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A two—parameter prediction method for specific heat capacity

of high-temperature inorganic crystal materials
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Abstract ; High—temperature solid specific heat capacity is commonly used thermal property data in industrial process design,but it is diffi-
cult to obtain these data of solid with the temperature of thousands of degrees by actual measurement. Therefore ,many solids with complex
lattice often only have the measurement data of specific heat capacity within a limited temperature range. The Einstein and Debye mod-
els can be applied to simple mono—atomic crystals or some bi—atomic crystals for specific heat capacity prediction. However, it is difficult
to accurately obtain the Debye and Einstein temperatures of polyatomic intricate lattice solids, making it difficult for Einstein and De-
bye models to predict these solids” specific heat capacity accurately. In this paper,based on the statistical thermodynamic method,and to
determine the specific heat capacity for a solid with multiple atoms,a two—parameter prediction method for the high—temperature solid’s
specific heat capacity was proposed. In this method ,the solid lattice vibration mode is divided into acoustic and optical branches. It is as-
sumed that a single lattice cell has a unique Debye characteristic temperature @, and Einstein temperature @;.Moreover,the Debye char-
acteristic temperature @ is obtained through the basic parameters of crystallography. The Einstein temperature @, of intricate lattice solid

is calculated backward through the limited experimental data of the specific heat capacity of the solid or the thermal properties of simple
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substance. Then the solid’s theoretical specific heat capacity can be predicted utilizing these two parameters at different temperatures.The

two parameter prediction method is used to predict the specific heat capacity of typical monoatomic, diatomic and Polyatomic Crystals.

The comparison between the calculation results and the experimental data results show that the two—parameter prediction method’s error

is mainly at the temperature inflection point and the high—temperature region. The prediction error of the specific heat capacity in the wide

range of temperature range is less than 5% ,which is expected to provide a reliable and straightforward method to determine the thermal and

physical properties of solids for the process industries.

Key words: high temperature solid ; specific heat capacity ;two parameter; prediction method
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Table 1 Main parameters of different crystals
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Cu 298~1 074 145 51 1357 3505 —
MgO 298 ~3 098 151 119 3098 715.6 610
298 ~ 800 790
Al, O, 232 147 2327 576.4
900~2 327 870
298 ~400 55 42 1 040
Sio, 1953 390.3
500~2 000 55 42 1250
MgAl, O, 298~2 408 170 107 2408 447.4 735
Mg, SiO, 298~2 171 119 74 2171 380.9 745
Al,SiOs 298 ~2 000 142 89 2000 400.0 805

Mg,ALSisO;s  298~1733 122 50 1733 205.1 820
Mg;AL(SiI0,);  298~1500 160 85 1500* 283.6 760
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