
which promotes more intense slag foaming. However, exces-
sively high reactivity can lead to foam instability, so biochar 
properties should be adapted to the process conditions. 

Another important function of biochar is related to the 
reduction of iron oxides present in the slag. During oxygen 
blowing, some of the iron inevitably ends up in the slag as 
FeO. The reduction reaction allows the iron to return to the 
metal bath, increasing the yield of usable metal and reducing 
iron losses in the slag. The efficiency of this process is de-
termined by the reactivity of the carbon, its surface area, and 
the rate of CO reduction gas formation. 

Biochar is also widely considered as a material for the re-
carburization of molten steel or steel alloying [20, 24, 58]. 
After the period of intensive oxidation ends, the carbon con-
tent in the metal is usually lower than required, so additional 
recarburization of the melt can be carried out to achieve the 
required chemical composition of the steel. In this case, car-
bon should also dissolve effectively in the molten metal. 
Typically, carbon-bearing material consumption during the 
recarburization stage is 2-5 kg per metric ton of steel. How-
ever, specific values depend on the steel grade and the final 
carbon content. 

Overall, total consumption of carbon-containing materials 
in an EAF is approximately 12-25 kg per metric ton of steel 
produced, including materials for slag foaming and recarbu-
rization. When transitioning to DRI-EAF technology, carbon 
demand may increase due to the higher iron oxide content in 
the metalized source. 



L. Kieush et al. (2026). Engineering Journal of Satbayev University, 148(4), 1-10 

 

6 

To use biochar effectively in an EAF, it should meet the 
basic requirements listed in Table 5. It is recommended to 
keep moisture below 2 wt%. Volatile matter is typically 
limited to 2-7 wt%. Fixed carbon should exceed 80-85 wt%, 
while ash should be limited to less than 10 wt% to avoid 
excessive slag volume and changes in physico-chemical 
properties. Sulfur and phosphorus concentrations should be 
kept to a minimum, as these elements can transfer into the 
metal and degrade steel quality. The optimal particle size is 
approximately 0.5-5 mm. 

Table 5. Basic requirements for carbon materials for use in EAFs 

Parameters Value 

Moisture, wt% 1.0-7.0 

Volatile matters (VMdb), wt% 2.0-7.0 

Ash (Adb), wt% <10.0  

Fixed Carbon (fCdb), wt% >85.0  

Sulphur (St
db), wt% low 

Phosphorus (P), wt% low 

Size, mm 0.5-5.0  

 
The effectiveness of biochar in EAF conditions depends 

on a combination of its physico-chemical properties. The 
most significant factors are fixed carbon, reactivity, particle 
size distribution, porosity, degree of microstructural devel-
opment, volatile matter, and ash chemistry. High porosity 
increases reaction surface area and accelerates FeO reduc-
tion. However, it can also reduce particle mechanical 
strength and alter the rate of carbon dissolution in the metal. 
The mineral components of the ash can catalyze gasification 
reactions and alter the slag's composition and viscosity, 
thereby affecting the stability of the foam layer. 

An important advantage of biochar is its high reactivity 
compared to coke breeze, petroleum coke, and anthracite 
[52, 59, 60]. Because biochar has a more developed porous 
structure and more active sites, it participates in reduction 
and gasification reactions more quickly, improving slag 
foaming efficiency and reducing melting time. At the same 
time, excessive reactivity can accelerate carbon consumption 
and reduce process stability. Therefore, different biochar 
characteristics may be required for various operations (e.g., 
slag foaming, recarburization). 

7. Outlook 

Despite biochar’s significant potential as a renewable 
carbon source for metallurgical processes, its widespread 
industrial adoption faces several scientific, technical, and 
technological challenges. Unlike traditional fossil carbon 
materials, whose properties are relatively stable and stand-
ardized, biochar characteristics depend heavily on biomass 
origin, growing conditions, pretreatment technology, and 
pyrolysis and post-furnace treatment parameters. This varia-
bility makes it difficult to predict the material’s behavior 
under high-temperature metallurgical conditions and requires 
new approaches to classification and standardization. 

One of the main challenges is the variability of biochar’s 
physico-chemical properties. Even with a single biomass type, 
fixed carbon can vary widely (60 to over 90 wt%), ash from less 
than 1 to over 10 wt%, and volatile matter from 5 to 30 wt%, 
depending on pyrolysis temperature. Similarly, the specific 
surface area, porosity, density, degree of order, and chemical 
composition of the ash vary significantly. This heterogeneity 
complicates the direct replacement of fossil carbon materials 
and requires selecting biochar for each metallurgical process. 

Special attention is given to the relatively low mechanical 
strength and density of biochars. Depending on the feed-
stock, biochar density typically ranges from 200 to 
600 kg/m3, which is significantly lower than that of metallur-
gical coke (700-900 kg/m3). Increased brittleness contributes 
to fine-particle formation during transportation and storage, 
impairs dosing conditions, and limits the use of biochar in 
processes where the material is subjected to significant me-
chanical stress. Therefore, densifying biochar is essential for 
improving its application efficiency. 

High oxygen and hydrogen content also significantly af-
fects the metallurgical behavior of biochar. Although oxy-
gen-containing functional groups increase the material’s 
reactivity, they also reduce its calorific value and increase the 
rate of gasification. Furthermore, an increase in the content 
of volatile matter can lead to changes in the fuel’s combus-
tion characteristics and a redistribution of heat fluxes in met-
allurgical units. 

In some cases, the chemical composition of the ash poses 
an additional limitation. Various types of biomass may con-
tain elevated concentrations of alkali metals (K, Na), calci-
um, magnesium, silicon, and phosphorus. These elements 
have a significant impact on reactivity, slag formation, high-
temperature corrosion of equipment, and the quality of metal 
products. Controlling the content of phosphorus and alkali 
elements is particularly important, as their accumulation can 
negatively affect the technological characteristics of the 
metallurgical process. 

At the same time, the high variability of biochar’s proper-
ties opens up significant opportunities for its targeted adapta-
tion to specific metallurgical processes. Unlike fossil carbon 
materials, biochar properties can be controlled as early as the 
production stage by selecting the feedstock and adjusting the 
pyrolysis temperature and duration, heating rate, process 
atmosphere, and post-treatment methods. This approach 
allows the production of materials with predetermined char-
acteristics optimized for specific technological tasks. 

One of the most promising areas of research is develop-
ing function-oriented requirements for biochar. It is advisa-
ble to determine specific quality criteria for each metallur-
gical process. An equally important area of research in-
volves studying the mechanical strength of biochar, as well 
as its behavior during transportation and long-term storage. 
For industrial applications, it is necessary to determine the 
mechanisms of particle fracture, the material’s susceptibil-
ity to abrasion and dust formation, the effect of ambient 
humidity on property changes, and the possibility of com-
pacting the material through briquetting or granulation. 
Increasing biochar density can significantly improve condi-
tions for transportation, storage, dosing, and use in metal-
lurgical production. 

Special attention should be paid to industrial safety is-
sues. Due to their high specific surface area and increased 
reactivity, some types of biochar may be prone to self-
heating and spontaneous combustion, especially after drying 
or when stored in the presence of oxygen [61-63]. This effect 
is caused by intense oxidation of active surface sites and may 
pose a hazard during transportation and storage. Therefore, 
for each type of biochar, it is necessary to determine the 
oxidation onset temperature, the kinetics of self-heating, and 
the conditions for safe storage. 

Meanwhile, variability in biochar properties can be a sig-
nificant advantage. Depending on the biomass type and pro-
cessing technology used, it is possible to produce materials 
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with low ash, minimal sulfur and nitrogen content, high fixed 
carbon content, and optimal reactivity. This opens opportuni-
ties to create specialized biochar for various ferrous metallurgy 
processes, allowing not only reduced fossil carbon consump-
tion but also improved production performance metrics. 

7. Conclusions 

The study shows that biochar is one of the most promis-
ing renewable carbon materials for defossilizing the ferrous 
metallurgy industry. Because it can be produced from vari-
ous types of biomasses, is highly reactive, and has a practi-
cally neutral biogenic carbon cycle, biochar can partially or 
completely replace traditional fossil carbon materials in met-
allurgical processes. However, its effectiveness depends 
significantly on the specific technology's requirements and 
the material’s complex physico-chemical properties. 

In the cokemaking process, biochar can be used as a com-
ponent of the coal blend to produce biocoke. However, most 
studies show that the acceptable biochar content is typically 
up to 10 wt%, since a further increase in its proportion leads 
to a decrease in the plasticity of the coal mixture, a reduction 
in the degree of development of the anisotropic coke struc-
ture, an increase in CRI, and a decrease in CSR. At the same 
time, the use of biochar makes it possible to reduce the sulfur 
and phosphorus content in biocoke and to lower its ash. 

The iron ore sintering process offers more favorable condi-
tions for using biochar as a fuel in place of coke breeze. Ac-
cording to established practices, the optimal substitution rate is 
typically 40-60 wt%, which keeps the yield of usable sinter 
above 80% while reducing fossil carbon consumption. An 
additional benefit is reduced CO2, SO2, and NOx emissions 
due to the low sulfur and nitrogen content in the biomass. 

PCI technology also represents a promising way for inte-
grating biochar into BF production. In this technology, biochar 
serves as both a fuel and a reducing agent, and the absence of 
requirements for high mechanical strength makes it possible to 
partially replace traditional pulverized coal. However, the 
maximum permissible substitution rate is determined by oxy-
gen and volatile matter content, particle size distribution, 
grindability, and the need to maintain the adiabatic combustion 
temperature in the BF zone to provide process stability. 

Biochar shows significantly greater potential for use in the 
BOF process, where it can effectively serve as an additional 
source of chemical energy, thereby reducing the consumption 
of traditional energy sources, offsetting the decline in the heat 
balance caused by an increase in the proportion of scrap metal, 
and thus improving the resource efficiency of steel production. 

Promising areas for the industrial application of biochar 
include EAF. It can be used for slag foaming, reducing iron 
oxides, recarburizing molten steel, and as an additional 
source of chemical energy. Depending on the process opera-
tion and material characteristics, it is possible to partially or 
nearly completely replace traditional carbon materials with 
renewable carbon. 
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Шойын және болат өндірісінде биокөмірді пайдаланудың негізгі 

бағыттарына шолу 
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Аңдатпа. Осы мақалада биокөмірді шойын және болат өндірісінде қолданудың негізгі бағыттары, сондай-ақ оның 

қазба негізіндегі көміртекті материалдарға жаңартылатын балама ретіндегі қасиеттеріне қойылатын талаптар жи-

нақталған. Биокөмірді кокстеу, темір кенін агломерациялау, домна пешіне (ДП) үрлеу, оттекті-конвертерлік балқыту 

(ОКБ) және доғалы болат балқыту пешіндегі (ДБП) электрболат балқыту өндірісі процестерінде пайдалану қарасты-

рылған. Әрбір процесс үшін биокөмірдің атқаратын функциялары және оның негізгі сипаттамаларына, соның ішінде 

реакциялық қабілеттілігіне, кеуектілігіне, тығыздығына және механикалық беріктігіне қойылатын талаптар жүйелен-

ген. Кокстеу кезінде биокөмірдің үлесі, әдетте, шамамен 10 масс.% деңгейімен шектелетіні көрсетілген, өйткені оны 

қосу кокстың беріктігі мен реакциялық қабілеттілігіне кері әсер етеді. Темір кенін агломерациялау кезінде кокстық 

ұсақтығының 40–60 масс.%-ын биокөмірмен алмастыруға болады, ал домна пешіне үрлеу кезінде алмастыру дәрежесі 
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жану жағдайларына және фурмалық аймақта тұрақты температураны сақтау қажеттілігіне байланысты болады. Био-

көмірді оттекті конвертерлер мен доғалы болат балқыту пештерінде пайдалану ең жоғары әлеуетке ие, мұнда ол қо-

сымша энергия көзі, көміртектендіргіш және қожды көбіктендіруге арналған материал қызметін атқара алады. Био-

көмірді өнеркәсіптік деңгейде қолданудың негізгі шектеулеріне оның қасиеттерінің тұрақсыздығы, төмен тығыздығы 

мен беріктігі, күл құрамының біркелкі болмауы және өздігінен қызуға бейімділігі жатады. Әрбір металлургиялық 

процесс үшін биокөмірге қойылатын арнайы талаптарды әзірлеу қажеттілігі туралы қорытынды жасалған. 

Негізгі сөздер: көміртекті материалдар, металлургия, реакциялық қабілеттілік, биокөмір, биококс, темір кенін 

агломерациялау, көміртектендіру, электр пештері. 

Обзор основных направлений использования биоугля  

в производстве чугуна и стали 
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Аннотация. В данной статье обобщены основные направления применения биоугля в производстве чугуна и ста-

ли, а также требования к его свойствам как возобновляемой альтернативы ископаемым углеродсодержащим материа-

лам. Рассмотрено использование биоугля в процессах коксования, агломерации железной руды, вдувания в доменную 

печь (ДП), кислородно-конвертерной плавки (ККП) и электросталеплавильного производства в дуговой сталепла-

вильной печи (ДСП). Для каждого процесса систематизированы функции биоугля и требования к его основным харак-

теристикам, включая реакционную способность, пористость, плотность и механическую прочность. Показано, что при 

коксовании доля биоугля, как правило, ограничивается приблизительно 10 мас%, поскольку его добавление отрица-

тельно влияет на прочность и реакционную способность кокса. При агломерации железной руды биоуглём можно 

заменить 40-60 мас% коксовой мелочи, тогда как при вдувании в ДП степень замещения зависит от условий горения и 

необходимости поддержания стабильной температуры в фурменной зоне. Наибольшим потенциалом биоуголь обла-

дает при использовании в кислородных конвертерах и ДСП, где он может выполнять функции дополнительного ис-

точника энергии, науглероживателя и материала для вспенивания шлака. К основным ограничениям промышленного 

применения биоугля относятся нестабильность его свойств, низкие плотность и прочность, неоднородный состав золы 

и склонность к самонагреванию. Сделан вывод о необходимости разработки специальных требований к биоуглю для 

каждого металлургического процесса. 

Ключевые слова: углеродистые материалы, металлургия, реакционная способность, биоуголь, биококс, спекание 

железной руды, науглероживание, электропечи. 
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