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ABSTRACT

Towards exploring the application of natural coagulants in industrial wastewater
treatment, plant-based coagulants have been gaining more interests due to its potentials
such as biodegradability and easy availability. Hylocereus undatus foliage as the plant-
based coagulant has been proven to be efficient during the coagulation — flocculation
process; however, limited research has been reported focusing only on palm oil mill
effluent (POME) and latex concentrate wastewater. In addition, limited study has been
carried out to determine the performance evaluation of H.undatus foliage in treating
different types of wastewaters incorporating different operating conditions using
optimization techniques. Hence, this study employed response surface methodology
(RSM) in an attempt to determine the performance evaluation of the coagulant in paint
wastewater treatment, its characterization, and the mechanism that prompts the
coagulation — flocculation process. The standard jar test method was utilized in
investigating the effect of pH value, coagulant dosage, rapid mixing speed and
temperature as the operating conditions on turbidity, chemical oxygen demand (COD)
and suspended solids (SS). Through central composite design (CCD) via Design Expert
software, the optimum conditions were achieved at pH 5, coagulant dosage of 300
mg/L, rapid mixing speed of 120 rpm and temperature at 30°C. The experimental data
was observed to be close to the model predictions with the optimum turbidity, COD and
SS removal efficiencies at 62.81%, 59.57% and 57.23%, respectively. Rather, the final
turbidity, COD, and SS are 28,700, 36,000, and 680 mg/L, respectively. The increase
of the zeta potential value from — 21.9 to — 1.33 experienced by the paint wastewater
and the recovered sludge at optimum condition demonstrated the effectiveness of
H.undatus foliage, with magnitude charge of +1.03mV, as perceived of possessing
sufficient H" ions, typically in cationic coagulants, in prompting charge neutralization
mechanism during coagulation process. Moreover, the FTIR spectroscopy disclosed the
presence of carbonyl, carboxyl, amides, and amines groups which contributed to both
particle bridging and charge neutralization mechanisms. Meanwhile, SEM-EDX
analysis showed rough and porous structure of the foliage which was suitable for the
coagulation — flocculation process. The foliage contained 68.95% of carbon
composition that acts as a binding agent, and metallic compounds like potassium,
calcium, magnesium, and aluminium. Thermographic profiles analysis revealed that
two distinctive zones were observed for the H.undatus foliage and the sludge, indicating
the degradation of carbohydrates and lipids in the first zone at 0.45 mg/min followed
by the degradation of proteins in the second zone at 0.035mg/min. However, a single
degradation zone was observed for the raw paint wastewater, indicating protein
degradation. This indicates that adsorption mechanism during the process, supported by
the high BET surface area of 0.5882 m?/g from the foliage significantly provides the
availability of higher concentration of adsorption sites for the coagulation-flocculation
process. In conclusion, H.undatus foliage demonstrated cationic coagulants behaviour
and has further proven its efficiency as a natural coagulant in treating paint wastewater.
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