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Abstract

The use of photothermal technology in water treatment involves converting light
energy into thermal energy using light-absorbing materials named photothermal
materials. This process heats the water and enhances its surface evaporation with high

efficiency, followed by condensation and recovery of the generated steam.

This work aims to investigate the feasibility of using a photothermal material
primarily composed of activated carbon (AC) derived from palm waste. The structural
integrity of the AC layer was improved by blending it with a calcium-ion-crosslinked
biopolymer. Laboratory experiments were conducted to evaluate several factors
affecting the material's performance during the photothermal evaporation process.
Preliminary results showed that the photothermal effect increased the water
evaporation rate by approximately fivefold under artificial light and sixfold under
sunlight. The surface temperature of the photothermal material reached approximately
43.1°C under sunlight and 42.8°C under artificial light. In contrast, the water
temperature did not exceed 34°C during natural evaporation. Regarding the influence
of certain experimental parameters, the use of a 0.4 g mass of AC vyielded the best
performance, while variations in the concentration of calcium chloride (CacCl,),
showed no significant effect on evaporation performance, but SEM-EDX and FTIR
characterization proved that the presence of Ca?* ions contributes to crosslinking and
strengthening the polymer structure of AG. Increasing the AG concentration up to 20
g.L? improves the performance of the photothermal model. On the other hand,
increasing the concentration of NaCl salt in the evaporated water has only a slight
effect on the performance of the process. Through several recycling tests,

photothermal material demonstrated acceptable stability and performance.

These results highlight the effectiveness of photothermal material derived from local
agricultural waste as a promising, cost-effective, and environmentally sustainable

alternative for developing renewable energy-based water treatment systems.

Keywords: Plant waste, Photothermal materials, Solar-driven interfacial evaporation,

Interfacial water evaporation, Stagnant water.
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