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1. Main Research Results  
1) Effects of cuspidine grain size on radiative heat transfer across mould flux for 

continuous casting 
Apparent reflectivities and transmissivities have been measured as functions of 
cuspidine grain diameter for mould fluxes having constant degrees of crystallinity. 
Samples used were two types of synthesised mould flux with the basicity of 1, one 
of which samples contained 1 mass % of Fe2O3, and the grain diameter was varied 
in the range 1 – 3.5 m. The optical measurements were carried out in the 
wavelength range 300 – 2600 nm at room temperature using a spectrophotometer 
with an integrating sphere. With increasing grain diameter, the apparent reflectivity 
tended to increase and the apparent transmissivity tended to decrease at higher 
wavelengths for iron oxide free mould fluxes: it seemed that the apparent 
reflectivity showed a maximum value and the apparent transmissivity showed a 
minimum value in the grain diameter range 2 – 3 m. In contrast, there was less 
significant dependence on grain size for mould fluxes containing iron oxides. The 
total radiative heat flux which may reach the mould from the steel shell has been 
evaluated using apparent reflectivity and transmissivity data on the basis of an 
optical process model. It has been found that the total radiative heat flux would be 
smallest in iron oxide free mould fluxes having the highest apparent reflectivity and 
the lowest apparent transmissivity at higher wavelengths. Effects of grain size on 
the radiative heat flux are smaller for mould flux containing iron oxides. 
Comparison of the total radiative heat flux with the total heat flux including 
conductive contribution suggests that control of cuspidine grain diameter would 
lead to reduction of the total heat flux by 7 – 8 % for iron oxide free mould fluxes. 
In addition, the air gap layer would affect the total heat flux more efficiently where 
the volume fraction of air in the layer exceeds 85 %. 

 
2) Thermal conductivities of Sb-Te alloys for PCM memory application 

Sb-Te alloys have drawn much attention due to the application in phase change 
memory as well as the unique properties as chalcogenide. In this work, the thermal 
conductivities of Sb-x at%Te alloys (x = 14, 25, 44, 60, 70 and 90) have been 
measured by the hot strip method from room temperature up to temperature just 
below the respective melting points. For the intermetallic compound Sb2Te3 (x = 60), 



the thermal conductivity decreases up to approximately 600 K and then increases. 
For other Sb-x at%Te alloys where x > 60, the thermal conductivities of the alloys 
decrease with increasing temperature. In contrast, for x < 60, the thermal 
conductivities of the alloys keep roughly constant up to approximately 600 K and 
then increase with increasing temperature. It is proposed that free electron 
dominates the heat transport below 600 K and ambipolar diffusion also contributes 
to the increase in the thermal conductivity at higher temperatures. The prediction 
equation from temperature and chemical composition has been proposed for 
thermal conductivities of Sb-Te alloys. 
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