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Thermal properties and fractal description of 70%Si-Al alloy

YU Kun, YANG Jun, CHEN Fu-wen, CAI Zhi-yong, TAN Xin, LI Chao

(School of Materials Science and Engineering, Central South University, Changsha 410083, China )

Abstract: The fractal description was applied to 70%Si-Al alloy to analyze the relationships between the thermal
properties and the microstructures. The fractal character of different sizes of Si phase was researched. The results show
that the microstructures of 70%Si-Al reveal a self-similar irregular interface structure and possess typical fractal character.
Both the calculated box-counting fractal dimension and mass fractal dimension acquire the similar behaviors. The fractal
dimension values of the microstructures decrease when the Si size changes from 45 pm to 75 um. And the thermal

conductivity of 70%Si-Al alloy increases but the coefficient of thermal expansion changes slightly with decreasing fractal

dimension values.
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Fig.1 Microstructures ((a), (c)) and feature extraction graphs ((b), (d)) of 70%Si-Al alloy: (a), (b) Average size of Si phase of 45 um;
(c), (d) Average size of Si phase of 75 um
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Fig.2 Linear regression curves of 70%Si-Al alloy calculated Fig.3 Linear regression curves of 70%Si-Al alloy calculated
by box counting dimension by mass dimension
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Table 1 Fractal values of 70%Si-Al and relationship between thermal conductivity and thermal expansion

Size of Relative Box-counting Mass fractal Thermal conductivity/ alK™!
Si phase/um density/% dimension dimension (Wm K™ 100 °C 400 °C
45 98.3 1.78 1.83 115 57X10° 8.1X10°

75 99.5 1.68 1.79 120 55X10° 6.9X10°°
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