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Introduction 
Portland cement is widely used as the main 
material in modern construction. Foundations 
and floors, roofing tiles and lifting devices, 
various reinforced concrete and reinforced 
concrete products, asbestos-cement products, 
etc. are obtained from it. Cement is a mineral 
powder that is first mixed with water or a 
liquid, plasticized, formed into a slurry, and 
turns into a hard stony rock over time [1-7]. 
The strength of buildings and structures 
depends greatly on the technological processes 
of baking cement clinker. A mixture made of 
natural limestone and soil (slurry in the wet 
method, raw flour in the dry method) is baked 
at a high temperature. During the cooking 
process, the chemical elements in the raw 
materials enter into mutual chemical reactions 
that take place in a certain sequence under the 
influence of heat, and as a result, a cement 
clinker is formed [8-13]. 
 
The purpose of the study. A high-quality 
clinker firing in rotary kilns study factors. 
Figure 1 shows the temperature change of the 

material and gases along the length of the 
rotary kiln. There is a temperature difference 
between the oppositely moving material and 
heating gases at each point along the length of 
the kiln, and this difference is the driving force 
of the process. serves as strength. 
 
Methodology 
Baking of cement clinker is done in rotary kilns. 
In addition to the advantages of rotary kilns, 
such as compliance with standard 
requirements for clinker sizes, high strength, 
and ample opportunity for free cooking inside 
the kiln, the baking process is difficult due to 
the lack of expansion in the composition of the 
clay-soil compound, and the materials do not 
stick to each other. has disadvantages such as 
In order to eliminate these shortcomings, it is 
necessary to pay attention to the installation 
and assembly of the furnace, and the efficient 
and economical use of gas fuel. Furnaces work 
on the principle opposite to the flow of raw 
materials [14-19]. Filling the furnace with the 
material is 7-15%. 20-90 horsepower is 
required to operate the furnace. The furnace is 
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installed at a slope of 2-5 degrees relative to 
the horizon [20-27]. The oven drum rotates at a 
speed of 0.5-1.3 times per minute. A cooler is 
installed in the lower part of the oven. The 
cooler reduces the temperature of the clinker 
leaving the furnace from 900 ℃ to 50-80 ℃. 
The raw material from the upper end of the 
furnace moves towards the lower end due to 
the tilting and rotation of the furnace, and the 
opposing gases (generated by the combustion 
of fuel) give their heat to the raw material. 
 

 
Picture 1. Temperatures of material and 

gases inside the furnace. 
 
In the process of heating raw materials, the 
following physical and chemical changes occur: 
1) Physically bound water in the raw material 
evaporates when heated to 150℃. 
2) When heated to 150 ÷ 750 ℃, the molecular-
bound water in the raw material is released. 
3) When heated to 750 ÷ 1050 ℃, the 
decarbonization reaction takes place and 
calcium oxide is formed in the raw materials: 

3 2    Ca SO SaO SO→ +   (1) 

At the same time, SiO2 and Al2O3 are separated 
in the soil here in pure form and the following 
chemical reactions take place: 

2 2       · CaO SiO CaO SiO+ =  (2) 

2 3 2 3        · CaO Al O CaO Al O+ =  (3) 

2 3 2 3        · CaO Fe O CaO Fe O+ =  (4) 

4) When raw materials are heated to 
1050÷1300 ℃, the following exothermic 
chemical reactions take place in sequence: 

2 22     ·    2 · CaO CaO SiO CaO SiO+ =  (5) 

2 3 2 32     ·     3  · CaO CaO Al O CaO Al O+ =  (6) 

2 3 2 33      ·    4  · CaO CaO Fe O CaO Fe O+ =  (7) 

5) When the raw material is heated to 1300 ÷ 
1450 ℃, the product partially melts, that is, it 
ripens. The main component of Portland 
cement clinker is tricalcium silicate 

23 · CaO SiO
 is considered and it must be in the 

form of well-formed average crystals in the 
clinker, which is done at the expense of rapid 
burning and rapid cooling of the clinker [28-
35]. 
6) As the material cools from 1450 ℃ to 1000 
℃, the solution crystallizes. Cooling of clinker 
to temperatures below 1000 ℃ is done in grid 
coolers. 
 
Results 
We have conducted research on the economical 
use of gas fuel in cooking clinker raw materials. 
The experimental setup and the measured 
points are shown in Figure 1.2. 
The cooking time of clinker in rotary kilns is 
35-40 minutes, and during the first 18-20 
minutes, 1050-1300 ℃ heated to a 
temperature of 1400÷1450 for 2-4 minutes℃is 
increased to, cook at this temperature for 
10÷12 minutes, then in 2-3 minutes at 1000-
900 ℃ cooled to In order to prevent the 
granules from sticking to each other and to the 
lining inside the furnace, the maximum 
temperature during expansion is 1450 ℃ not 
exceeding, the temperature range of expansion 
is 50÷70 ℃ should not be less than 
High-quality clinker in furnaces depends on the 
order of firing, cooling processes, granule 
composition and gas conditions. 
Thermal treatment of granule raw materials 
also depends on the condition of gases in the 
furnace. 
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Fig. 2. Dimensional drawing of a clinker kiln 
 

Points measured during the experiment. 
A-pressure of the gas coming to the gas burner; 
B-clinker production capacity of the furnace; 
V-reduction of heating gas along the furnace; 
G-the temperature of the heating gas leaving 
the furnace. 
1-rotary clinker kiln; 
2-transfer of pellets to the furnace; 
3-gas lane; 
4- smoke outlet pipe; 
5-the lower part of the oven; 
6-gas burner; 
7-cooling drum. 
The amount of heating gas and air supplied to 
the drum furnace under pressure moves 
towards the centerless part of the furnace 
during its operation. Depending on the 
temperature change, rotary kilns can be 
conditionally divided into the following 
intermediate areas: 
1. In the heating intermediate area, the raw 
material is heated to 150 ℃. 
2. Construction intermediate area or gas 
temperature 150÷750 ℃ and the temperature 
of the material is 40÷240 ℃ moisture 
separation in the limit. The length of the 
construction interval is 25÷36% of the total 
length of the furnace, depending on the time 
required for the porosity, moisture and 
expansion of the granule raw material. 
3. Decarbonization process area. In this case, 
the gas temperature is 1050÷1250 ℃ and the 
temperature of the material is within the limit 

of 240÷880. In the process of heating the 
material, heat is transferred from the heating 
gas to the material being heated. The length of 
the heating area is 20÷32% of the total length 
of the oven. 
4. Area of clinker cooking process. In this 
process, the gas temperature in the oven is 
1300-1450 ℃ and the temperature of the 
material is 880-1160 ℃ is, and in this case, the 
gas release continues from the expansion of the 
clinker granule being baked. The intermediate 
area of the cooking process is 15-20% of the 
total length of the oven. 
5. The initial cooling process of baked clinker 
corresponds to the arrival process of the 
secondary air brought to the furnace. In this 
intermediate area, the oxidation of various iron 
compounds on the surface of the granule has a 
brown and red appearance. The temperature 
during cooling of the granule is 1000÷1050 ℃ 
decreases to The intermediate area of the 
cooling process does not exceed 5% of the total 
length of the furnace. 
 
Conclusion 
- for the formation of cement clinker, a mixture 
with a certain chemical composition must be 
heat treated according to technological 
regulations; 
- trimolecular calcium silicate (allite) is 
considered a chemically active mineral, which 
has a decisive effect on the strength and 
hardening speed of cement; 
- alite has the property of quick hardening and 
high strength, therefore, its increased amount 
in the cement ensures the production of the 
same clinkered high-quality portland cement; 
- two molecules of calcium silicate (belite) 
dissolved in water harden slowly in the initial 
period and release heat. During the first month, 
the solidification strength will not be very high, 
but under favourable conditions, the strength 
will continuously increase for several years; 
- trimolecular calcium aluminate has a high 
chemical activity, releases a large amount of 
heat of hydration during the first solidification 
period, and solidifies quickly. 
- four molecules of calcium aluminoferrite emit 
moderate heat, it solidifies more slowly than 
alite, but more quickly than belite. The 
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consistency of the products it hydrates is 
slightly lower than that of alite. 
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