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Abstract : Various solar hybrid energy conversion processes, which have both the advantages of renewable energy sources and
fossil energy sources, have been developed in the world because stable and predictable energy supplies, such as electricity and
natural gas, are necessary for modern societies. In particular, a solar hybrid energy conversion process based on a dual fluidized
bed process concept has been expected as the promising solution for sustainable energy supply via thermochemical conversions,
such as pyrolysis, combustion, gasification, and so on, because solar thermal energy could be captured and stored in fluidized bed
materials. Therefore, the attrition and heat transfer characteristics of silicon carbide and alumina particles used for fluidized bed
materials for the solar hybrid energy conversion process were studied in an ASTM D5757 reactor and a bubbling fluidized bed
reactor with 0.14m diameter and 2m height. These characteristics of novel fluidized bed materials were compared with those of
sand particles which have widely been used as a fluidized bed material in various commercial fluidized bed reactors. The attrition
resistances of silicon carbide and alumina particles were higher than those of sand particles while the average values of heat
transfer coefficient in the bubbling fluidized bed reactor were in the range of 125 ~ 152 W m2K™".
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Figure 1. ASTM D5757 reactor.
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Figure 2. A bubbling fluidized bed reactor.
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Table 1. Physical properties of SiO,, SiC, Al,O5
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Property SiO, SiC AlLOs
Mean size (um) 182 315 310
Melting point (C) 1903 2730 2072
Boiling point () 2590 N/A 2977
Molecular wt (g mol™) 60.08 40.11 101.96
Density (g cm™) 2.17-2.65 3.0-3.2 3.4-4.1
Hardness (MPa) 4500-9500 15710 25500
Poisson’s ratio (-) 0.17 0.15-0.21 0.22-0.24
Compressive strength (MPa) 1100-1600 2780-3900 1920-2750
Elastic modulus (GPa) 73 370-490 220-370
Specific heat capacity (J kg'K™) 480-730 670-1180 870-940
Thermal conductivity (W m™'K™") 1.3-1.5 120-170 14-30
Thermal expansion (10° K™) 0.55-0.75 4.0-4.5 6.7-8.2

(a) Sand

Figure 3. Photographs of fluidized bed materials.
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Figure 5. Cumulative weights of fine particles emitted the ASTM
D5757-95 reactor.
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