














in more uniform and efficient heat propagation within the PCM, 
enabling faster charging and lowering the energy required per unit mass.

4. Conclusion

This study investigates the effect of recycled ceramic particle size on 
the thermal performance of a phase change material (RT44HC) in a 
latent heat thermal energy storage system. Recycled ceramic particles 
were categorized into three size ranges A1 (0.18–0.6 mm), A2 (0.9–1.4 
mm), and A3 (1.7–2.36 mm), and incorporated into the PCM to form 
composite samples (RC-PCMs) and compared with a PCM-based storage 
unit. Thermal behavior was characterized in a cylindrical enclosure with 
a central electrical heater operating at constant power inputs of 5.7 W 
and 6 W.

The thermal performance of RC-PCM composites strongly depends 
on the size of recycled ceramic (RC) particles. Finer particles (A1) 
exhibited higher thermal diffusivity, enabling faster heat propagation, 
more uniform temperature distribution, and reduced vertical gradients. 
This resulted in the lowest vertical temperature gradient (ΔT = 21 ◦C at 

5.7 W, ΔT = 23 ◦C at 6 W), the shortest melting time, and minimal 
overheating compared to coarser particles (A2, A3) and pure PCM. 
Medium and coarse particles showed slower heat transfer, higher 
stratification, and localized overheating. Meanwhile, pure PCM relied 
solely on conduction and convection, resulting in the slowest charging 
cycle and a higher overheating rate. Increasing input power from 5.7 W 
to 6 W accelerated melting and reduced heat loss. Overall, a balanced 
input power combined with finer ceramic particles provides the 
most efficient, stable, and reliable configuration for latent heat thermal 
energy storage systems.

Future research should focus on evaluating long-term cycling sta
bility, assessing the effects of particle shape and distribution, optimizing 
the combination of input power and RC particle characteristics, char
acterizing matrix thermal properties (e.g., specific heat and thermal 
conductivity), performing dimensionless analyses (e.g., Fourier and 
Stefan numbers) to generalize the findings, and evaluating the cost im
plications of large-scale sourcing, processing, and integration of recycled 
ceramics.

Fig. 6. Temperature profiles of the thermal storage medium during the charging cycle over time under a constant input power of 6 W: (a) A1 [0.18–0.6 mm], (b) A2 
[0.9–1.4 mm], (c) A3 [1.7–2.36 mm], and (d) R-PCM.
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