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1. INTRODUCTION 

 The use of vigorous fluxes encourages sintering, promoting lower firing 
temperatures and, hence, lower economic and environmental impacts. However, the 
addition of these raw materials is generally performed empirically.  
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Previous studies point to viscosity of the liquid phase that develops at high 
temperatures as being the key factor in the development of porcelain tile sintering [1,2]. 
Thus, in order to try to predict the effects of the addition of vigorous fluxes to porcelain 
tile formulations on tile behaviour during firing, the Fluegel model was used [3]. 
 

2. EXPERIMENTAL APPROACH 

Using an industrial tile body (STD), the effects of adding selected fluxes were 
estimated using the Fluegel model and the predictions were experimentally verified. 

The detailed methodology is schematically shown in Figure 1. 

 

 

Figure 1. Detailed methodology. 
 

To this end, two hypotheses were considered: (1) the added raw material fuses 
completely and mixes with the liquid phase of the body, without interfering in its 
formation; (2) melt viscosity is a sufficient condition for determining firing temperature. 

The chemical composition of the glassy phases was estimated in accordance with 
the method proposed by Conte et al. [2]. 

 

3. RESULTS AND DISCUSSION 

The initial goal of 30 °C reduction was attained by all fluxes used and was 
exceeded by some (Table 1). However, all formulations densified without achieving such 
a low viscosity as STD. These results suggest that the second assumption, presented 
above, was not valid. 
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Addition 

(%) 
Formulation Tf (°C) Viscosity (Log10 Pa.s) 

STD   1215 4,37 

Wollastonite 6.5 W6.5 1185 4.44 

Ulexite 4.0 U4.0 1140 4.67 

Colemanite 4.5 C4.5 1125 4.78 

Diopside 12 D12 1185 4.53 

Phonolite 14 F14 1170 4.53 

Spodumene 20 E20 1170 4.60 

Table 1. Summary of the characteristics of each formulation.  

 

Table 2 presents a comparison of the estimated and of the experimentally 
measured chemical composition of the melt. The elements of interest for the fluxing 
action are detailed, highlighting the main elements in each formulation. The differences 
between these elements clearly demonstrate that the first hypothesis was also not valid. 
This indicates that new initial considerations are needed for a better application of the 
model. 

 
 

Estimated melt composition Experimentally measured melt 
composition 

 
W6.5 U4.0 C4.5 D12 F14 E20 W6.5 U4.0 C4.5 D12 F14 E20 

SiO2 64.95 64.17 63.64 64.82 64.32 65.94 63.23 61.24 61.48 60.28 61.46 63.69 

B2O3 0.00 1.11 2.63 0.00 0.00 0.00 0.00 1.81 4.08 0.00 0.00 0.00 

Al2O3 18.38 19.12 18.85 17.65 20.01 21.41 20.02 20.01 19.08 21.21 22.83 22.17 

Na2O 0.00 0.48 0.17 0.07 1.56 0.04 0.00 0.78 0.27 0.10 1.97 0.07 

K2O 4.85 5.04 4.97 4.68 5.10 4.18 4.44 5.10 4.89 4.66 4.95 4.73 

MgO 3.48 3.67 3.52 5.33 3.31 3.02 3.47 3.91 3.63 6.01 3.10 3.48 

CaO 3.26 1.10 1.04 2.60 0.32 0.09 3.81 1.51 1.23 2.64 0.46 0.25 

Li2O 0.00 0.00 0.00 0.00 0.00 0.84 0.00 0.00 0.00 0.00 0.00 0.47 

Table 2. Comparative analysis of melt chemical composition, highlighting the elements of greatest 
interest. 

 

The variations in firing temperature seem to be related to the type of element 
present. For the raw materials that contributed alkaline earth oxide modifiers, the 
prediction was exact, whereas for the alkalis, it was approximate. However, for the 
borates, the results moved quite far from what was predicted by the model. 
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4. CONCLUSIONS 

In spite of all the differences between the experimental data on which the Fluegel 
model is based and the porcelain tile system, the model could be applied quite 
accurately to predict the reduction in firing temperature of a porcelain tile for fluxes like 
wollastonite and diopside, bearers of alkaline earth oxide modifiers. For fluxes that 
contained alkali oxide modifiers, the model’s prediction was not as accurate, but it 
serves as a good guide for an initial theoretical approach. However, for the borates, the 
model’s predictions were of little value. 
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