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Abstract: Lightweight porous ceramic has a number of advantages over the tightly sintered  one depending on the field of application. As a 

building material with low thermal conductivity and good sound insulation properties, foam ceramic is a suitable material for the production 

of thermal and sound insulation panels, partition walls, as well as for layers laid under asphalt to protect road and urban square pavements 

from freezing. As a filling, foamed ceramic materials are also added during the production of lightweight concrete used in construction and 

architecture and in the manufacture of decorative and non-structural insulation elements. In the present study we consider the 

characteristics of marl clay, found around the village of Lovets near the town of Shumen, with coal as a foaming additive, and the 

technological regulation for the manufacture of foam ceramic blocks. 
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1. Introduction 

Foam ceramic materials included in various composites [1] are 

becoming increasingly popular in the manufacture of construction 

and technical elements (bricks, filters, etc.). The present study 

considers the possibility of using marl clay in the production of 

foam ceramic insulation material by foaming the latter with added 

coal powder [2]. For the purposes of the study, samples were 

developed with different weight percentages of foaming agent. The 

temperature dependences of the properties of the ceramic mass on 

the content of coal powder were studied. The chemical analysis and 

the phases obtained after high-temperature liquid-phase synthesis 

are presented and a tomographic analysis of a sample of foam 

ceramic material is performed. 

2. Experimental part 

The composition of the sample was developed on the basis of 

sedimentary marl rock from a deposit around the village of Lovets 

near the town of Shumen. The material is suitable for making 

ceramic products with densely sintered ceramics, as well as ones 

with high porosity such as insulation blocks, e.g. bricks. Since the 

compaction after synthesis depends on the modification of the raw 

material and on the temperature regime, in order to obtain foamed 

ceramics, to the multicomponent mass is added coal powder which 

releases CO2 during combustion and acts as a foaming agent [3-4]. 

3.1.Research 

The following studies were performed: differential thermal analysis 

of the modified composition (Fig. 1); chemical analysis of the clay, 

presented in Table. 1; X-ray phase analysis, shown in Figure 2; 

temperature regime in synthesis, presented in Table. 2 [5]; 

tomographic analysis, presented in Figures 3, 4 and 5. The ratio 

between closed and open pores, as well as the total porosity are 

shown in Table. 3, and the amount of pores with sizes from 1 to 3 

mm – in Table. 4 [6]. 

 

Table 1. Chemical analysis 

 

Chemical 

composition 

Percentage 

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 

 

Based on the experiments conducted on the marl sedimentary rock, 

the fireclay obtained from it, as well as on kaolin and coal powder, 

an optimal composition for the production of ceramic thermal 

insulation blocks was developed. The added foaming agent 

constituted up to 10% of the total weight, and the high-temperature 

synthesis was carried out at a temperature in the range of 1,115-

1,120° C. Obtained as a result was a lightweight foam ceramic 

material, with a low coefficient of heat conduction in the range of 

0.095 to 0.12 W/m2K, compressive strength of 120 to 130 MPa, 

and wear resistance of 0.75 g/cm2. 

 

Fig. 1. Differential thermal analysisof a 

modifiedcompositionbasedonmarlsedimentaryrockwiththeadditionof 

10% coaldust. 

A loss of mass of 13.52% is observed following the ignition of 

the composition’s mass modified with the foaming agent (Fig. 1). 

Mass losses are due to the processes of dehydration, de-

carbonization and oxidation of the carbon from the coal dust. There 

is a change in the thermogram at different temperatures, with the 

above mentioned processes starting as early as at 290ᵒ C. An 

endothermic effect is observed in the temperature range from 800 to 

900ᵒC, associated with the decomposition of the carbonates. Liquid-
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phase transition at a temperature of 1,150ᵒ C is observed, and 

complete melting at a temperature of 1,255ᵒ C, which means that 

the sintering must take place before the maximum temperature is 

reached. X-ray phase analysis of the obtained foam-ceramic 

material has also been performed showing the presence of the 

petrurgical phases diopside and anortite. 

 

Fig. 2. XRD of the modified marl clay. 

The temperature regime of the synthesized sample is presented 

in Table 2. Heating is done gradually, raising the temperature by 

2ᵒC / min. The retention of the temperature is in several intervals - 

the first one allows to separate the freely bound water, the second 

one helps to dehydrate the structural water, the third one allows to 

complete the decarbonization processes, and finally the liquid-phase 

transition takes place. 

 

Table2.Temperature regime in the synthesis of the studied 

materials. 

Temperature,ᵒС Retention, min 

150 60 

650 60 

950 180 

1120 180 

 

The computer tomography method was used to obtain 

information about the volume of the material, as well as to calculate 

the porosity. After irradiation using 3D X-ray micro-

tomographerSkyScan 1272, a reconstruction of the sample was 

performed using NRecon software, where the obtained X-ray 

projections were “assembled” to produce a digital model of the 

sample. Using CTVox software, 3D images of the sample and 

images of its different sections can be obtained. The software for 

calculating various geometric parameters is CTAn,  which in our 

case yielded data on the closed and the open pores, on the total 

porosity, on pore diameters and on the pore percentage distribution 

in the sample volume. Figure 4 shows visualizations of the sample, 

which is irregularly shaped, has dimensions of approximately 35 x 

20 x 5 mm, and is rotated around a vertical axis. Clearly visible are 

the open pores formed in the synthesized sample. Airspaces of 

different sizes and shapes are observed, passing through the whole 

volume of the sample. 

 

 

Fig. 3. Visualizationofthesamplerotated around a verticalaxis. 

Fig. 3 shows a longitudinal section of the scanned sample in 1 mm 

steps. Deeper inside can be observed the formation of new air 

spaces in the individual layers. 

 

Fig. 4. Visualization of the longitudinal section of the sample in 

steps of 1 mm. 

Fig. 4 shows a cross section in steps of 1 mm. The formation of 

larger open pores below the surface layer is observed, which 

indicates that the surface layer is significantly denser. This might 

facilitate the process of forming products with a relatively smooth 

and dense surface and a porous structure. 

 

Fig. 5. Visualization of the cross-section of the sample in steps of 1 

mm. 

A total of 1374 layers of the scanned sample were examined at 

an image resolution of 1224 x 980 pxl, with a pixel size of 21.57 

µm, at a rotation step of 0.6º and full rotation of the sample (360º). 

The filter used was 0.11mm Cu at source voltage and current 

respectively 100 kV and 100 µA. The percentage of closed and 

open pores, as well as the total porosity, are presented in Table 3. In 
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Table 4 is shown the percentage of pores with dimensions from 1 to 

3 mm relative to the total amount. 

Table3.Ratio between closed and open pores, as well as total 

porosity of the studied sample. 

Pores type Percentage 

Closed pores 2.47 

Open pores 26.41 

Total porosity 28.88 

 

Table4.Percenta

ge of pores with 

sizes from 1 to 3 

mm. 

 

 

 

 

 

 

 

3. Conclusion  

A foam-ceramic thermal insulation material has been created 

that can be used for the making of products with improved physical-

mechanical and tribological indicators, with a low 

coefficientofheatconduction, and suitable for application in the road 

and civil construction industry. 
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Pore size % 

under 1 mm 83.65 

from 1 to 2 mm 14.50 

from 2 to 3 mm 1.85 
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