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The results of experimental power engineering examination of operating roasting conveyor machines are presented. 

These machines are used for complicated energy-intensive chemical-metallurgical process of roasting of iron ore 

raw materials in moving dense layer with cross feed of heat-carrying gas. The studies were conducted within the 

temperature ranges of thermal and aerodynamic operating conditions of the existing roasting conveyor machines.  

The causes of insufficient power engineering efficiency of the chemical-metallurgical roasting process were revealed, 

qualitative analysis of thermal conditions of roasting dense layer of iron ore raw materials was carried out. The data 

on temperature distribution of heating gas and iron ore material in different areas of a dynamic dense layer and on 

a fire grate in different sections of the roasting machine were obtained. The experimental data from technological 

control of the roasting conveyor machine were presented, as well as the results of chemical and granulometric analy-

ses of roasting iron ore raw materials. Essential deviations in the thermal conditions of operating roasting machine 

in comparison with designed parameters were found out. The data on roasting conditions of iron ore raw materials 

in the experimental unit – the sintering pan, which provides simulation of the roasting conditions close to designed 

ones, are displayed. Insufficient heating in the lower layer levels at the operating roasting machines (in compari-

son with the designed parameters), stipulated by low speed of heat-carrying gas sweeping in the roasting area was 

revealed. Temperature heterogeneity along the width of a fire grate, caused by heterogeneity of heat-carrying gas 

sweeping due to segregation of iron ore material by its size during its loading to the roasting conveyor machine was 

substantiated scientifically.
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Introduction

The process of high-temperature roasting of iron ore 

raw materials in a roasting conveyor  machine is rather 

energy-intensive and can be related by its main features to 

non-stationary heat and mass exchange class of tasks in sta-

tionary layer which is seeped by heating gas [1, 2]. Technical 

literature pays essential attention to this class of tasks, what 

is stipulated by wide distribution of heat exchange processes 

in dense layer in different industries [3, 4]. 

The researches in the field of improvement of iron ore 

raw materials processing technologies in the layer can be 

divided by two main groups [5, 6]. The works connected 

with mathematical simulation of heat exchange processes 

and analysis of the obtained exact and approximate values 

can be related to the first group [7, 8]. Analytical solutions 

can be usually obtained only at significant simplifications 

of a mathematical model [9, 10]. Temperature relationships 

of thermal-physical properties of processed iron ore mate-

rial and heating gas are not taken into account as a rule, 

while heat sources (drains) in the layer of ore material are 

also not taken into account  or taken into account rather 

approximately [11, 12]. 

Technological devices and their thermal operating con-

ditions were calculated using such simplified models and 

they need to be adjusted, sometimes rather substantially and 

in any cases outside the boundaries of tuning the thermal 

procedure [13, 14]. 

Experimental researches of the processes of heat and 

mass transfer in dense layer, which are directed on deter-

mination of parameters of mathematical models, as well 

as experimental simulation of devices and pilot search of 

the favourite conditions for implementation of activated 

chemical-metallurgical processes, are related to the second 

group [15]. 

Technological process of drying and roasting of iron 

ore raw material is a complicated and multifactor process. 

Productivity of roasting machines and quality of obtained 
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semiproduct depend on thermal-physical and reacting 

technological properties of iron ore raw material, such as 

humidity, content of carbonates, fractional composition 

and height of loading layer, temperature and speed of gases 

seeping etc. [16]. Experimental examinations of multifactor 

systems are very labour-intensive and their success mainly 

depends on determination of identity degree of chemical-

metallurgical processes, occurring in experimental models 

and real technological devices [17]. 

Use of reliable initial data, study and taking into ac-

count the most significant factors (which determine run-

ning of technological processes) allow to solve the problems 

connected with heat and mass transfer in devices at the 

principally new level [18]. It is recommended to advance 

from a labour-intensive experimental search to mathemati-

cal simulation and numerical examination of the obtained 

models [19]. 

Analysis of causes of insufficient power engineering effi-

ciency of the process of decarbonizing roasting of lump iron 

ore raw material in dynamic dense layer with cross feed of 

heat-carrying gas on the fire grate of the roasting conveyor 

machine is the aim of this work, as well as determination of 

the ways for improving this complicated energy-intensive 

chemical-metallurgical process.

Research methods: experimental examinations and 

analysis of thermal and aerodynamic roasting procedure 

for iron ore raw material in the existing roasting machines.

Experimental examination of the roasting process of iron 
ore raw material in the roasting conveyor machine

The roasting conveyor machines are used for roasting 

of iron ore raw materials [20]. Their operating experience 

during several years testifies on substantial disadvantages 

during chemical-metallurgical roasting process [21]. Low 

energy efficiency of the main technological process and 

frequent breakdowns due to fire grate burning can be men-

tioned as the most significant disadvantages [22]. As soon 

as intensity of decarbonization processes mainly depends 

on the temperature in the layer of roasted material, we can 

suggest that the above-mentioned disadvantages are closely 

associated with the roasting thermal procedure [23]. 

The operating roasting machines are characterized by 

absence of direct control of the temperature conditions 

in a fire grate. The temperature of waste gases, which is 

measured in vacuum chambers of roasting machines, can be 

considered as an indirect factor of the fire grate temperature 

[24]. In this connection, the roasting machines operate in 

derated thermal conditions, in order to decrease burning 

possibility of a fire bars. This circumstance has a negative 

effect on power engineering efficiency of the chemical-

metallurgical roasting process [25]. Practically achieved 

decarbonization degree for iron ore raw materials makes 

10-30 % in the industrial conditions.

To reveal the causes of insufficient power engineering 

efficiency of the chemical-metallurgical roasting process, 

the qualitative analysis of the thermal conditions in roasted 

layer of iron ore raw material is required. Conduction of 

such analysis is impossible on the base of the data of tech-

nological control which is provided for a roasting conveyor 

machine [26]. Additional data on distribution of heating 

gas temperature in different areas of dynamically dense 

layer and on a fire grate in different sections of a roasting 

machine are required. However, getting such information 

from movable dense layer of iron ore raw material with cross 

feed of heat carrier is connected with serious difficulties.

To implement examination of the operating roasting 

machines, the authors developed and manufactured the 

special measuring device, its structural scheme is presented 

on the Fig. 1. It includes 24 chromel-alumel thermocou-

ples, switching device (SD), block of forming the switching 

impulses (BFI) and multipoint automatic potentiometer 

(MAP). The scheme of positioning of sensors and SD in 

the dense layer of iron ore raw material, which is moving 

along the conveyor of a roasting machine is also presented 

in the Fig. 1. 

Fig. 1. Structural and functional scheme of the measuring device
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To protect from the effect of high temperatures, SD 

was placed in heat-resistant shell with boiling water jacket. 

Working junction points of six thermocouples were located 

in gas-permeable hoods. They were used for measuring the 

temperature of seeped heating gases in different layer lev-

els. The six remaining thermocouples were embossed in 

the pieces of fine-dispersed iron ore raw material with size 

30-40 mm in such way, that the working junction point is 

located in the center.

The results of probing of the temperature field for heat-

ing gas carrier and ore material in the dense layer at the 

conveyor of the operating roasting machine are presented 

on the Fig. 2.

The data of technological control of the roasting ma-

chine, which correspond to the experiment, as well as the 

results of chemical and granulometric analyses of iron ore 

raw material are displayed in the Tables 1-4. 

Examinations of the thermal procedure of the operat-

ing roasting machine testify on its essential deviations in 

comparison with the designed parameters.

The roasting procedure, which is close to the designed 

one in the results of simulation at a sintering pan, is pre-

sented on the Fig. 3 for comparison. 

More high heating speeds for upper layers and low tem-

peratures at a fire grate in the roasting machine (comparing 

with the designed parameters) are considered as substantial 

differences. Increased heating rate can be probably explained 

by partial gas suction from the area of high-temperature roasting. 

Insufficient heating of lower levels of the layer is stipulated by low 

gas seeping speed values in the roasting area – 0.095 m3/m2·s in 

comparison with the designed data 0.3-0.4 m3/m2·s.

Non-uniformity and stratification of the temperatures 

along the width of fire grate are caused by non-uniformity 

of heating gas carrier seeping due to segregation of iron ore 

raw material for its size during loading to the conveyor of 

the roasting machine. Examinations of the actual roasting 

machine show that the temperature of fire bars in the center 

of fire grate was equal to 220-240 ºС in the end of the roast-

ing area, while fire bars located near sides (150 mm dis-

tance) were heated up to 600-670 ºС. It is explained by dif-

ferences in the iron ore raw material loading systems for the 

roasting machines. The modern machines are characterized 

by large angle of a loading runner, what promotes material 

segregation along band width. Material pieces, which are 

more coarse and uniform in their fractions, are loaded near 

sides; as a result, the areas with low aerodynamic resistance 

are forming near grate edges. In addition, the layer thick-

ness near sides is not provided in these roasting machines. 

Comparative analysis of the experimental data and data 

based on technological control, which were obtained in this 

research, correlate well with the results of calculating ex-

periments for the temperature of iron ore raw material and 

heating gas carrier in the dynamic dense layer on the con-

veyor of the roasting machine, with cross feed of heating 

carrier, according to the mathematical model which was 

presented by the authors previously in the works [18, 27].

Conclusion

The conducted research of the thermal procedure for 

operating roasting machines and analysis of the obtained 

Fig. 2. Temperature distribution of gas ( ) and iron 
ore material ( ) on the conveyor of roasting 
machine  in the dense layer on different level of a fire grate: 
1 – 1 cm; 2 – 7 cm; 3 – 17 cm; 4 – 27 cm; 5 – 37 cm; 

6 – 45 cm
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Table 1. The results of analysis of iron ore raw material chemical composition

Chemical composition Fе2О3 SiO2 MgO CaO CO2 Other impurities

Before roasting, % 41.33 16.46 - - 11.17 31.04

After roasting, % 45.85 18,52 7.43 18.82 7.83 1.55

Table 2. The results of analysis of iron ore raw material fractional composition

Fractional composition, mm 0-10 10-25 25-50 50-70

Before roasting, % 12 41 38 9

After roasting, % 13 45 32 0



Preparation of Raw Materials CIS Iron and Steel Review — Vol. 26 (2023), pp. 4–11

15

Preparation of Raw Materials CIS Iron and Steel Review — Vol. 26 (2023), pp. 12–16

15

results of investigations of chemical-metallurgical roasting 

processes for iron ore raw materials on a fire grate allow to 

make the following main conclusions:

• low power engineering efficiency of chemical-metal-

lurgical roasting processes is stipulated by insufficient heat-

ing of lower layers of iron ore material, what is connected 

with insufficient amount of heating gases;

• realization of the designed roasting conditions for 

conveyor roasting machines also will not provide rather 

high power engineering efficient parameters;

• acceleration of calcination procedure is not accept-

able with the existing loading scheme, because it will lead 

to burning of firing bars on fire grate sides.

Search of the methods for increase of average temperature 

of raw material layer, which will not lead to overheating of a 

fire grate should be probably considered as the direction of 

improvement of roasting processes on a fire grate for iron ore 

raw materials. Another such direction is search of the methods 

for rise of power engineering efficiency for roasting chemical-

metallurgical processes, which take into account the featured 

of processed iron ore materials.

Technological conditions of decarbonizing roasting of 

iron ore raw material on a fire grate are determined by the 

temperature of heating gas carrier at the layer entrance Тgi 

and its feeding speed Vgi, for each separate vacuum chamber 

with number i.

The average (by layer loading height) raw material 

temperature T ������can be considered as an optimality 

criterion of the chemical-metallurgical roasting process. 

The price of finished product during thermal preparation 

is usually forming on the expense of specific consumption 

of energy carriers S=Qel·Sel+Qheat·Sheat, and we can take 

into account exceeding of electric power price Sel compar-

ing with heating power price Sheat. In current conditions of 

production and economy, the roasting procedure, when the 

required quality of finished roasted iron ore raw material is 

achieved with minimal cost of power expenses, is consid-

ered as an optimal one.

The problem of optimization at the i-th step (for sepa-

rate vacuum chamber with number i) can be formulated 

in such way: to find such values of the vector of manag-

ing parameters (Тgi, Wgi), in order to provide maximal and 

minimal values of T  and S parameters for the following 

restrictions: managing parameters speed Wgi�WgMAX and 

heat carrier temperature Tgi�TgMAX (at the layer entrance) 

and Tghi�TghMAX (at the layer exit), as well as heating speed  

�Tm/��� �� 	1Tm
MAX and material temperature gradient  

�Tm/�x���	2Tm
MAX - in order to prevent overheating of firing 

bars (owing to the technical features of the unit).

To search the optimal procedure, the functional  

Ф = 
1T �– 
2S�should be examined. The coefficients 
1 

and 
2 will provide ordering of criteria within the dual-cri-

teria task of lexicographic optimization. To solve the preset 

problem of conditional optimization, different computer 

methods and specialized software packages can be applied. 

However, it should be taken into account that restrictions 

for the managing parameters (speed 0�Wgi�WgMAX and heat 

carrier temperature at the layer entrance 273�Tgi�TgMAX) are 

the most strict because they provide mathematically cor-

rect and physically implementable solving the optimization 

problem. 

Table 3. Consumption of natural gas and air for burning based on the data of technological control

Consumption, nm3/h 1st burner 2nd burner 3rd burner

Natural gas 200 600 440

Primary air 2,700 7,600 3,200

Secondary air 2,100 1,800 370

Table 4. Temperature from the sensors based on the data of technological control

No. of sensor 104 105 106 107 108 109 120 121 122

Temperature, ºС 936 1065 1060 840 945 985 200 220 240

No. of sensor 123 114 115 116 113 125 126 127 128

Temperature, ºС 305 88 220 492 65 434 256 216 265

Fig. 3. Gas temperature distribution in a sintering pan 
(experimental unit):
1 – 1 cm; 2 – 7 cm; 3 – 17 cm; 4 – 27 cm; 5 – 37 cm; 

6 – 45 cm
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Based on the results of the theoretical and experimental 

researches, which were carried out by the authors, the comput-

erized model for optimization of multi-stage chemical-metal-

lurgical process of iron ore raw material roasting on a fire grate 

of the conveyor roasting machine was built. It is characterized 

by taking into account appearances of internal heat transfer 

and heat absorption during dissociation of carbonates.

The obtained optimal thermal and aerodynamic pro-

cedure for roasting of iron ore raw material in the dense 

layer on the roasting machine forms attenuating heat wave, 

which intensifies thermally activated roasting chemical-

metallurgical processes. It provides decrease of fuel con-

sumption appr. by 1.2 t of conditional fuel per t of finished 

products, lowering of return part, improvement of quality 

of finished product.

Multiple calculating experiments for determination of 

the values of procedure parameters for complicated multi-

stage roasting chemical-metallurgical process of iron ore 

raw material at different technological characteristics of 

initial ore raw material and heating gas carrier were con-

ducted. They allowed to determine influence of thermally 

activated endothermic dissociation reactions of carbonates 

on quality of roasted iron ore raw material. 

 

This study was performed within the framework of the 
state assignment, project namber FSWF-2023-00.
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