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Extended Abstract

Introduction

Petrochemical industries represent one of the primary sources of industrial wastewater, containing complex and
hazardous compounds such as aromatic hydrocarbons, phenols, and heavy metals, with chemical oxygen demand (COD)
typically ranging from 500 to 74,800 mg/L. These pollutants not only pose a severe threat to aquatic ecosystems but also
render conventional treatment methods like sedimentation and filtration ineffective. In recent years, adsorption has
emerged as a promising technique due to its operational cost-effectiveness, flexibility, and environmental compatibility.
However, selecting an appropriate adsorbent based on wastewater physicochemical characteristics and operational
conditions remains a critical challenge. This study aims to evaluate the performance of organic (pomegranate peel-
derived activated carbon), inorganic (nanosilica), and hybrid adsorbents in reducing COD from petrochemical
wastewater, coupled with kinetic modeling of the adsorption process.

Materials and Methods

In this study, organic adsorbents were prepared from pomegranate peels activated with 98% sulfuric acid, while inorganic
adsorbents (nanosilica, >99.3% purity) were procured from Merck. The hybrid adsorbent was synthesized at a 1:1 ratio
of organic to inorganic components. Adsorbent characteristics were determined using BET and EDX analyses, revealing
specific surface areas of 748 m?*g for the organic adsorbent and 140 m?*g for the nanosilica. Batch adsorption
experiments were conducted at laboratory scale with adsorbent doses of 2 and 4 g/L, contact times of 20, 40, and 60
minutes, and neutral pH (7.0). Key parameters including COD, turbidity, nitrate, sulfide, TSS, and TDS were measured
following ASTM standard methods. Data were analyzed using SAS software and ANOVA. Three kinetic models—
pseudo-first-order, pseudo-second-order, and Elovich—were employed to elucidate the adsorption mechanism.

Results and Discussion

The hybrid adsorbent CA4 demonstrated superior performance with 48% COD removal efficiency, attributed to the
synergistic effects of the organic component (high adsorption capacity) and inorganic component (structural stability).
Increasing contact time from 20 to 60 minutes enhanced removal efficiency by 1.5-fold. The pseudo-first-order kinetic
model (R? = 0.94) exhibited the best fit with experimental data, suggesting a physiochemical adsorption mechanism. pH
studies revealed neutral conditions (pH 7) as optimal due to minimized ionic competition and adsorbent stability, while
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acidic (HsO" competition) and alkaline (OH™ electrostatic repulsion) environments reduced efficiency. EDX analysis
confirmed the critical roles of silicon (22.8%) in the inorganic adsorbent and carbon (72.3%) in the organic adsorbent.
Comparative analysis indicated that the hybrid CA4, despite its low production cost, achieved comparable performance
to commercial activated carbon.

Conclusion

This study highlights the hybrid adsorbent CA4 as a viable solution for petrochemical wastewater treatment, achieving
48% COD removal under optimized conditions (pH 7, 60 minutes, 4 g/L). The use of waste-derived materials
(pomegranate peels) significantly reduced production costs, while the adsorbent retained 80% of its initial efficiency
after five regeneration cycles, underscoring its economic feasibility for industrial applications. Limitations include
variability in adsorbent physicochemical properties and the need for comprehensive economic-environmental
assessments. Future research should focus on nanostructural optimization, temperature/salinity effects, and functional
group modifications to enhance performance. Integrating CA4 with advanced processes like Fenton oxidation could
further improve compliance with discharge standards.
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Fig 2. Comparison of mean COD values across different contact times
(dissimilar letters indicate statistically significant differences at p<0.05 according to ANOVA)
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Fig 3. Comparison of mean COD values at different pH levels
(dissimilar letters indicate statistically significant differences at p < 0.05 by ANOVA)
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Fig 4. Pseudo-first-order kinetic model plot
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Table 5. Calculated parameters of the pseudo-second-order kinetic model
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Table 7. Comparison of different adsorbents' COD removal efficiency and optimal operational conditions"
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