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ABSTRACT

The contamination of wastewater with dyes from the textile and printing industries is
a significant environmental issue, as most synthetic dyes have stable structures and are
difficult to degrade in typical environmental conditions. This leads to persistent contamination
in water sources. The development of highly efficient and environmentally friendly adsorbents
is therefore a crucial approach to address this problem. This research aims to investigate the
optimal conditions for the adsorption of Reactive Black 5 (RB5) dye using a composite film
developed from pectin extracted from pomelo peel and clay mineral modified with the
surfactant tetradecyl trimethyl ammonium bromide (TTAB) to enhance adsorption efficiency.
The experimental study was conducted by analyzing factors that affect adsorption efficiency,
including contact time 0-240 minutes, initial pH of the solution 2, 3, 5, 7, and 10, system
temperature 35, 45, and 55°C, and initial dye concentration 100-300 mg/L. The results
indicated that the optimal conditions for RB5 dye adsorption were a temperature of 35°C, pH
of 10, contact time of 240 minutes, and an initial dye concentration of 300 mg/L. Under these
conditions, the composite film could adsorb a maximum of 44.167 mg of dye per gram of
adsorbent. The adsorption kinetics study revealed that the pseudo-second-order model could
accurately describe the adsorption behavior, with an R? value close to 1, which was higher
than the pseudo-first-order model. This suggests that the adsorption process is primarily
controlled by charge exchange and chemical bonding. Additionally, the relationship between
the amount of dye adsorbed and its concentration followed the Langmuir isotherm, indicating
that adsorption occurred in a monolayer on the surface of the composite film. For desorption,
the composite film was reused with a sodium hydroxide desorbent. It was found that the film
could be reused once, but adsorption efficiency continuously decreased in the second and
third cycles. The film deteriorated and broke down in the fourth cycle, likely due to the
corrosive effect of the desorbent on the film structure. Further studies should explore the use
of milder desorbent agents to reduce damage to the film structure and increase the number

of reusable cycles in the future.



