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Abstract: Due to the specifics of marl clays, research to date has shown the need to stabilize these clays with respect to their critical melting 

point. The research is based on a previous analysis of pure raw material from marl clay, located in the area of the village of Lovets, which is 

modified by various additives. On the one hand, the modification is used to stabilize the ceramic mass and on the other hand, by adding 

various agents, the aim is to lighten the composition and obtain the required color pattern. For the purposes of production, the experimental 

part includes laboratory development of a scale model of yellow paving stone. The development presents the entire process of creating 

instrumental equipment – model making and matrix construction, and molding of finished products - pressing process for paving stones 

productionfrom modified marl clay. The technological cycle that can be implemented in the real conditions for yellow paving stones 

production will rely on the present study. 
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1. Introduction 

The production of yellow paving stones is associated with a 

laborious and complex cycle in terms of both the technological 

process and the raw material. This is mainly due that the finished 

products have to meet specific physical and mechanical parameters.  

These requirements should be corresponded to the European 

standard EN 1344: 2013, which has the status of BDS from 2014-

03-17. Requirements include indicators such as compressive 

strength, bending strength, high wear resistance, abrasion 

resistance, slip/skid resistance, transverse breaking load, minimum 

unit value, freeze/thaw resistance, high density, and low water 

absorption of the composition used, and last but not least color 

characteristics [6]. Studies show that marl clays are able to meet 

these parameters, but due to their chemical composition, they need 

to be modified with additives in order to increase their melting point 

and stabilize the glass phase at the final temperature. However, 

there are not many deposits in Bulgaria that meet these conditions 

and are available not only for experimental research but also for 

production purposes. Research so far shows that a suitable quarry is 

located in the Popovo region, but due to the cessation of production 

in the region, access to the field is limited [7]. Its necessitated new 

studies of suitable marl clay, which was studied as a raw material 

from the area of the village of Lovets, Shumen district. The 

analyzes showed appropriate results for the development of the 

material by the addition of modifying agents. Due to the indicators 

of the mass used, the development includes a laboratory 

technological process in the production of reduced yellow pavers. 

This covers the entire production cycle from the quarry to the final 

product, on the basis of which an adequate and analogous structural 

process for the production of exterior paving from yellow pavers 

will be created. The technological development includes the 

production of a model - gypsum prototype of paving stone in scale 

1: 2 with dimensions 117 x 61 x 46 mm .; production of a matrix 

form for pressing ceramic pavers - construction of a metal frame 

with a mold of polymer-modified gypsum mixture [8]; preparation 

and processing of modified semi-dry marl clay - grinding, mixing, 

extrusion and vacuuming of the raw material with the addition of 

fireclay, kaolin К2, glass, ZrO2, and ZnO; molding of ceramic 

pavers - pressing production of semi-dry ceramic mass; drying and 

firing of the formed pavers - modes of drying, heating and 

temperature synthesis with isothermal retention in several main 

temperature processes [2-3]. 

2. Experiments 

The research part presents an experimental complete process for 

the production of scaled ceramic products for exterior flooring - 

yellow pavers, from quarry to finished synthesized product. The 

production cycle begins with the preparation of raw materials and 

obtaining the necessary plasticity of the mass for pressing ceramic 

pavers. The main components are fireclay from fired marl, clay, and 

kaolin as the plasticity of the mass is determined by the ratio of 

fireclay fraction to clay substance, and residual moisture in the mass 

after extrusion is 20-25%. A scheme of the production process from 

mass preparation to temperature synthesis is presented in fig. 1. The 

experimental part develops the already studied indicators of marl 

clay from the village of Lovets, presented at the VI International 

Scientific Conference Industry 4.0, held from 08 to 11.12.2021. 

According to the obtained data, the studied marl clay is from group 

III (acidic) with content below 15% Al2O3 high carbonate, the 

content of alkaline earth oxides over 17 - 18% and high content 

over 3% Fe2O3. The total amount of alkaline earth oxides is 21.82% 

by weight, according to the classification of Sitin, which 

characterizes it with a relatively narrow sintering interval. 

Therefore, it was necessary to modify the marl we used in order to 

stabilize the material at the final temperature. Table 1 shows the 

chemical analysis of a sample, which in X-ray phase analysis gives 

suitable peturgical phases anorthite CaAl2Si2O3 and diopside 

MgCaSi2O6, which is presentedinFigure 2 [1,4,5].  

 

Fig. 1. Scheme of technological process for the production of 

reduced ceramic blocks for external flooring from mass preparation 

to the synthesis of the finished product. 
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Table 1. Quantitative analysis of the content of oxides in a 

synthesized sample of marl clay from the village of Lovets. 

 

Composition Quantity% 

Na2O 0.7 

MgO 2.24 

Al2O3 11.36 

SiO2 35.19 

P2O5 0.1 

K2O 2 

CaO 19.58 

TiO2 0.47 

MnO 0.11 

Fe2O3 4.85 

LOI 23.21 

 99.82 

Cu 0.06 

Zn 0.073 

Sr 0.053 

 

 

Fig. 2. XRD of the sample synthesized at 1140ᵒC with the presence 

of peturgical phases anorthite and diopside. 

 

To modify and stabilize the ceramic mass is experimented with 

test specimens in different proportions of fireclay and clay, as well 

as brightening additives presented in the table. 2. The best 

indicators presented correspond to sample XIX in the ratio by 

weight of clay - fireclay 30% - 60% and the addition of kaolin 10%. 

The reduction of the fireclay fraction increases the plasticity of the 

mass, which makes it suitable for the molding process – pressing 

process. The residual humidity after the vacuum extruder is 20-

25%. The addition of kaolin stabilizes the liquid phase and 

brightens the mass to obtain a color corresponding to the pattern. 

The X-ray phase analysis of the synthesized sample shows the 

presence of peturgical phases (Fig. 1) 

asthetemperatureregimeisconsistentwith DTA andispresentedin the 

table. 3 [7]. 

Table 2.The percentage ratio of clay - fireclay and modifying 

additives of marl clay from the Alexandra quarry, the village of 

Lovets. 

№ Fire

clay 

Marl ZrO2 ZnO SiO2 Al2O32SiO22H2O 

II 55 40 5 - - - 

III 55 40 - 5 - - 

VI 50 40 5 - 5 - 

VII 50 40 - 5 5 - 

XIII 35 55 - - 10 - 

XIV 35 60 - - 5 - 

XIX 30 60 - - - 10 

XX 30 55 - - - 15 

 

 

Table 3.Temperature regime for synthesizing ceramic blocks with 

temperature retention at several points. 

Temperature 

ᵒС 

Retention in min. 

150 60 

650 60 

840 180 

1140 180 

 

Thetechnologicalprocessforobtaining 

formforpressingceramicblocksincludes a modelmaking and an 

author'sapplieddevelopment of two-partmatrixconstruction making, 

whichrepresents a metalframeand a gypsummold. The model is 

made ona scale of 1 to 2 compared to the original ceramic block and 

shown in figure 3, figure 4 presents a scheme of the matrix 

structure. 

 

 

 

Fig. 3. Gypsum model of a reduced block for outdoor flooring on a 

scale of 1:2 compared to the original paving block - yellow paving 

stone. 
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Fig. 4. Scheme of the matrix construction for pressing process of 

reduced ceramic blocks for paving. 

The gypsum model is made with an expansion of 14% 

compared to the compressibility of thesemi-dry mass used so that 

after the temperature synthesis the ceramic block retains its scale 

ratio to the original one. Once the model is ready, the construction 

of the matrix is started tomake. The first stage includes the 

production of metal frames according to the pressing facility used: 

Russian hydraulic press П-125is used. Each of the two metal frames 

has an enclosed area in the middle where the model is put and the 

gypsum mold will be cast, and each part of the mold is cast 

consequently. Metal frames include: clamping elements that fix 

each structural part (metal frame + gypsummold) to the working 

plates of the press (note 7. Fig. 4); fixing guides of the two metal 

frames (note 5. Fig. 4.); spacer distance, which provide the 

necessary distance and centering between the working surfaces of 

the matrix (note 6. Fig. 4.); openings with mounted nozzle for the 

supply of compressed air in order to form microscopic capillaries in 

the gypsum structure, which helps faster and easier separation of the 

molded product from the matrix (note 4. Fig. 4). Each structural part 

contains a gypsum form - a mold (note 2. Fig. 4.) and a form-

forming space (note 3. Fig. 4.). Thegypsumcompositionusedis a 

polymermodifiedmixtureKERADUR 

S4Pintheratioofpartsbyweightofgypsumtowater 3 to 1 [8]. The 

volume of the required amount of gypsum powder and water is 

calculated by the formula: 

 
                                          

 
 

X2=X1.3 

where x1 is the required amount of water in liters; x2 is the 

required amount of gypsum in kg, v is the volume of the mold 

forming space. 

The liquid solution of the polymer-modified gypsum mixture is 

beinghomogenized by continuous mechanical stirring until 

complete dissolution of the polymerizing agent in the order of 20 to 

30 minutes. The formation of capillaries in the cast by supplying 

compressed air begins when the gypsum is heated to a temperature 

of 37 ° C. The air supply starts at 0.5 bar/min to 3 atmospheres, then 

the supply increases by 0.5 bar / 30 sec to 5 atmospheres. The 

retention during the continuous supply of 5 atmospheres of 

compressed air holds to a total time of 40 minutes.During that time 

the maximum water content in the gypsum moldwas evaporatedand 

the formation of the capillary principle was obtained. The whole 

production process for the matrix construction is presented in fig. 5. 

 

Fig. 5. Technological process in the production of a matrix 

structure for pressing ceramic products –reduced paving stones 

from semi-dry modified marl clay. 

 

3. Conclusion  

The experimental development shows very good results both in 

terms of the technological process and in terms of indicators of the 

marl clay used. In summary, the results of the present study can be 

defined as comprehensive coverage of all stages of the production 

cycle - from mass preparation to temperature synthesis of the final 

product. This allows control at each stage of the process, which 

should be used in the production of real-sized blocks for paving 

pavement through the already developed technological principle. 

The performed analyzes will be used for the implementation of the 

technologicalframeworkinproduction. 
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