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Abstract — Recent interest in solar fluidized bed receivers (SFBR) for preheating gases at medium to low temperatures
has been growing attention toward enhancing their energy efficiency by utilizing carbon nanotubes (CNTs) as particle
materials. To enable the application of CNT powders, which are challenging to fluidize, in the SFBR, a microbead
fabrication method has been proposed. The method involves the use of m-cresol as a dispersant, mechanical agitation
for micro-scale beads formation, and removing the residual m-cresol on the surface of primary agglomerates to prevent
re-agglomeration. Among various techniques, microbeads formed by removing surface dispersants using water and
cresol-absorption exhibited an average particle size of 363 um and an apparent density of 251 kg/m?, classifying them as
Geldart A particles with excellent fluidization properties. The fabricated microbeads demonstrated high thermal
capacity (1,039 J/kg-K) and solar energy absorption efficiency (98.78%), indicating their suitability for SFBRs. The
microbeads showed a low angle of repose (33.8°), corresponding to a free-flowing group. Fluidization experiments
conducted using a cold-flow fluidized bed model (50 mm [.D. x 1000 mm height) revealed a lower minimum fluidization
velocity (0.056 m/s) compared to CNT powders and conventionally fabricated microbeads fabricated, confirming their
applicability to SFBRs.
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Fig. 1. Scanning electron microscopy of multi-walled carbon nano-
tube.
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Fig. 2. Flow diagram of preparation process of CNT microbeads.
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Fig. 4. Magnified images of CNT microbeads: (a) case I, (b) case II, (¢) case III, (d) case IV.
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Fig. 5. Scanning electron microscopy images of CNT microbeads: (a) MWCNT, (b) case I, (c) case II, (d) case III, (e) case IV.

Table 1. Physical properties of multiwalled carbon nanotube and prepared microbeads

Type MWCNT Case | Case 11 Case 111 Case IV
Bulk density [kg/m] 19 182 139.2 138 141.7
Particle apparent density, p, [kg/m’] 31 286 266 249 251
Particle diameter, d,, [um] 998 921 440 385 362
Sphericity [] 0.6 0.876 0.870 0.867 0.877
Solidity [-] 0.825 0.945 0.932 0.950° 0.960
Heat capacity, C, [J/kg'K] 721 979 1,200 957 1,039
Reflectivity® (wavelength: 400-2000 nm) [%] 0.53 1.22 1.48 1.28 1.42
DReflectivity = 1 — absorptivity
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Fig. 9. Effect of gas velocity on pressure drop across beds of CNT
powder and prepared carbon.
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