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A critical comparative analysis of technologies for preparation of ore and technogenic materials before metallurgi-

cal processing was conducted in this research. Briquetting, sintering, pelletizing and direct use of fines (process-

ing without agglomeration) were conditionally emphasized among these technologies. The roller-press briquetting, 

vibropressing briquetting and stiff vacuum extrusion constitute the basis of the briquetting technology, advantages 

and disadvantages of these methods were analyzed that accompany briquetting. A few modern briquetting plants 

in CIS countries were commissioned. The main features were provided for agglomeration via pelletizing method.  

The sintering technology was reviewed, as well as data on new sintering plants in Russia. The technologies of direct 

processing of fines, which are conditionally divided into “fluidized bed” and direct processing of the fines in the 

melt, were briefly considered. The restrictions for processing in a “fluidized bed” were described as well as reduction 

characteristics of pellets and briquettes, which are often accompanied by swelling (variation of linear dimensions). 

The main causes of swelling of iron ore materials during reduction were described. The political and ecological 

factors of production and the problems of hydrogen power engineering were examined. The characteristics of total 

carbon dioxide emissions were provided for different production. It was shown that smelting of briquettes and pel-

lets in arc furnaces, which are preliminary metalized by the gaseous reducing agents, are characterized by the lowest 

amount of emissions among the existing technologies. At the same time, the maximal carbon dioxide emissions are 

observed when using the alternative technologies, which utilize lump coal as a reducing agent.
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1. Introduction

At present time, four main groups of technologies, 

which are applied for processing of ore and technogenic 

materials, can be conditionally emphasized: briquetting, 

sintering, pelletizing [1] and direct use of fines (technologies 

of “fluidized bed” or introduction of fines into the melt) 

[2]. Development of the technologies for processing of iron 

ore materials has a certain history, that effected methods of 

preparation before metallurgical processing. Based on ob-

jective reasons, most of the charge materials are subjected to 

agglomeration procedures. Agglomeration of fines, which 

are forming during ore mining and processing, was used 

for the first time in the XIX century with fabrication of 

briquettes [3]. Success of the briquetting technology was 

finalized in starting of operation of such production lines 

in Sweden, UK and USA until 1913. However, the pat-

ents for agglomeration methods of iron ore via sintering 

and for the conveyor sintering machine [4] were obtained 

in Germany in 1902 and in USA in 1907-1909. Owing to 

insufficient strength of briquettes and low productivity of 

briquetting machines, the sintering method was widely ap-

plied in the iron and steel industry and non-ferrous metal-

lurgy, pushing out the briquetting technology. Afterwards, 

involvement of depleted iron ore in processing technolo-

gies and development of beneficiation technologies with 

obtaining of fine-dispersed concentrate led to develop-

ment of another technology (pelletizing). The first patent 

for production of pellets was obtained in Sweden in 1916. 

This agglomeration method was not applied then widely, 

and commercial production of pellets started only in the 

second part of the XX century [5]. Subsequently, strength-

ening of ecological requirements arose the interest to the 

briquetting technology again. More wide application of  

the briquetting technique started during development of the  

processing methods of fine materials and metallurgical wastes 

[6] as well as in several direct iron reduction technologies, 

 including those in the ferroalloys industry [7]. 

The fine materials are characterized by the most devel-

oped surface from kinetic point of view [8]. Thereby, the 

following technologies for processing of the fine charge ma-

terials without preliminary treatment and with direct pro-

cessing in a “fluidized bed” or with introduction of particles 

into the melt, have been developed: FIOR, CIRCORED, 

FINMET, IRON CARBIDE,  FINEX (“fluidized bed” 

technologies) and HISMELT, HISARNA [9] (direct iron 

smelting technologies). It should be noted that several  

such technologies were not developed to the stage of  
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commercial application and were idled, due to certain dif-

ficulties [10, 11]. 

Issues in choosing the technology for preparation and 

processing of ore and technogenic materials can appear at 

the enterprises during putting into practice the new produc-

tion facilities as well as during scientific and research work. 

Thereby, the present study was aimed to provide generaliza-

tion and critical comparative analysis of the technologies 

of briquetting, sintering, pelletizing and direct processing 

of fines without agglomeration, in order to reveal their ad-

vantages and disadvantages.

2. Briquetting technology 

Briquetting is one of the first agglomeration technolo-

gies for iron ore fines. There are three main briquetting  

methods – roller press briquetting, vibropressing briquetting 

and stiff vacuum extrusion [12]. 

2.1. Roller press briquetting
The roller press briquetting technology is realized in roll 

presses, which include housing with one or two pairs of rolls 

with steel sleeves mounted on this housing. The cells in the 

form of semi-form of briquettes are located on the sleeves 

in chess order. The prepared charge is subjected to pressing 

in the gap between the rolls which are rotated towards each 

other. Productivity of up-to-date roller press briquetting 

machines can achieve 50 tons per hour. 

At present time, roller press briquetting is used in India, 

where it occupies one of the leading places worldwide in 

direct reduced iron (DRI) production. Based on this 

technology, DRI is reduced by coal in rotary kilns from 

ore, sinter and briquettes (annual production of DRI and 

hot-briquetted iron (HBI) in India exceeds 22 mln. tons 

[10]). The new roller press briquetting production line for 

manufacture of briquettes from oily mill scale and converter 

dust was put into practice at Vijayanagar plant in India in 

2016; its productivity constitutes 30 tons per hour, or about 

150,000 tons per year [13]. 

Briquetting works of Harsco Metals company are lo-

cated in Europe, Asia and USA; they are intended for blast 

furnaces with total production volume 1.5 mln. tons per 

year. Such briquettes are added to the blast furnace charge 

(10-15 kg per ton of cast iron).

Roller press briquetting is also used in non-ferrous met-

allurgy for agglomeration of copper-nickel concentrates. 

In 2011 “Norilsk Nickel” mining and metallurgical com-

pany constructed the concentrate briquetting section at 

Zapolyarnyi production site of Kola mining and metallur-

gical company; it operates instead of the pellets production 

line. Annual production of this section is about 400,000 

tons of briquettes. Transition to the roller press briquetting 

technology was caused by ecological load, connected with 

large amount of SO2 emission in the atmosphere during 

firing of pellets from copper-nickel concentrate [14].

High productivity, management simplicity, process con-

tinuity, relatively low wear of working surfaces, low energy 

consumption, wide range of sizes of initial fraction of press-

ing material are considered as advantages of the roller press 

briquetting technology. It allows pressing of fine and coarse 

particles, whereas large operating pressure (up to 150 MPa) 

provides high strength of green briquettes with permanent 

linear sizes. 

The disadvantages include the use of essential pro-

portion of binder in briquettes, short-term of the process 

(which can lead to air ingress), and there is a large output 

of recycled wastes from the mixture which was not charged 

in a forming cell (up to 30 % mass.).

Thus, roller press briquetting technology is operated 

worldwide in general, however its technical and economical 

parameters in the iron and steel industry can’t be compared 

with sintering and pelletizing technologies.

2.2. Vibropressing briquetting
Vibropressing briquetting technology was firstly used in 

1970-ies for agglomeration of natural and technogenic ma-

terials in the iron and steel industry. This method is based 

on the physical principle, when mixture viscosity decreases 

under vibrations with frequency >50 Hz in compacting ma-

terial; it allows achieving higher compaction degree at lower 

pressure in comparison with compression [15, 16]. The first 

industrial vibropressing briquetting line was put into op-

eration at the SSAB plant in Sweden for manufacture of 

briquettes as blast furnace charge components. Later vibro-

pressing briquetting plants were built in Russia and Finland. 

Such a production line for manufacture of briquettes as 

blast furnace charge was inaugurated at the SSAB plant 

in Finland in 2012 after sintering plant closure in 2011. 

Vibropressing briquetting plant with annual productivity 

120,000 tons was also operated at Kosaya Gora iron works 

in 2010-2015 [17]. 

There is information about negative operating expe-

rience of the vibropressing briquetting plant of Xstrata 

company (South Africa), which manufactured briquettes 

from chromium ore [18]. Another South African company 

Assmang had operated during several years the vibropress-

ing briquetting plant for manufacture of briquettes from 

technogenic wastes of ferroalloy (ferromanganese) produc-

tion, but in 2016 this line was reconstructed for the technol-

ogy of stiff vacuum extrusion [19].

Successful project in the field of vibropressing briquet-

ting of fine chromium ore on the base of “Gevit-Blok 2.6” 

vibropress was realized by the Russian company “Gevit” 

in Leningrad region in 2019; the roller-press briquetting 

briquetting line was replaced [20]. The company YuGPK 

also put into practice in Novotroitsk (Orenburg region) the 

vibropressing briquetting line for processing of metallurgi-

cal slags for their subsequent use in steel making [21]. 

Productivity of this technology substantially depends 

on size of obtained briquettes. The maximal productivity 

of a vibropressing briquetting line usually does not exceed 

30 tons of green briquettes per hour. Such green briquettes 

obtained via vibropressing briquetting are not suitable for 

direct conveyor transportation to a storehouse just after 

manufacture. At first pallets with briquettes should be laid 

at a collecting stand, afterwards they are transferred in 
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steaming chambers. Cement is usually used as a binder, its 

content in briquette mass can achieve 15 %.

Thus, in general, the experience of operation of vibro-

pressing briquetting lines in the world shows the possibility 

of their application and, in some cases, with achievement 

of the required level of metallurgical properties of the bri-

quettes produced.

2.3. Stiff vacuum extrusion
The term “BREX” was officially registered for bri-

quettes manufactured via stiff vacuum extrusion in 2012 

[22]. The stiff vacuum extrusion technology is realized as 

follows. The charge materials of the required granulometric 

composition are dosed and directed to mixer for homogeni-

zation of their composition. Then materials are forwarded 

into extruder through a feeder, which is equipped by the 

vacuum lock; green ductile briquettes with diameter 5-35 

mm and with different length (depending on fracture fea-

tures) are obtained at extruder exit. Cement is usually used 

as a binder during brex manufacture.

This technology was successfully used in metallurgy 

for the first time for agglomeration of materials in Serro 

Matoso (Columbia) at ferronickel production works in 

1993. Absence of binders in briquetting process is the fea-

ture of the brex manufacture in Columbia [1, 23, 24]. In 

2006, three stiff vacuum extrusion lines for agglomeration 

of nickel ore fines with capacity of  700,000 tons per year 

were constructed in Brazil by VALE company. In 2016, the 

brex production line was put into practice at Chelyabinsk 

ferroalloy plant of Chelyabinsk electrometallurgical works 

for briquetting of manganese ore concentrate with planned 

capacity of 260,000 tons per year [25]. In 2017, transna-

tional company “Kazchrome” (Kazakhstan) started manu-

facture of brex from ferroalloy fines at its plant with annual 

capacity 80,000 tons [26]. In 2019, NLMK built three stiff 

vacuum extrusion lines with capacity of 700,000 tons per 

year [27]. 

Strict requirements for initial material are the features 

of the stiff vacuum extrusion technology; possibility of 

achievement of material plasticity state to provide efficient 

pressing through the die holes is considered as one of the 

main criteria of material suitability. To achieve this plastic-

ity state, material moisture level and granulometric compo-

sition should correspond the preset requirements. Adjusting 

the particle size distribution to meet the requirements of 

stiff extrusion may require additional grinding of the bri-

quetting mixture. Such briquettes are especially character-

ized by different linear size (various length) and high mois-

ture level > 8 %, which leads to plasticity of green briquettes 

until the completion of strengthening process (curing) in 

the air. Information about service life of dies is absent in the 

open sources; economical expenses and equipment service 

life are mainly stipulated by parameters of initial material, 

abrasive properties of the material’s particles and the level 

of conformity of the feed material to the requirements. 

Based on unconfirmed reports, increased wear of equip-

ment can be observed during briquetting of fines containing 

carbides (carbides have high hardness).

3. Sintering technology

The sintering technology in a sintering machine has 

replaced briquetting technology in the beginning of the 

XX century and became at present time the main and most 

widely spread technique for agglomeration of charge ma-

terials before blast furnace smelting in the iron and steel 

industry. This technology is also applied in non-ferrous 

metallurgy [28-31] – in aluminium, nickel and lead pro-

duction [32]. 

High productivity and very wide range of charge ma-

terials, which can be subjected to sintering in a sintering 

machine after agglomeration, are considered as the main 

advantages of this technology.

Complication in organization of sintering plant op-

eration as well as ecological load on the environment 

are essential disadvantages of the sintering technology. 

Sintering plant, being incorporated in an integrated steel 

works, is a source of more than 50 % of all gas and dust 

emissions. Chemical, mineralogical and granulometric 

compositions of ore and concentrates are not permanent, 

thereby homogenization is carried out in order to obtain 

sinter with minimal deviations in chemical composition. 

Sintering process is characterized by definite require-

ments to charge loading. During sintering it is necessary 

to load sufficient charge amount to provide permanent 

and uniform height and width of the sintered layer in a 

sintering machine. Productivity of this machine, strength 

of the sinter and fuel consumption depend on correct 

support of external heating and ignition process. Layer 

strength in the upper part of sinter can differ from layer 

strength in the medium part of the sinter charge, what 

can be accompanied by difference in physical and chemi-

cal properties of final sinter. 

Additional crushing and screening operations in order 

to classify sinter by size before subsequent metallurgical 

processing should be considered as disadvantage, it leads 

to additional economical and energy expenses as well as 

to return of the low-grade sinter to charge at sinter plant. 

Building of a sintering plant requires capital investments for 

auxiliary equipment (car dumpers for materials unloading, 

pallet stackers, equipment for pelletizing of dust-containing 

materials with manufacture of pellets, crushers and screens 

for classification of final sinter). Sintering technology has 

certain restrictions regarding metallurgical wastes. E.g. oily 

mill scale is added to sinter in a very small amount due to 

the oil evaporation, that leads to sticking of fine materials to 

exhauster blades. It should be mentioned that sinter is not 

characterized by sufficient mechanical strength for long-

distance transportation.

In Russia, the new sintering plant with annual ca-

pacity of up to 6.5 mln. tons was commissioned in 2005 

at Chelyabinsk metallurgical plant [33]. In 2019 the new 

sintering plant with annual capacity of up to 5.5 mln. tons 

and with 19 environment protection units was built at 

Magnitogorsk iron and steel works [34]. 

Despite all the disadvantages, today the sintering tech-

nology is the most widely spread and it is applied for large 
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production volumes at integrated steel works with blast fur-

nace production cycle.

4. Pelletizing technology

The first industrial equipment for pellets’ manufacture 

in the world was built and put into operation in the USA in 

1951; wide global development of this technology has start-

ed worldwide just after this event. In 1958 global production 

of pellets was about 15 mln. tons, in 1967 it increased up to 

84 mln. tons [35-38]. 

At present time, the pelletizing technology is widely 

spread in the iron and steel industry and in non-ferrous 

metallurgy as well as in the ferroalloys industry and for uti-

lization of metallurgical wastes [39]. 

In the iron and steel industry, pelletizing technology is 

widely used for involvement of magnetite ores in process-

ing. Manufacture of pellets with subsequent metallization 

using the Midrex technology is realized in Russia at Oskol 

electrometallurgical plant with annual capacity of 3.3 mln. 

tons [40]. In non-ferrous metallurgy, pelletizing technol-

ogy was used at “Norilsk Nickel” mining and metallurgical 

company in 1960-ies for processing of copper-nickel ores. 

It was in practice until the department for pelletizing and 

induration (belonging to Kola mining and metallurgical 

company) was closed and replaced by roller-press briquet-

ting technology [14]. 

Pelletizing is also used for agglomeration of zinc-

containing dust from dust cleaning facilities of electric 

arc steelmaking furnaces [41]. As a rule, reducing agent 

is presented in composition of such pellets. High strength 

of final pellets and possibility of their long-distance trans-

portation (what can’t be provided by the sintering tech-

nology) are considered as important advantages of the 

pelletizing technology. Thereby it is widely spread at the 

mining and metallurgical works. Pelletizing is also used 

as one of the stages of charge preparation during sintering 

[30]. Low strength of green pellets, which require drying 

and special induration at high temperatures, is consid-

ered as disadvantage of this technology. These processes 

are accompanied by power and economical expenses in 

comparison with briquetting technologies, which don’t 

need high-temperature firing.

Addition of a reducing agent can make essential influ-

ence on material’s properties during pelletizing; it can also 

lead to decrease in strength of green pellets and has the ef-

fect on selection of parameters for induration conductions. 

As soon as the firing temperature rises, strength of pellets 

increases and the strengthening process develops more in-

tensively. However, the firing temperature can’t be too high, 

and the temperature of pellets’ sintering is the upper limit. 

When the sintering processes are developing, pellets stick 

into grapes and conglomerates; cooling, withdrawal and 

transportation of such pellets become either difficult, or 

impossible. But it is possible to manufacture pellets with-

out induration, i.e. unfired pellets. However, in technical 

literature there are no information about industrial scale of 

manufacture of the unfired pellets.

One more disadvantage of the pelletizing technology is 

possibility of swelling (volume change) during subsequent 

reduction under certain ranges of temperature and gas com-

positions; it might effect on gas permeability and operating 

conditions of unts.

5. Direct utilization of fines

The methods of direct utilization of fines without ag-

glomeration can be conditionally divided into the tech-

nologies of material processing in “fluidized bed” and the 

technologies of direct charge of fines in the melt.

5.1. Reduction of materials in “fluidized bed”.
From the point of view of reaction kinetics, the tech-

nologies of direct processing of fines in a “fluidized bed” 

seem to be the most logical [8]. However, a row of physi-

cal restrictions are overlapped on these technologies. E.g. 

maximal temperature in the lower reactor of FINEX unit 

achieves 800-850 °C, what is caused by the beginning of 

intensive sintering process of iron ore particles. These 

processes deteriorate gas dynamics of the unit, increase 

complication of the complete reduction control and 

lead to subsequent material smelting [42]. Variations of 

the linear sizes of particles during reduction also have 

influence on gas dynamic processes. It is necessary to 

underline the following conditions, which should be bal-

anced during realization of the reduction processes in a 

“fluidized bed” [43]:

1. Size of particles of initial material. From one side, 

minimal size of the particles is the most preferable in order 

to avoid kinetic restrictions. From another side, the parti-

cles should have maximal size, to provide high rate of the 

gas flow.

2. Height of layer. To minimize heat losses, height of the 

layer (height of a reactor) should be minimal. But height of 

the layer should be maximal, to avoid kinetic restrictions.

3. Reduction temperature. It should be as low as pos-

sible (to avoid sintering), but at the same time it should be 

as high as possible (to avoid kinetic restrictions and increase 

ratio of the gas use).

4. Gas flow rate. It should be as low as possible (to 

minimize the particles’ ejection from the reactor), but at 

the same time it should be as high as possible (to provide 

maximal material charge and heat transfer rate, as well as 

to avoid sintering).

It can be seen from the a.m. conditions that control of 

these units is characterized by definite restrictions to ini-

tial materials and requires rather serious recruitment of the 

high-skilled staff to conduct technological operations.

5.2. Technologies of direct charge of fines into the 
melt

Such technologies (e.g. HIsmelt) are characterized by 

reduction and smelting of fines in the same unit, in a liquid 

metal bath [44]. Development of this technology is imple-

mented in Australia and China. Thermal characteristics of 

the units are lower in comparison with the blast furnaces. 
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The advantage of the technology is its versatility, which 

makes it possible to process many types of iron-containing 

materials and titanomagnetites that are not suitable for 

blast furnace smelting due to the high content of impu-

rities (such as phosphorus [45] or titanium [46]), as well 

as due to the fine particle size (dust and sludge from steel 

mills). Non-coking coals and other kinds of solid carbon-

bearing reducing agents (including biomass) can be used 

for reduction. Very high wear of refractories is considered 

as disadvantage of the early version of this technology (at 

Kwinana plant in Australia). Afterwards this problem was 

partially solved via mounting of the water-cooled panels 

above tuyeres. This technology is also characterized by low 

productivity of units. At present time the problem of use of 

biomass instead of coal (in the case of introduction of high 

taxes for carbon footprint) is also discussed [47].  

6. Features of reduction of pellets and briquettes

It has been noted that the peculiarity of reduction 

of some pellets and briquettes is their tendency to swell 

(change in size) during the reduction process at certain 

temperatures. This process is not usually observed in sinter 

processing. It should be noted that there are several  causes 

of swelling. Swelling might occur due to definite condi-

tions of heat treatment (firing of pellets) [48, 49], reduc-

tion temperature and composition of reducing gas [50, 

51], growth of iron whiskers on reduced metal [52-57], 

metal crust burst due to increase in СО/СО2 or Н2/Н2О 

pressure at interphase boundary between oxide phase and 

reduced metal (forming of gas bubbles) [58, 59], destruc-

tion stresses during Fe2O3 in Fe3O4 transformation [60, 

61], influence of impurities (silica, lime, alkali, dolomite, 

sulfur etc. [48]), and structural effects (such as crystal-

lographic transformations) [62]. Swelling of pelletized 

material can influence on operating parameters of metal-

lurgical units, in some  cases it can achieve catastrophic 

values of increase in material’s sizes (up to 290 %) [51].  

An ore type also has the kinetic type features. E.g., two 

tasks are solved in the process of firing of magnetite pel-

lets: strengthening of the pellets takes place and transfor-

mation of cubic Fe3O4 lattice into hexagonal Fe2O3 lattice 

occurs; during the following reduction operation in met-

allurgical units the reverse transformation of hexagonal  

Fe2O3 lattice in cubic Fe3O4 lattice increases porosity 

[63]. The degree of Fe reduction does not usually exceed  

60-70 % without preliminary oxidizing firing of magnetite 

ore [64].

7. Political and ecological aspects

Taking into account the ecological agenda, policy re-

garding СО2, as well as possibility of introduction of sub-

stantial carbon footprint and coke use credits, it should be 

noted that building of new sintering workshops together 

with blast furnaces can be very problematic in the nearest 

future due to political and ecological aspects. Parameters 

of emissions for each steelmaking technology are presented 

in the Figure based on the data [65-67].  

Minimal amount of CO2 emissions among the exist-

ing technologies is observed in the process of steel scrap 

processing in electric arc furnaces. When processing initial 

ore, minimal amount of CO2 emissions is observed in the 

alternative technologies, which use gas as a reducing agent, 

with agglomeration of initial materials via pelletizing or bri-

quetting technologies. In Russia, Fe reduction by natural 

gas from iron ore pellets is realized in Midrex shaft furnaces 

at Oskol electrometallurgical plant [40]. It is possible to 

further decrease CO2 emissions via use of hydrogen tech-

nologies. Construction of the green metallurgy complex via 

HYL technology using natural gas as a reducing agent is 

planned in Vyksa by 2025; its annual production capacity 

will make up to 1.8 mln. tons. It is noted that in the future 

natural gas can be replaced by hydrogen [68]. 

Amount of СО2 emissions per ton of steel depending on steelmaking technologies
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Hydrogen power engineering is developing in Russia, 

and the Government has approved the plan for development 

of technologies for production, storage, transportation and 

use of hydrogen as an efficient and renewable energy source 

[69, 70]. As a result of implementation of the planned 

measures, hydrogen should become an ecologically clean 

and competitively acceptable energy carrier for wide use, 

as well as a reducing agent in metallurgy. However, it has 

been noted in the high profile paper [71] that hydrogen use 

and production can be expedient only for the regions which 

use alternative energy sources (which are characterized by 

non-stable operation). In this case hydrogen allows us to 

transfer, to accumulate and save energy. At the same time 

expedience of the use of coal-containing energy sources 

is still valid for Russia. In addition, from the thermody-

namic point of view, it is not completely correct to use green 

hydrogen in the iron and steel industry, because electric 

power is consumed for water separation into O2 and H2, 

and then to use hydrogen to get water during Fe reduction 

from its oxides. This illogicality causes development of the 

ULCOWIN technology for direct electrolysis of fine iron 

ore particles. It is important to note in advance that low 

productivity and anode materials are the large drawbacks 

of such technologies [72].

Maximal amount of emissions is provided by alterna-

tive technologies using lump coal. The conventional blast 

furnace cycle is characterized by smaller amount of СО2 

emissions in comparison with these technologies (owing to 

high thermal efficiency factor); however, it is larger than in 

the gas reduction technologies with subsequent electric arc 

smelting of metalized materials. The technology for direct 

processing of fines in liquid metal (HIsmelt technology) has 

lower efficiency factor in comparison with a blast furnace, 

but it does not require organization of the coke production 

facilities and sintering plant, while kinetic conditions are 

optimal.

8. Comparative analysis

The generalized comparative analysis of the existing 

technologies, which are used in processing of ore and tech-

nogenic materials, is presented in the following table.

9. Conclusions

When choosing a certain technology, each raw material 

requires an individual approach and detailed investigations. 

For example, oily mill scale can’t be utilized via sintering 

Comparative analysis of the existing technologies

Technology Advantages, features Disadvantages
Roller-press briquetting – technological simplicity and low cost of 

equipment;
– possibility of transportation of some 
briquettes.

– large proportion of binders;
– large amount of recycled mixture (up to 30 %);
– possibility of swelling during subsequent 
reduction.

Briquetting via 
vibropressing

– low amount of binders in comparison with 
the roller-press briquetting.
– possibility of swelling during subsequent 
reduction.

– green briquettes are not valid for direct 
transportation just after fabrication; 

Stiff vacuum extrusion – low amount of binders in comparison with 
other briquetting technologies (possibility of 
agglomeration of certain materials without 
binders);
– drying (curing) in the air without high-
temperature firing.

– special requirements  to granulometric composition 
and moisture to achieve a plasticity state of the 
material, necessity of additional grinding;
– increased abrasive wear of equipment caused 
by the use of the materials with high hardness of 
particles;
– possibility of swelling during subsequent 
reduction.

Sintering – large production capacity;
– absence of sinter swelling during 
subsequent reduction.

- complication of organization of a sinter plant 
operation;
– unsuitable for small production capacity;
– ecological load, carbon footprint issues;
– unsuitable for sinter transportation;
– existence of certain technical limitations.

Pelletizing – high strength of final pellets;
– possibility of pellets transportation.

– low strength of green pellets;
– requirement to perform induration;
– possibility of swelling during subsequent 
reduction.

Fluidized bed – absence of capital expenses for 
agglomeration;
– the best kinetic conditions during reduction.

– complication of control of the gas dynamics process;
– restriction of the temperature due to development of 
sintering processes and sticking of fines in a reactor.

Direct processing of 
fines in the melt

– absence of capital expenses for 
agglomeration;
- the best kinetic conditions during reduction;
– high process versatility and flexibility (in 
comparison with a blast furnace technology);
– use of non-coking coal.

– low productivity of the units;
– increased lining wear;
– the problems connected with a solid state 
reducing agent and carbon footprint.
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technology due to possibility of the exhauster breakdown. 

Use of stiff vacuum extrusion technology for processing of 

the high hardness of materials can lead to increased wear of 

the screw feeds and dies, which are the base of the equip-

ment for the manufacture of brex.

For magnetite ore, it is often needed to take into ac-

count the operation of oxidizing firing in order to provide 

the transfer of Fe3O4 to Fe2O3, otherwise subsequent Fe 

reduction degree may not exceed 60-70 %. Materials, 

which were agglomerated with certain binders or reduced 

under specific conditions, can swell by more than 2 times 

to catastrophic values in a linear dimensions variation, 

that might significantly effect on the gas dynamics of a 

metallurgical unit.

Thereby, at present time there is no universal technol-

ogy for agglomeration of iron ore materials. When choos-

ing the agglomeration technology and the technology for 

subsequent processing, the whole complex of factors 

should be considered. Among them the following factors 

should be emphasized: chemical composition and mor-

phology of charge materials, use of a binder and type of a 

reducing agent, productivity of metallurgical units at the 

subsequent processing stage, operating temperature, gas 

dynamics and especially political and ecological factors, 

which are connected with the carbon footprint issues and 

can terminate construction of new blast furnace plants in 

the future.

The research was funded by the Russian Science 
Foundation grant No. 21-79-00081 of the Russian  
scientific fund, https://rscf.ru/project/21-79-00081/.
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