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1.	I ntroduction

The study and knowledge of the mechanical properties of ceramic materials 
are necessary for the optimisation of the formulation and processing of these pro-
ducts in both advanced and traditional ceramics.

The modulus of elasticity is a material property that does not only depend on 
the composition1, but also varies with temperature2 and the presence of micros-
tructural defects (microcracks3 and porosity4). In certain cases, therefore, moni-
toring the modulus of elasticity with temperature can provide information on mi-
crocracks in the pieces. In porcelain tile compositions, cracks originate as a result 
of the difference between the coefficient of thermal expansion (CTE) of the glassy 
matrix and that of the quartz particles5.

2.	E xperimental

Test pieces were prepared from sodium feldspar powder (Mario Pilato). The 
powder was milled for 30 minutes in water, dried, and then moistened to 8% with 
an aqueous solution of 5% PVA. This was then pressed at 350 kgf/cm².

Four compositions were prepared, adding 18.5% by volume of quartz parti-
cles. The average size, D50, of the quartzes used is detailed in Table 1. The test 
pieces were sintered in a Pirometrol furnace at a heating rate of 210 oC/min to 500 
oC, followed by a rise in temperature to 1205 oC at a rate of 25 oC/min, and a dwell 
at peak temperature of 6 min. Cooling took place inside the furnace.

Quartz
(Sibelco) Average particle size D50 (µm)

SE-500 3.4 ± 0.5
SE-100 13.4 ± 0.6
SE-12 20.4 ± 1.1
SE-8 31 ± 4

Table 1. Average quartz particle size.

To determine the modulus of elasticity up to 700 oC, an apparatus that meas-
ures the natural vibration frequency (Grindosonic, J.W. Lemmens) was used.

3.	R esults

Figure 1.a shows that, at ambient temperature, the modulus of elasticity de-
creased with the rise in quartz particle size. Above the quartz αβ allotropic tran-
sition temperature6 (573 oC) all materials displayed the same modulus of elasticity. 
The hysteresis, measured as the difference in the modulus of elasticity between 
heating and cooling, is shown in Figure 1.b. It may be observed that the hysteresis 
was greater when the quartz particles were larger.
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Figure 1. Results of the modulus of elasticity (a) and hysteresis (b) of the test pieces. 

Figure 2 shows the microstructure of the test pieces that contained fine (a) 
and coarse (b) quartz particles. It may be observed that the quartz particles with a 
larger D50 gave rise to bigger defects. This would explain the results shown in Fig-
ure 1: at ambient temperature, the test pieces with coarse quartz had more cracks 
so that their modulus of elasticity was lower. At high temperature, the greater cu-
mulative expansion of the quartz (owing partly to its allotropic transition) caused 
the cracks to close and all test pieces displayed the same modulus of elasticity.

This phenomenon also affected hysteresis (Figure 1.b). During heating, the 
cracks were open and the modulus of elasticity was relatively low. During cooling, 
the initial situation was such that the cracks were closed, making it necessary to 
overcome a certain adhesion force to open them, so that the modulus of elasticity 
was greater.

(a) (b)

Figure 2. Microstructure of test pieces with fine quartz particles (a)(SE-500) and coarse quartz 
particles (b)(SE-8).
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