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Extended Abstract 

Introduction 

The discharge of industrial wastewater containing heavy metals, such as copper, poses significant 

environmental and health risks due to their toxicity, persistence, and bioaccumulation in ecosystems. Traditional 

methods for removing heavy metals from wastewater, including chemical precipitation, coagulation, and ion 

exchange, are often costly, inefficient, or generate secondary pollutants. Adsorption has emerged as a promising 

alternative due to its simplicity, cost-effectiveness, and high efficiency. In this study, a novel nanocomposite 

adsorbent, zinc oxide nanoparticles supported on graphene oxide (ZnO/GO), was developed for the removal of 

copper ions from electroplating wastewater. The adsorbent was characterized, and its performance was 

evaluated under various experimental conditions. 

 

Materials and Method 

Graphene oxide (GO) was synthesized using a modified Hummers' method, and its structure was confirmed by 

FTIR spectroscopy and SEM imaging. Zinc oxide nanoparticles were immobilized on GO to create the ZnO/GO 

nanocomposite. Batch adsorption experiments were conducted to optimize parameters such as pH, initial copper 

concentration, contact time, adsorbent dosage, and temperature. The adsorption capacity and efficiency of the 

nanocomposite were evaluated using simulated and real industrial wastewater samples. Isotherm, kinetic, and 

thermodynamic studies were performed to elucidate the adsorption mechanism. 

 

Results and Discussion 

The ZnO/GO nanocomposite exhibited a high adsorption capacity for copper ions, with a maximum removal 

efficiency of 89.77% achieved at pH 7, using 0.5 g of adsorbent, a contact time of 30 minutes, and an initial 

copper concentration of 200 mg/L at 20°C. The adsorption process followed pseudo-second-order kinetics, 

indicating chemisorption as the rate-limiting step. The Freundlich isotherm model best described the adsorption 
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behavior, suggesting heterogeneous surface adsorption. Thermodynamic analysis revealed that the adsorption 

process was spontaneous and exothermic, with an enthalpy change (ΔH) of -6361.21 J/mol. The nanocomposite 

demonstrated excellent performance in removing copper from both simulated and real industrial wastewater, 

achieving a removal efficiency of up to 99.95%. 

 

Conclusion 

The ZnO/GO nanocomposite proved to be an effective, low-cost, and environmentally friendly adsorbent for 

the removal of copper ions from electroplating wastewater. Its high adsorption capacity, rapid kinetics, and ease 

of synthesis make it a promising candidate for industrial wastewater treatment. The study highlights the 

potential of graphene-based nanocomposites for the efficient removal of heavy metals, contributing to 

sustainable water management practices. 
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