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D. Fraga, A. Gyozova, S. Kozhukharov, S. Allepuz, C. Lázaro, V.Trilles, J. Carda 

 

Abstract: The following research work shows the results of the introduction of waste generated by 

the ceramic industry, such as the calcined clay from fired porcelain of stoneware and raw biscuit, sludge and 

cleaning water, as well as waste from other sectors like the recycling glass. In this way, it can be obtained a 

stoneware porcelain slab, engobe-glaze and satin glaze that contain high percentage of recyclable raw 

materials. 
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INTRODUCTION 

According to literature [1-4], during the last decade the use of ecologic products has 

become an important aspect in the ceramic industry, in order to optimize and reduce the 

consumption of natural resources. Recycled glass can be obtained from several sources 

such as flat glass, glass bottle, lamps, television screens, etc. Moreover, its amorphous 

nature and composition (mainly silicon oxide, calcium oxide and sodium oxide) make it an 

excellent candidate for application in the ceramic industry as a flux agent and/or frits for 

glazes and engobes. For that reason, the recycled glass has to possess compositional 

homogeneity and must be available in large quantities.  

 The aim of the present work is to study the application of recycled glass and 

ceramic waste as raw materials in the production of ceramic tiles.  

 

EXPERIMENTAL 

The methodology followed in this work consisted in formulate a stoneware porcelain 

composition using kaolinitic clay (40-50%wt.), feldspar (30-35%wt.), sand (5-10%wt.) and 

also waste materials (15-20%wt.). Given materials contain glass waste (sodium-calcium 

nature), calcined clay from fired porcelain of stoneware and raw biscuit. 

Therefore, the composition of the glass waste was analyzed by X-Ray Fluorescence 

(XRF). Also, dimensional and viscosity variation of the sample during thermal cycle were 

analyzed by thermal microscopy. Finally, several samples were analyzed by Scanning 

Electron Microscopy (SEM) with microanalysis (EDX). in order to confirm their chemical 

homogeneity. 

On the other hand, a porcelain stoneware composition has been studied by chemical 

analysis by X-Ray Fluorescence (XRF). Also, vitrification plot was used to observe the 

paste behavior by linear contraction variation (%) against water absorption (%). Moreover, 

the ceramic paste formulation was characterized by dilatometric curve. 

Finally, engobe-glaze and a satin glaze were developed using glass waste and 

calcined clay, and glass waste only, respectively. 

 

RESULTS AND DISCUSSION 

a)  Recycled glass Characterization 

The compositional homogeneity of the recycled glass was verified by X-ray 

fluorescence (XRF). Results of the chemical analysis showed a typical sodium-calcium 

composition as can be observed in detail in Table 1. 
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Table 1. Chemical analysis  

of the recycled glass. 
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 The waste glass behaviour during the thermal treatment (200 ºC < T < 1300 ºC) 

was analyzed using a Heating Microscope. It is important to notice that the sample 

reached the sphere form at 936 ºC, followed by the total fusion of the sample at 1116 ºC, 

as shown in Figure 1. This is an adequate value for its use as raw material.  

 

 

Fig. 1. Thermal behavior of the recycled glass.The sample reached total fusion at 1116ºC. 

 

The morphological and microanalytical characterization of waste glass were 

performed by Scanning Electron Microscopy with microanalysis (SEM/EDX). The glass 

was previously grinded below 45μm (Figure 2). Several crystals were analyzed in order to 

confirm its chemical homogeneity. All observed areas exhibit uniform composition as 

presented in Table 2. 

                                       Table 2.  Microanalysis  of waste glass. 
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   Figure 2. SEM image of 

    grinded  waste glass. 

.  

b) Formulation of ecologic ceramic paste  

Once the glass was characterized, and based on the obtained results, a ceramic 

paste was developed, using the waste along with another standard materials used in the 

ceramic industry in order to produce the tiles. Up to 20%wt. of waste materials (glass, 
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calcined clay, etc) was used in the formulation. The composition of given paste is 

represented in Table 3. 

 

Table 3. Composition of ecologic ceramic paste. 
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c) Characterization of the ecologic ceramic paste 

Chemical analysis of the obtained paste was determined by X-ray fluorescence 

(XRF). Results of the chemical analysis are observed in Table 4.  

 

Table 4. Chemical analysis of ecologic ceramic paste. 
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Dilatometric curve show a slight slope at 570ºC corresponding to a phase transition 

of quartz α�β SiO2 (Figure 3). It was observed a lineal contraction of 7.56% and a water 

absortion of 0.28% at T= 1165ºC as is indicated on the vitrification plot (Figure 4).  

 

 

�

      

Figure 3. Dilatometric curve for ecologic                     Figure 4. Vitrification plot for ecologic  

ceramic paste                                                              ceramic paste. 

 

d) Formulation of engobe glaze and satin glaze  

Finally, two glaze formulations were developed using recycled materials, as shown in 

Table 5. The first one is an engobe-glaze for stoneware porcelain slabs. It uses 10%wt. of 

waste glass and 11% of calcined clay. Also, a satin glaze formulation was obtained using 

10%wt. of sodium-calcium glass and 5% boronsilicate glass. Both formulations are 

currently being applied industrially at Cerámicas Plaza, S.A.. 
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Table 5. Formulation of engobe and satin glaze. 
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    CONCLUSIONS 

�  It was developed NEW ECOLOGICAL TILES that contains high percentage of 

recyclable raw materials, with technical characteristics similar to conventional 

porcelain.  

�  Engobe-glaze for stoneware porcelain slabs was prepared by the addition of 10% 

waste glass and 11% calcined clay  (% in mass) (Figure 6). 

�  It was obtained satin glaze from recycled glass with different nature: sodium-

calcium glass (Glass waste 1) and a borosilicate (Glass waste 2) (Figure 7). 
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   Fig. 6. Ecologic engobe-glaze composition     Fig. 7. Ecologic satin glaze composition  
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