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Abstract. This article discusses the problems of creating new 
compositions for ceramic tiles. There are two ways to process the 
composition of the molding material - dry and wet. A description of the 
wet processing method is given. The molding of the plastic mass is carried 
out by pressing to obtain a tile with a size of 50 x 150 mm. The molded 
product goes through the following stages of the technological regime: 
blowing in a drying stove with an increase in temperature from 25 °C to 
700 °C for 3-4 hours. Further, at a speed of 15-20 degrees per minute, the 
temperature rises to 1050 0C and then the heat treatment continues for 30 
minutes. After annealing, the product is cooled and tested. 

1 Introduction 
Various sectors of the national economy use ceramic products - bricks, tiles for wall and 
floor cladding, sanitary and technical ceramics. 

One of the most important stages for the formation of ceramics is the initial composition 
and mass of the materials processed by various methods. The main processing methods are 
dry and wet. Due to the high energy consumption, the wet method is more expensive but 
gives better results [1]. 

Various minerals can be used in the line mass. For example, according to the 
requirements of GOST (GOST R 56828.20-2017 Best available technologies. Production of 
ceramic tiles. Aspects of increasing energy and environmental efficiency), for the 
production of ceramic tiles, a composition that includes clay to ensure the plasticity of the 
molding mass, quartz sand, which forms the structure and the skeleton of the product is 
used, as well as feldspars and carbonates, which impart viscosity to the product and a glassy 
surface [2, 3]. 

2 Material and research methods 
The composition of the molding material considered in this article differs from the standard 
one in respect that the molding material composition for ceramic tiles, including bentonite 
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clay, calcium silicate, aluminum potassium sulphate and calcium oxide in the following 
ratios of components (wt%)  

Bentonite clay 35-50 
Calcium silicate 25-30 

Aluminum potassium sulphate 15-20 
Calcium oxide 10-15 

In the manufacture of facing tiles, the molding of products was carried out in a plastic 
way. The clay was crushed and mixed in a mixer with the pre-crushed remaining 
components in the calculated mass ratios. The mixture has acquired the appearance of a 
homogeneous plastic mass [4, 5]. 

The molding of the plastic mass is carried out by pressing to obtain a tile with a size of 
50 x 150 mm. 

3 Research results and their discussion. 
Shaped product - tiles - in a drying plant at an initial temperature 25 0С are blown with air 
with a gradual increase in temperature to 700 0С within 3-4 hours. At the same time, 
moisture forms on the surface of the semi-finished product, which quickly evaporates and is 
removed by the ventilation system. In addition, by this time, complete desulfurization of 
aluminum potassium sulphate is achieved [6, 7]. 

Alum-aluminum potassium sulphate is converted into aluminum oxide as a result of 
stepwise thermal dissociation (1). 

K2SO4·Al2(SO4)3 →  K2SO4 + Al2O3 + 3SO2                    (1) 

  
Fig. 1. Kinetic curves of aluminum potassium sulphate dehydration at a temperature, 0С: 1 – 40; 2 – 
50; 3 – 60; 4 – 70; 5 -150; 6 – 200; 7 – 350.  

At a temperature 680-700 0С the kinetics of the desulfurization rate reaches its 
maximum value К=0.06 min-1 (Fig. 2)  

Dehydration 
percentage 

t, min 
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Fig. 2. Kinetic curve of desulfurization of aluminum potassium sulphate in an inert atmosphere 

As it can be seen from Figure 2, desulfurization rate starts increasing sharply already at 
a temperature 600 0С, reaching its maximum value at 700 0С. Further, the rate of 
desulfurization of aluminum potassium sulphate is reduced to a decrease, and complete 
desulfurization is achieved at a temperature 900 0С. Further heating of the system leads to 
insignificant (up to 6%) aluminate formation [8, 9]. 

After the desulfurization process at a speed of 15-20 degrees per minute, the 
temperature rises to 1050 0С and then heat treatment continues for 30 minutes. Under these 
conditions, a polymorphic transition of the metastable form of aluminum oxide to 
aluminum oxide occurs C – δ-Al2O3, with a strong oxidative-catalytic effect. 

Aluminum oxides are usually obtained by dehydration of aluminum hydroxide at a 
temperature 300 0С. At a temperature 500-600 0С metastable forms of various crystalline 
modifications are formed (γ-Al2O3, η-Al2O3, χ-Al2O3). The resulting metastable forms are 
fairly stable to heat treatment, without changing their crystalline modification, up to 800-
900 0С. With a further increase in temperature to 1100 0С received modifications γ-Al2O3, 
η-Al2O3, χ-Al2O3 pass, respectively, in the modifications δ-Al2O3, θ-Al2O3 and κ-Al2O3. At 
a temperature 1100-1200 0С all modifications go to α -Al2O3 [10, 11]. 

Alumina C contributes to the formation of a highly developed specific surface of the 
molded article and is a catalyst on the tile surface. In this case, a self-cleaning effect is 
created on the tile surface, the mechanism of which is that water flows under the dirt on the 
tile surface, washing it off, and in addition, when quanta are absorbed, a reaction occurs 
that splits the dirt on the tile. When absorbing quanta (ultraviolet radiation), it exhibits 
disinfecting properties [12]. 

Calcium oxide determines the finished molded material’s strength. 
Calcium oxide CaO is a white crystalline compound (GOST 8677-76). In terms of 

physical and chemical parameters, calcium oxide must comply with the standards specified 
in Table 1. 

Table 1. Physical and chemical parameters of calcium oxide 

Indicator name Norm 
Clean (c) RCP 26 1121 0351 06 

1. Mass fraction of calcium oxide (СаО), %, not 
less 96.0 

2. Mass fraction of calcium carbonate (СаСО3), %, 
no more 2.5 

T, ºC 

K, 1\min 
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3. Mass fraction of substances insoluble in 
hydrochloric acid, %, no more 0.02 

4. Mass fraction of total nitrogen (N), %, no more 0.06 
5. Mass fraction of sulfates (SO4), %, no more 0.05 
6. Mass fraction of chlorides (Сl), %, no more 0.010 
7. Mass fraction of iron (Fe), %, no more 0.02 
8. Mass fraction of heavy metals (Pb), %, no more 0.010 
9. Mass fraction of the sum of potassium and 
sodium (K + Na), %, no more Not standardized 

 
The content of calcium oxide in the molding material increases with the decomposition 

of calcium silicate - a source of silicon oxide in the general composition. [13] 
The work uses carbonate-palygorskite bentonite clay with a chemical composition 

(Table 2): 

Table 2. Chemical composition of bentonite carbonate-palygorskite clay 

Name SIO2 TIO2 Al2O3 Fe2O3 MgO CaO Na2O K2O P2O5 SO3 FeO H2O 

Carbonate-
palygorskite 
clay 

46.79 - 8.63 - 2.74 10.08 - 1.60 1.99 - 3.41 24.33 

4 Conclusion 
After ignition, the product is cooled and tested [14, 15]. 

After cooling, the tiles do not need to be coated with an oxide-ceramic coating, since the 
entire internal structure of the product is similar to the external one. 

The test results are shown in Table 3. 

Table 3. Results of testing ceramic tiles 
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angle of 

wetting with 
a drop of 

water with a 
volume 10 
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Specific 
surface in 
the range, 
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1 60  20  12 8  60.3 130.2 - 149 0 110 
2 50  25  15  10  63.7 155.1 - 142 0 120 

3 42  27  18  13  60.4 187.2 - 155 0 140 
4 35 30 20  15  62.4 149.6 0.1 130 0 113 
5 30 32 22 16 61.3 151.3 - 145 0 113 
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