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Table 1 Chemical composition of clay raw materials w/%
Si0, ALO;  FeO3 CaO  MgO KO Na,O  TiO;

7431 21.40 1.01 0.46 0.22 2.69 0.07 0.06

W—Mass fraction.
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Fig. 1 Burning system curve of clay samples
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Table 2 Chemical composition of clay samples at different firing temperatures W/ %
Firing temperature/'C SiO, Al,O4 Fe,04 CaO MgO K,0 Na,O TiO,
500 68.66 24.36 1.69 0.25 0.25 3.65 1.06 0.08
600 68.68 24.53 1.73 0.22 0.33 3.73 0.70 0.07
700 68.07 24.46 1.69 0.65 0.21 3.65 1.19 0.08
800 69.42 23.67 1.68 0.57 0.30 3.46 0.83 0.08
900 68.05 24.27 1.66 0.36 0.24 4.14 1.21 0.07

1000 68.22 24.04 1.69

0.21 0.30 3.76 1.72 0.07
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Extended Abstract

Introduction Thermal expansion analysis is a most widely used method for determining the firing temperature of ancient ceramics,
which infers the original firing temperature of ancient ceramics via analyzing the inflection point of the thermal expansion curve.
However, for the pottery at an original firing temperature that is lower than the formation temperature of glass phase, the inflection
point on the thermal expansion curve is actually the formation temperature of glass phase rather than original firing temperature. To
solve a problem of inaccurate determination of low-temperature pottery firing temperature by a thermal expansion method, clay
samples fired at different temperatures were prepared with clay as a raw material, and analyzed by X-ray diffraction (XRD),
synchronous comprehensive thermal analyzer (TG-DTA), and scanning electron microscopy (SEM). In addition, the first derivative
curve corresponding to the top rod thermal expansion curve of clay samples fired at different temperatures fitted to the
dehydroxylation expansion peak of kaolinite, and the relationship curve between the dehydroxylation expansion peak of kaolinite and
the original firing temperature was also obtained.

Methods A clay as a raw material was processed by grinding, screening, drying, pressing, and sintering at different temperatures.
Afterwards, the cylindrical samples with a diameter of 5 mm and a length of 25 mm were prepared with clay by polishing. The
thermal behavior of clay raw materials was determined by thermogravimetry-differential thermal analysis (TG-DTA). The chemical
composition, phase composition, and microstructure of the raw materials and the samples fired at different temperatures were
characterized by X-ray fluorescence spectroscopy (XRF), X-ray diffraction (XRD), and scanning electron microscopy (SEM). The
linear expansion or contraction process of the samples during the refiring process at different firing temperatures was tested by a
thermal expansion instrument.
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Results and discussion The XRF spectra show that the chemical composition of raw materials and samples at different firing
temperatures is the similar. The XRD patterns and TG-DTA analysis of raw materials indicate that the dehydroxylation of kaolinite
occurs at 300-600 ‘C. Based on the XRD patterns, the phases in clay samples fired at different temperatures are consistent with those
in clay raw materials. At < 900 ‘C, the characteristic diffraction peak intensity of kaolinite in clay samples fired at different
temperatures changes with the increase of firing temperature. The SEM images show that the typical layered structure of kaolinite in
clay raw material begins to lose its structural hydroxyl groups and gradually transforms into metakaolinite, and this transformation
gradually deepens as the firing temperature increases. The results of the thermal expansion test of clay samples fired at different
temperatures indicate that there is a linear relationship between the dehydroxylation expansion peak of kaolinite on the first
derivative curve of thermal expansion and its original firing temperature. This linear relationship can be expressed by a formula,
i.e., A= 2278 481 7x107°T+3.337 870 9x10~. To verify the accuracy of the formula, the thermal expansion test of clay samples is
conducted using a push rod, and the calculated firing temperature is not significantly different from its original firing temperature,
which are 41°C and 35 °C, respectively. The push rod thermal expansion method can be thus used to determine the original firing
temperature of low-temperature pottery made from clay.

Conclusions Before the glass phase formation temperature, kaolinite in the sample could lose the hydroxyl group in its structure and
gradually transform into metakaolinite as the firing temperature increases, thus causing the expansion of the thermal expansion curve.
The intensity of the thermal expansion peak of kaolinite dehydroxylation gradually decreased as the firing temperature increased. The
first-order derivatives of the thermal expansion curves of the samples fired at different temperatures were taken, fiting the kaolinite
dehydroxylation peak. This linear relationship with the firing temperature could be expressed by a formula, i.e., A= —2.278 481 7X
107°T+3.337 870 9X 10~°. The clay samples fired at 550 ‘C and 650 ‘C were used for the thermal expansion curves, respectively. The
clay samples fired at 550 ‘C and 650 ‘C were used to verify the reasonableness of the fitting formula. It was indicated that the firing
temperature of low-temperature pottery made of clay could be determined by the top bar thermal expansion method.

Keywords top rod thermal expansion method; low temperature pottery; firing temperature; kaolinite; first-order guide



