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Abstract:

This study aimed to evaluate the efficiency of zinc oxide nanoparticles (Zn0) for the removal of methylene blue
dye (C;6H,5CIN;S) from aqueous solutions using a batch adsorption system. The residual dye concentration was
determined by measuring the absorbance at 664 nmusing UV—visible spectrophotometry. A linear calibration
curve was obtained with a high correlation coefficient (R? = 0.9999 ), confirming the reliability of the analytical
method within the studied concentration range. The effects of key operational parameters, including contact time,
ZnO dosage, initial dye concentration, and solution pH, were investigated. Control experiments, adsorption
isotherms, kinetic models, and nanoparticle characterization were also included to support the evaluation of the
removal process.

The results showed that ZnO nanoparticles achieved a removal efficiency of 90.60%at an initial methylene blue
concentration of 10 mg/L, ZnO dosage of 0.5 g /L, pH = 7, and contact time of 120 min. The removal efficiency
increased to 95.20%when the ZnO dosage was raised to 1.00 g/L, while the highest removal efficiency among
the studied pH values was 93.20%at pH = 9. Adsorption equilibrium analysis indicated that the Langmuir model
provided the best fit (R? = 0.9995), with a maximum adsorption capacity of 52.72mg/g. Kinetic analysis
showed that the pseudo-second-order model described the adsorption process more appropriately
(R? = 0.9985). Characterization using XRD, FTIR, and SEM /TEM confirmed the nanoscale nature, crystalline
structure, and surface features of the ZnOparticles. Overall, the findings indicate that ZnO nanoparticles are an
effective material for removing methylene blue from aqueous solutions under the studied conditions.

Keywords: Methylene blue; zinc oxide nanoparticles; adsorption; aqueous solutions; Langmuir model;
adsorption kinetics.
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