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Abstract. The process of efficient use of the heat of red-hot coke in order to obtain the an-
nealed concentrate of siderite ore in the coke dry quenching plant, with the allocation of the
zone of preliminary technological heat treatment (ZPTO) of siderite ore, is proposed and inves-
tigated. Thermodynamic analysis was carried out, in which the shares of heat of incandescent
coke consumed for the implementation of the processes of heating and decomposition of
FeCO3MgCOs with the processes of the bell-Boudoir reaction at 490°C and 650°C, respective-
ly, were determined. The thermodynamic analysis resulted in the construction of a temperature-
thermal graph of carbon monoxide cooling in the preheating zone, the heat of which is used to
preheat the material to the decomposition temperature of 490°C and a graph of coke cooling in
the main zone of material processing (ZMTO) - the zone of the forkamera of the coke dry
quenching plant. A comparative table of the mass flow rates of coke and sideriteplezite ore is
presented.

1. Introduction
The heat of hot coke is a valuable high-potential secondary energy resource.

The use and utilization of hot coke heat is an actual task of coke chemical enterprises from the
point of view of both energy saving and environmental protection [1-7].

Efficient use of secondary energy resources allows to replace purchased fuel energy resources,
which significantly reduces the energy intensity and cost of production.

For example, the current method of dry quenching in modern coke dry quenching plants, in which
coke is cooled by gases, allows to utilize 80 % of the heat carried away by coke from the furnaces, or
40 % of the total heat spent on coking, while, from one ton of extinguished coke, it is possible to ob-
tain 400-500 kg of steam of high energy parameters [8, 9]. Coke, extinguished in this way, is charac-
terized by high strength and less cracking, compared with the wet method of extinguishing it.

Studies have previously determined that it is expedient to allocate a high-temperature area in the
dry coke quenching plant, in which it is possible to carry out thermal treatment of various solid pro-
cess materials [10, 11].

The aim of the work is to find and apply the most effective process of using the heat of hot coke,
with the use of sideritoplesite ore in the high-temperature area of the coke dry quenching plant
(CDQP), with the possibility of obtaining a larger amount of fired concentrate of siderite ore, which is
valuable in the conditions of modern industrial production.
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2. Materials and Methods
For this purpose, in the thermal scheme it was expedient to allocate a new preliminary area, with the
delimitation of the zones of the main and preliminary heat treatment of the process material.

As a source of heat in the preliminary zone, carbon monoxide released from the main high-
temperature region was considered at its initial temperature of 1200°C.

The analysis was performed for thermodynamically ideal conditions and processes. Calculations
have established that for the full heat treatment of 1 kg of sideritoplesite ore on the heat of hot coke
only in the high-temperature region, when it is cooled from 1200°C to 740°C, about 2325 kJ/kg of ore
is consumed, while the composition of sideritoplesite ore with a fraction of FeCO3; and MgCO; of
73.36% and 22.8%, respectively, was taken into account [5].

Heat consumption of sideritoplesite ore in high temperature area of coke dry quenching plant

1200 4
My '.[740 ¢ (Ddt= ZQ.
i-1 (1)
where i=1,2...n -the number of elementary areas of heat consumption during the heat treatment of si-
derite ore in the decomposition processes of FeCO3; and MgCQOs, ore heating from 490°C to 650°C,
bell-Boudoir reactions at 490°C [13-15] and 650°C [13-15] and ore overheating from 650°C to 740°C.

In the study of thermal treatment of siderite ore, it was revealed that in the decomposition of iron
carbonate and magnesium carbonate at 490°C and 650°C, about 0.153 m? of carbon dioxide is re-
leased, followed by their reduction to CO, when interacting with coke carbon by the bell-Boudoir re-
action equation, in the volume of 0.307 m’/kg of ore at a temperature of 1200°C, the temperature po-
tential of which is used for preheating siderite ore.

For a more complete visualization of heat consumption in the process of heat treatment of the mate-
rial in the zones of preliminary and primary technological operations, a temperature-thermal diagram
of the cooling of hot coke and heating of 1 kg of ore was constructed, presented in (Figure 1). The
figure shows the individual areas in which the heat of coke is spent on the following reactions: 1-the
heat of hot coke, spent on the implementation of the reaction of heating carbon monoxide in the coun-
terflow from 490°C to 1200°C when cooling coke from 1200°C to 740°C; 2-the heat spent on the reac-
tion of Bella - Boudoir, at a temperature of 490C; 3 - the heat spent on the reaction of decomposition
of iron carbonate ( FeCOs ) at 490°C; 4 - the heat, spent on reheating the ore from 490°C to 650°C; 5-
heat spent on reheating carbon monoxide in the counterflow from 650°C to 1200°C; 6-the heat ex-
pended on the Bella-Boudoir reaction at 650°C; 7-the heat expended on the decomposition reaction of
magnesium carbonate (MgCOs ) at 650°C; 8-the heat expended on reheating the ore from 650°C to
740°C.

The preliminary heating region of siderite ore - zone I, carried out on the physical heat of carbon
monoxide when it is cooled from 1200 °C to 20 °C, where 0 is the cooling of carbon monoxide, was
also investigated. The study was carried out for 1 kg of siderite ore.

From the analysis it also follows that when cooling coke from 1200°C to 740°C and heat treatment
of 1 kg of siderite ore, the bulk of the heat of hot coke in the high-temperature region (forkamera zone)
is spent on the Bell-Boudoir reaction processes at 490°C and 650°C, consuming 30% and 20% respec-
tively of the total heat of hot coke, which is determined by the ore composition; about 12% and 14%
of the heat of hot coke is spent on the decomposition reaction of magnesium carbonate, iron carbonate
in the process of heat treatment and the minimum amount of heat is spent on the site of overheating of
the ore from 650°C to 740°C-3% of the total heat of coke and about 6% of heat-on the process of
overheating the ore from 490°C to 650°C. No less costly are the processes of heating carbon monoxide
from 490°C and 650°C, which is 10% and 5% of the total heat consumption, when cooling coke. The
data on the percentages of the consumed heat of hot coke during the heat treatment of 1 kg of sider-
itoplesite ore are presented in detail by the diagram on (Figure 2).
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Figure 1. Temperature-thermal graph of coke cooling and heating of 1 kg of sider-
ite ore in (ZPTO) and (ZOTO) process material, where I-preliminary region of si-
derite ore heating on the physical heat of carbon monoxide, II-high-temperature
region of heating and decomposition of process material in the zone of coke dry
quenching unit forkamera.
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Figure 2. The structure of the consumed heat of hot coke in the processes of heat treatment of
siderite ore in the main technological zone (ZMTO).
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The calculations also determined that when cooling 1 kg of hot coke from 1200°C to 740°C in the
high-temperature region and cooling carbon monoxide from 1200°C to 20°C in the preliminary heat-
ing region, it is possible to carry out a total heat treatment of the process material in the amount of
0.296 kg, taking into account the specific heat consumption per 1 kg of the incoming flow of hot coke.
At the same time, the total heat consumption of sideritoplesite ore will be 884.2 kl/kg of coke. The
display of these processes, with the cost of heat for the main processing zones are presented in figure 3.
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Figure 3. Temperature-thermal graph of cooling of 1 kg of coke and heating of
0.296 kg of siderite ore in (ZPTO) and (ZOTO), where I - preliminary area of
heating of siderite ore on physical heat of carbon monoxide, II-high-temperature
area of heating and decomposition of process material in the zone of forkamera of
coke dry quenching plant.

The heat consumption of the process material, taking into account its specific consumption per 1 kg
of annealed concentrate of sideritoplesite ore, will be 852.7 kJ / kg of concentrate, shown in figure 4.

The construction of the proposed thermal scheme of heat use, given to 1 kg of siderite ore and pre-
sented in figure 5, was a reflection of the above processes carried out during the heat treatment of ore
with the cost of material resources.

This scheme involves the loading of cold siderite ore at a temperature of 20°C into the zone of pre-
liminary technological operation in the amount of 1 kg. Preheating of the process material is carried
out on the heat of carbon monoxide in the amount of 0.384 kg/kg of ore, at its initial temperature of
1200°C. Partially fired and heated to 490°C ore enters from the preliminary area into the zone of the
main technological operation, where the heat of coke, when it is cooled from 1200°C to 740°C, com-
plete thermal treatment of the ore from 490°C to 740°C.

At the exit from the scheme, according to the results of the process of dry quenching of coke in the
zones of the main and preliminary technological operations, a mixture of coke weighing 3,301 kg/ kg
of ore and a mixture of annealed concentrate of siderite ore in the amount of 0.602 kg/kg of ore, the
mass of the total mixture in this case is 3,903 kg.
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Figure 4 Temperature-thermal graph of coke cooling and siderite ore heating in the zones of
preliminary and main technological processing, taking into account the specific ore flow rate
per 1 kg of burnt siderite ore concentrate, where [-preliminary area of siderite ore heating on
the physical heat of carbon monoxide, II-high-temperature area of heating and decomposi-
tion of the process material in the forkamera zone.
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Figure 5. Thermal scheme of coke dry quenching process.
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The results of thermodynamic analysis during the heat treatment of sideritoplesite ore in the zones
of preliminary and main technological operations were summarized and presented in table 1.

Table 1. Heat treatment of 1 kg of siderite ore in (ZPTO) and (ZMTO).

Sections of the thermal Required heat, Coke consump- The mass of ore, The decrease in  The mass of
processing of ore Kj /kg of ore  tion/ kg of ore kg the mass of ore, CO, kg

kg

Area of preliminary technological operation: area |
0. Heating of ore with

613.819 - 1 - 0.384
CO gas
Result area | 613.819 - 1 - 0.384

Zone of the main technological operation: area Il

1. Decomposition at
490° C 331.286 0.524 1 - -
2. Bell-Boudoir reac-
tion at 490 °C 707.677 0.828 0.817 0.182 -
3. Heating CO from
490 °C 236.204 0.373 0.817 - 0.232
4. Ore heating from
490 °C to 650 °C 137.327 0.217 0.817 - -
5. Decomposition at
650 °C 273.691 0.433 0.817 - -
6.Bell-Boudoir reaction
At 650 °C 459.746 0.727 0.698 0.119 -
Zéco heating from 650 ) 97 0.193 0.698 ] 0.152
8. Ore overheating
from 650 °C 10 740 °C 56.919 0.09 0.698 - -
Result area | 2325 3.384 0.698 0.301 0.384
Result 2938.586 3.384 1 0.301 0.384

3. Results
According to the results of the calculations. it follows that for the full heat treatment of 1 kg of siderite
ore in the high-temperature region (ZMTO). it is possible to cool 3.384 kg of hot coke from 1200°C to
740°C. while for the heat treatment of the process material. the heat of hot coke 2325 kJ/kg of ore is
required.

In the pre-processing zone. when the ore is heated from 20°C to 490°C and partially fired at 490°C.
614 kl/kg of ore will be spent. while the total heat consumption of sideritoplesite ore. taking into ac-
count the preliminary and main technological zones. will be about 2938.6 kl/kg of ore.

4. Conclusion
Thus. it follows from the analysis that the proposed method of cooling coke with the allocation of the
preliminary area of heat treatment of the process material. which involves the implementation of pre-
heating sideritoplesite ore on the physical heat of carbon monoxide with subsequent heat treatment of
the ore in the high-temperature zone on the heat of hot coke will produce 0.178 kg of the finished fired
concentrate of siderite ore. spending 0.296 kg of siderite ore per kilogram of hot coke. In the process
of heat treatment of the process material will be achieved coke burnout in 2.43%.

The proposed process of using the heat of incandescent coke allows to obtain a valuable material
resource (annealed concentrate of siderite ore) and cooled carbon monoxide. with its further possible
use in the scheme with a preliminary area of heat treatment of the process material. The resulting re-



IV International Scientific and Technical Conference “Energy Systems” IOP Publishing

IOP Conf. Series: Materials Science and Engineering 791 (2020) 012010 doi:10.1088/1757-899X/791/1/012010

source-cooled carbon monoxide opens up new possibilities for use in schemes of its complete after-
burning. which thus allows to solve the problem of complete utilization of carbon monoxide.
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