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Abstract: The results of the plastic forming of ceramic pavers with a large volume and size are observed to produce better compaction of the 

raw material. The used ceramic mixture is based on a sedimentary rock with relatively high moisture content and firing shrinkage which 

gives the common yellow colour after a high-temperature liquid phase synthesis. The results of one-fold pressing revealed the occurrence of 

deformation processes in the drying stage and during the temperature regime. As a consequence, the pressing pressure should be increased 

and the residual water amount needs to be reduced to an optimal content.   
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1. Introduction 

The term plastic pressing could be conditionally divided into 

forming two kinds of ceramic products. The first group is connected 

to small-by-size holloware such as porcelain tableware, whereas the 

second is related to mini-series dense ceramic goods like a floor or 

wall tiles [1]. In terms of this, the technology is innovative not only 

in Bulgaria because of the used forming process to produce large by 

size and volume ceramic pavers “yellow” paving stone type. 

An innovative die construction for plastic forming is contrived, 

which includes metal parts and composite inserts. The development 

is made up and mounted to the specific press facilities on the 

territory of the IMSETHC-BAS which possess an ability to press up 

to 185 000 kg/cm2. The used mixture is based on a sedimentary 

rock from the quarry Aleksandra, the village of Lovets with the 

modifying agents to stabilize the high temperature and brighten the 

colour [2].  

Part of the results are presented in front of the scientific area, 

however, the experimental work amplifies the technological process 

and the new research observes the structure of the experimental 

synthesized samples. A specimen for computed tomography 

analysis is given which reveals the presence of porosity and flaws in 

the structure due to approximately high moisture content and not 

enough densification of the material.  

According to this, an additional implement should be applied in 

the forming process for more compaction of the ceramic mass [1,3-

5].   

2. Experiments 

The technological regulation is contrived for plastic pressing of 

ceramic items that are associated with original by size and form 

products “yellow” paving stone type. The used ceramic batch is 

based on a sedimentary rock that gives the analogous yellow color 

after a high-temperature liquid phase synthesis [6]. The task 

development could be divided into the production of the metal 

construction and composite pressing die, and the research includes 

analysis of the structure of the synthesized end product.  

Although good results and advantages of this technology, the 

process requires additional compaction of the raw mass before the 

major molding. It is necessary due to the relatively high moisture 

content in the used composition of 20 %, in contrast to the optimal 

water content of 15 % for better results. The higher quantity of 

water increases the volume drying and firing shrinkage as well as 

emerging unacceptable flaws such as a larger range of deformation 

and cracking of the products during the temperature synthesis. 

The constituents of the die construction could be classified as 

metal frames (punch holders), holder, and guide posts; metal 

pressing die with embedded composite inserts, and two composite 

punches. Mounting of the construction over the press facility is 

achieved by the metal frame means, whereas stabilization is reached 

through the additional holder.  The frames with mounted punches 

are fixed to each other by the guide posts and the distance bars are 

placed which determine the volume of the pressing form. The 

scheme of the die construction is given in fig. 1, whereas fig. 2 

reveals the elements of the construction, and the mounted 

construction on the press facility is presented in fig. 3.  

The composite material is a type of technical stone; the 

composition ingredients are polymer and filler. The proportions of 

the mixture are given in table 1, and the mechanical properties of 

the specific resin are presented in table 2 [7]. The ratio of the 

components is 70 % of resin and 30 % of filler, which is separated 

between 20 % of quartz glass in different fractions with hardness by 

Mohs 7 and 10 % of corundum with hardness by Mohs 9. 

The characteristics of the added agents and their hardness 

reduce the percentages containing filler on account of the resin, in 

contrast to traditional products of technical stone which the filler 

content is approximately 90-95 %. The increases of the resin in the 

used composite leads to decreases in the viscosity and makes the 

composition liquidity enough which contributes to the whole form 

being filled and reproducing detailed and smooth imprint with no 

further treatment.  

The specific aspect of the approach becomes from the 

production of the composite elements which are cast in silicone 

moulds. In terms of this, the models with the necessary expansion 

of the ceramic plastic mass, in this case of 17 %, are made in 

advance. Silicone moulds are cast for each model and the hardness 

of the used elastomer is 22 by Shore A with very high properties of 

tear strength and very detailed imprint. The characteristics of the 

silicone are given in table 2 [8].  
 

 

           Fig. 1 Technical drawing of the die construction for plastic pressing 

of ceramic pavers. 
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       Fig. 2 Technical drawing of the die construction constituents: 2a. 

Pressing die: metal frame and composite insert; 2b. Punch holder: metal 
frame and composite punch; 2c. Guide posts: St3sp steel guides; 2d. St3sp 

steel holder; 2e. Upper punch: composite plunger; 2f. Lower punch: 

composite plunger. 

 

Fig. 3. View of the mounted die construction of the press facility for the 

main moulding. 

 
Table 1: Proportion of the components in the used composite mixture. 

Composition Amount % 

Epoxy resin Biresin CR170 70 

Quartz glass fraction of 30-50 µ 10 

Quartz glass fraction of 50-100 µ 10 

Corundum fraction of 120 µ 10 

Table 3. Properties of the polymer used for casting the composite 
inserts. 

Elastomer Zhermack ZA 22 Index 

Hardness after 24 hours [ShA] 22 

Viscosity [mPa.s] 4000 

Elongation at break [%] 380 

Tear strength [КN/m] 20 

Reproduction of details [µ] 2 

Dimensional variation after 24 hours [%] 0.05 

The structure of the experimental ceramic paver is observed 

with the CT scanning means. The end products are synthesized with 

the tentative temperature regime, and the specimens are presented in 

fig. 4. The research reveals the presence of open pores and cracks as 

a consequence of the not enough densification of the ceramic 

material. The results of the computed tomography analysis are 

shown in fig. 5. The hypothesis of these flaws is the obtaining of the 

multi-layer in the ceramic mass still in the pressing process. It is 

probably due to not enough pressure during the press forming as 

well as the higher content of water. 

 

Fig. 4 Synthesized to 1127 °C end products ceramic pavers “yellow 

paving stone” type. 

 

5a  
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Fig. 5 Research of the structure of the synthesized specimen reveals 

cracks and pores: 5a. Up section; 5b. Down section.  
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The process of plastic pressing is given in fig. 6. The forming 

begins with placing 5100 grams of ceramic raw mixture slug on 

which pressure of 13000 kg/см2 acts. The weight of the dry 

specimens declines to 4800 grams, as a consequence of higher 

moisture content and slightly more ceramic material which is 

expelled during the pressing process.  Thus, make the green body is 

not dense enough in the raw condition and requires an additional 

implement for more compaction. 

 

 
  6a 
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Fig. 6 The Forming process of ceramic products “yellow” paving stone 

type: 6a. Placing a slug into the pressing die; 6b. Removing the expelled 
material.  

3. Conclusion 

Experimental samples of ceramic plastic mass, based on 

sedimentary rocks with the addition of modifying agents to stabilize 

the firing process as well as brighten the clay color, are contrived. 

The used mixture has approximately 20 % of moisture content 

which gives a relatively higher volume drying and firing shrinkage. 

The end products are made through the one-fold plastic pressing 

which displayed a vitreous body after high-temperature liquid phase 

synthesis. However, the held research reveals porous and multilayer 

structures of the ceramic material.  The higher water content is due 

to not enough densification of the raw material. In terms of this, the 

process requires considering the possibilities for the preliminary 

extract of the moisture content and increasing the forming pressure 

through the additional two-fold moulding which should be led to the 

appropriate compaction of the ceramic mass. 
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