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Abstract

Industrial wastewater contains hazardous pollutants such as dyes, heavy metals, and
cyanides, confributing significantly to global water contamination and associated health
risks. Conventional activated charcoal, though widely used, has limited adsorption capacity
and poor reusability. In this study, a high-efficiency tri-composite adsorbent was developed
using pyrolytic carbon fibre (PCF) integrated with graphene oxide and iron particles. The
resulting PCF-GO-Fe composite demonstrates markedly superior pollutant removal across
diverse contaminants. Plant dye effluents from a Steel Plant are removed nine times more
effectively than with activated charcoal, while methylene blue removal improves fourfold.
For inorganic toxins, cyanide and chromium removal efficiencies increase by fourfold and
1.4-fold, respectively, and arsenic removal is enhanced by an exceptional thirty-eight times.
Reusability tests show sustained performance across three tfreatment cycles. Overall, the
composite offers a powerful and sustainable alternative to activated charcoal for advanced
industrial wastewater purification.
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Figure 1: Comparison of adsorption of methylene blue dye by fri-components composite of, PCF
composite comprising GO-Iron-CF (CF-FC-GO) with respect to carbon fibre (CF) and SEM image of
CF-FC-GO.
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