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Abstract. The development deals with the study of the conditions for appearance of yellow color in ceramic products, obtained from 

local sedimentary marl rocks from the region of Popovo town, field of Targovishte. Reproduction of the conditions of high temperature 

liquid-phase synthesis of products such as pavings, tiles, etc., by modifying the composition of the marls. Expanding the sintering interval of 

rectifying the alkaline-earth oxide content and increasing the phase formation time. The researches are part of the creation and 

implementation of a technology for production of pavings with equivalent yellow color of the imported standards but with higher tribological 

and physic-mechanical indicators. 
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1. Introduction 

 

The famous „yellow paving stone” known in our country 

in the center of Sofia have a fine crystalline, dense structure close 

to that of the semi-porcelain. They were produced in the 

beginning of the last century in Hungary by marl clays. 

Sedimentary precipitate marble rocks [1-4] contain more fine 

fractions than brick clays. They are made up of evenly distributed 

carbonates and clay minerals - illite and kaolin formed under the 

existing conditions [5, 6]. The prerequisite for obtaining products 

corresponding to color and with better physical-mechanical and 

tribological indicators are marble clays with a certain chemical 

and grain-size composition. Preliminary laboratory and semi-

industrial experiments have been carried out so far to produce 

experimental samples of yellow colored paving bricks, equivalent 

in color, shape and size to original historical samples [7-11]. 

The purpose of this work is to examine and develop 

suitable formulation compositions and optimum heat treatment 

mode for prototyping of the so-called „yellow pavers” based on 

raw materials derived from concrete deposits on the territory of 

the country. From the studied sedimentary mercury deposits the 

most promising proved this to the village of Svetlen, Targovishte 

region. The same raw material is used for the production of 

building materials (bricks, etc.) in the company „home industry-

Popovo” Ltd. Popovo, Targovishte District. The study conducted 

a series of compositions with the participation of marl clays and 

technological additives. The formulation of the resulting masses 

was carried out by applying plastic and semi-dry pressing. An 

appropriate heat treatment regimen with a maximum temperature 

of 1150°C and an isothermal fluid retention of 1h is 

experimentally established. 

 

2. Experimental procedures     
 

The test bodies are prepared using available standard 

equipment and inventory: KERN scales, porcelain mill with 

volume 50 l with malt bodies, sets of sieves and others. The 

experimental heat treatment of molded blanks was carried out in 

a specially made furnace with homogeneous temperature field 

and a programmer for setting the speed of increase and lowering 

of the temperature values and the necessary isothermal fluid 

retention. 

Radiographic Analysis (RFA) was performed using a 

Philips 1710 X-ray generator (32 kv, 16 Ma, step 0.05, Co-tube 

with λ 1.78892 Å and range 5 – 55 degrees).  

The resulting compositions were conducted differential 

thermal analysis (DTA) with apparatus STA PT1600 TG-

DTA/DSC. The laboratory tests are carried out in an inert gas 

environment at a temperature range of 20 ÷ 1300oC and an 

applied heating rate of 10°C/min.  

A microscopic examination of the prepared prototypes and the 

provided benchmarks was conducted and the microphotographs were 

photographed by binocular ICW binocular microscope Stemi 2000-C 

and polarizing microscope Amplival Pol D.  

At the same time, experimental samples of the surface and 

volume of the prototypes obtained were examined by a Philips 525 U 

Scanning Electron Microscope (SEM) with an EDAX 9900 analytical 

system.  

 

          3.  Results and discussion 

 

The average chemical and grain size composition of the marsh 

delivered from a deposit in the village of Svetlen and taken from the 

technological table for the brick production in "Rodna Industria" in 

Popovo, in % is: SiO2 - 42%, Al2O3 - 12%, El2O3 - 5.14%, CaO - 

18.60%, MgO - 2.50%, R2O - 2.16%, 3H - 1868. 

Grain size composition in% by weight: 

 fraction below 0.005 – 48; 

 fraction from 0.005 to 0.05 – 37; 

 fraction above 0,05 – 15. 

According to BDS 14175-77, the marl refers to the acidic 

mergels (Al2O3 <15%). Marl with alkaline earth oxides content above 

17–18% is determined as high-carbon. By this classification, the marl 

used by us, with an average content of alkaline earth oxides 20.10 

wt%, implies a relatively narrow interval of sleeping and difficulty 

obtaining fine ceramic products with low voids content. This requires 

continuous firing and fluid retention at a specified lower temperature. 

Another possibility is modifying the composition with pure-washed 

kaolin, but this leads to a certain increase in the final temperature of 

high temperature liquid phase synthesis. The slow increase in the 

temperature of the firing of sedimentary mercury clays with high 

alkaline earth oxides and narrow interval of sleeping is confirmed by 

companies in Russia, Czech Republic, Holland, etc. We proved that 

the test fixtures were prepared from a plastic table measuring 5x5x5 
cm, made from the light marl clay, heated 7 hours at a temperature of 

1120oC, lower than that of the temperature of the high temperature 

liquid phase synthesis - 1150oC, no yellow color is obtained, but red, 

despite the large content of Na2O and K2O. However, if the grip lasts 

40 hours, the colour changes to yellow and the specimens shrink above 

15%. The yellow color manifests itself with the appearance of a liquid 

phase and an intense contraction and compaction of the skull. As a 

consequence, the quartz grains contained in the marl are attacked 

superficially and the deformation is avoided.  

It is important to develop the yellow color in the oven's gas 

environment - around the caking temperature is reductive. The effect 

of reduction can be avoided if Na2O is added to the marl in the form of 

Na2CO3. The yellow color can be obtained and act favorably when 

adding a minimum amount of soda to the clay within 02 ÷ 03 wt.% 

Na2O as regards the weight of the dry mass. The addition of Na2O as a 

stimulating modifier is in the case of baking in a oxidizing 
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atmosphere. The role of Na2O, as the deciding factor can be 

assumed by FeO, the main reason for obtaining which is Fe2O3. 

The available and further formed FeO forms with SiO2 low-

voltage compounds of the type FeO.SiO2 and increases the liquid 

phase. Na2O further contributes to the formation of liquid phase. 

At the same time, in the field of Clinopiroxena, we proved that 

not diopside is formed, but its variant, known in literature as a 

façade. Characteristic of the façade is its increased content of 

aluminum, calcium and trivalent iron. Precisely the rich in 

trivalent iron fractions are the reason for the yellow color and the 

imported standards, and the formed and synthesized Bulgarian 

pavers. Na2O increases the velocity of the liquid phase and 

directs the reaction in a solid phase in absorption of SiO2, which 

is borne by the reacting environment. 

In the presence of MgO, as is the case with sedimentary 

rocks from the city of Popovo and Svetlen, with the help of X-ray 

and microscopic analysis with transmitted light through prepared 

dunncoats of yellow pavers, the mineral phases diopside and 

anorthite are established. This is a serious circumstance and 

reason to consider that the cause of the occurrence of the yellow 

color is Fe3+, which is contained in the pyroxene 

CaO.MgO2.SiO2. For the synthesis of diopside MgO is the main 

component for its formation. According to Zeger sedimentary 

rocks that do not have in their contents from 1 to 2 mol MgO and 

4 mol CaO of Mol Fe2O3, their composition so should be 

modified with additional additives to become 6 mol CaO+MgO 

of 1 mol Fe2O3. In addition, CaO should be in excess of MgO, 

otherwise it is not yellow, but gray coloring. The molar ratio 

MgO:CaO should be ≈ 1:7. 

In analyzing the influence of the exposed factors, 

laboratory and semi-industrial experiments have been conducted 

to obtain experimental samples of yellow-coloured pavers, 

equivalent in colour, shape and size and superior to the imported 

standards in physical and mechanical and tribological indicators. 

For this purpose, local raw materials were used – marls from the 

town. Popovo and Svetlen, Targovishte. District in clean and 

modified state. Their chemical compositions are listed in table 1. 

  
Table. 1. Chemical composition of the raw materials used. 

 

Row materials 

 
Marls 

Svetlen 

 
Marls 

Popovo 

Ingredients, wt %  

SiO2 43,00 42,00 

Al2O3 12,50 12,00 

Fe2O3 5,14 5,00 

CaO 19,24 18,60 

MgO 2,30 2,50 

Na2O+K2O 2,40 2,16 

TiO2 0,90 0,40 

3.H 15,42 19,74 

 

 

When composing tables for natural coloration of yellow 

tiles, paving stones, etc. the following raw materials are used as 

additives: chemically pure, anhydrous Na2CO3, glass flour 

(fraction < 63 microns) and calcined at 550°C washed kaolin. 

The latter is introduced in order to change the ratio of the 

alkaline-earth oxides, to increase the fire resistance, to reduce the 

inclination of the beads to the deformation and to break the 

caking interval. The remaining materials are added to improve 

the caking and promote the production of light (yellow) articles 

(Table 2). 

 

 

 

 

 

Table 2. Used raw materials as additives. 

 

Name of the 

material 

 

Na2CO3 

Chem. pure 

 

Glass powder 

fraction – under 
63 µm 

 

Washed 

kaolin - 
calcinated at 

550°C 

Ingredients, 

 wt % 

 

SiO2 - 71,00 67 

Al2O3 - 2,00 33 

Fe2O3 - 0,22 - 

CaO - 6,75 - 

MgO - 2,60 - 

Na2O+K2O 58,5 17,78 - 

3.H 41,5 - - 

 

The processing of masses obtained from dry and ground 

merellni clays and additives, excluding soda, which is in minimal 

quantities, is carried out by two methods-plastic and semi-dry 

pressing.  The plastic mass, for plastic pressing, is obtained by mixing 

the materials with 60% water, homogenising in ball mills until the 

auger is obtained. It matures 24 hours, after which it is passed through 

a press filter or dewatered in plaster forms to normal molding 

humidity (20 - 30%). From the resulting plastic mass the products are 

molded into metal molds of plastic pressing press. The semis is 

prepared with the materials moistened with 22 – 23% water, and they 

are mixed and allowed to lie for two days for the swelling of the clay 

component. From the plastic table are prepared briquettes, which are 

dry crucible to humidity of 1 – 3% and then grind on a colergant or a 

ball mill. The resulting sifted powder is granates and moisturizes to 5 -  

6%. The following shall be sieving through sieve 2.00 mm for removal  

of larger fractions. The resulting subsieve fraction has the following 

granulometric composition: (Table 3).  

 
Table. 3. Granulometric composition of the subsieve fraction. 

 

№ 

 

Grain size 

 

% 

 

1 2,0 ÷ 1,25 23 

2 1,25 ÷ 0,80 18 

3 0,80 ÷ 0,50 17 

4 0,50 ÷ 0,25 18 

5 0,25 ÷ 0,125 12 

6 under 0,125 12 

 

The blanks are molded from the resulting granules of the semi-

dry pressing press. The used sedimentary rocks for the production of 

the masses, as stated above from the deposits in the town of Svetoden 

and Obzor. Popovo are not suitable for the production of thin-walled 

products, because they are characterized by a narrow interval of sleep 

and a pronounced tendency to deformation. Therefore, on both 

methods are pressed large sample samples of raw ones with 

dimensions 200 x 100 x from 30 to 50 mm. The sintering was carried 

out in a specially constructed electric furnace with a homogeneous 

working volume field and a temperature control program. The ultimate 

maximal isothermal fluid retention of temperature is within the range 

of 1140 ÷ 1150oC. As an example, the rates of rise and decrease in 

temperature and temperature limits are set out in figure 1 for 

composition 1. Pre-plastic test bodies are dried in a vacuum dryer to 

residual humidity of 2 – 3%, unlike semi-dry pressing. Despite the 

slow rate of temperature rise, several isothermal inhibitions were 

required. 

The baking mode is as follows: 

 heating speed 2°C/min; 

 hold at 100°C and 200°C - 30 min; 

 hold at 600°C and 800°C - 20 min; 

 maximum temperature of high-temperature liquid phase synthesis 

1150oC - hold 1 hour; 

 decreasing temperature 4°C/min; 

 hold at 600°C - 30 min. 
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Fig. 1. Temperature firing curve. 

 

Table 4 shows the composition of the samples. 
 

 

Tab. 4. Experimental compositions tested. 

 

 

 

№ 

 

 

 

Ingredients 

 

 

№ of the composition in wt % 

1 2 3 4 5 6 7 8 

1 Marls  

Svetlen 

 

100 

  

95 

  

91 

  

90 

 

85 

2 Marls  
Popovo 

  
100 

  
95 

  
91 

  

3  

Na2CO3 

   

4 

 

4 

    

3 

4  

Glass flour 

     

9 

 

9 

  

5 Washed 

kaolin 

       

10 

 

10 

 

 

The best results with regarding to water absorption were 

obtained from compositions 1, 5 and 8. By this index, the degree 

of culling of the skull is best considered. The average values of 

this indicator for the same curing temperature - 1140oC are given 

in Table 5. 

 
Table. 5. Average water absorption values at coagulation temperature - 

1140oC. 

 

Indicator 

 

Water absorption, % 

 

 

Ingredients 

 

1 0,12 

2 0,64 

3 0,48 

4 0,70 

5 0,08 

6 0,80 

7 0,11 

8 0,09 

 

 

In the basis of the marl base from the village of Svetlen 

without and with modifiers are better, respectively, and their 

water absorption is lower. 

The solid sintering of the individual masses, with the 

exception of mass 1, shown in figure 1, is: for mass № 1 - 

1150оС; for mass № 2 - 1150оС; for № 3 - 1120oC; for № 4 - 

1120oC; for № 5 - 1140оС; for composition № 6 - 1140оС; for 

composition № 7 - 1160oC and for composition № 8 - 1140 ° C. 

The samples obtained are a standard description of the 

colours on the surface and in depth, through the Munsell Color 

System. The color nomenclature consists of a separate recording 

of the nuances, its value and the color to which it refers, which 

are combined in such a order as to represent the color perception. 

The samples obtained are characterized by an equivalent yellow 

colour of the imported standards, the characteristic of which for 

the individual compositions is from 2.5 y 5/6 to 2.5 y 4/6. 

          4. Conclusion 
Experienced samples of „yellow pavers” of equivalent colour, 

shape and size have been obtained with the original standards of 

historical street surface provided for exploration. The prototypes were 

prepared in laboratory and semi-industrial conditions with the use of 

local raw materials (marls), extracted from deposits near the city. 

Popovo and Svetlen, Targovishte District. The new specimens are 

superior to the physical, mechanical and tribological characteristics of 

the authentic pavers. On the basis of dry and ground merellni clays are 

developed table-compositions with the introduction of technological 

additives: Na2CO3, Glass flour (Faction < 63 microns) and thick with 

550oC washed kaolin. The molding of the resulting masses is carried 

out by applying two methods-plastic and dry pressing. 

The optimum heat treatment regime (according to the specifics 

of the tested raw materials) with heating rate of 2°C/min and 

isothermal inhibitions at different temperature values is established: 

100°C and 200°C (30 min), 600oC and 800oC (20 min), maximum 

temperature 1150oC (1 h). The temperature decrease is achieved at 

4°C/min, with a fluid retention of 30 min applied at 600oC.  

It has been shown that the experimental specimens obtained on 

the basis of marl from the village Svetlen (without and with modifiers) 

are more successful and are characterised by lower water absorption. 

The obtained experimental bodies outperform the comparative 

standards in physical and mechanical and tribological indicators. A 

standard determination of the colour characteristics of the surface and 

the volume of the prototypes produced is carried out using the Munsell 

color System and an equivalent yellow colour is established with the 

original specimens. 
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