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Abstract

Water remediation is an essential component of sustainable development. The increasing
global population and rapid industrialization have contributed to the deterioration of water
resources. Various organic pollutants found in industrial effluents pose a severe threat to
environmental sustainability. Phenol is one of the most prevalent impurities, which has shifted
the focus of researchers on the approaches for its efficient removal from aqueous solutions.
Phenol, mainly found in industrial effluents, has adverse effects on ecosystems; hence,
effective remediation strategies are necessary to address this issue. Carbon-based adsorbents
have emerged as a promising solution in recent years owing to adsorbent efficiency in
removing phenol from water, thereby offering a strategic solution for phenol adsorption and
promoting sustainable water management. This dissertation underscores the potential

applications of engineered carbon-based adsorbents for the effective adsorption of phenol.

In this scenario, graphene oxide (GO), magnetic graphene oxide (MGO), graphene aerogel
(GA), and a novel hybrid aerogel (GO/CNTSs) formed from GO and spent catalyst-generated
carbon nanotubes (CNTs) were employed for the removal of phenol from water. All four
adsorbents were assessed for phenol adsorption from wastewater, with both GA (404 m?/g) and
GOJ/CNTs (545.2 m?/g) exhibiting outstanding potential for the adsorption of phenol (141 mg/g
and 204 mg/qg, respectively) as compared to powdered forms (108 mg/g for GO and 47 mg/g
for MGO).

Another approach was followed to produce the advanced carbon adsorbents via pyrolysis from
the various waste materials, i.e., cow-dung, computer motherboard, and tyre. Synthesized
activated carbon produced from different wastes exhibited specific surface area in this order
viz cow-dung derived activated carbon (CDAC) (1146 m?/g) > e-waste derived activated
carbon (EAC) (930 m?/g) > tyre derived activated carbon (TAC) (719 m?/g). CDAC showed
higher adsorption efficiency for phenol in a batch process (518 mg/g), followed by EAC (196
mg/g) and TAC (160 mg/g). CDAC adsorbent that showed enhanced adsorption capacity in the
batch process was further utilized for continuous phenol adsorption in the column and exhibited
46 mg/g adsorption capacity, which was comparatively lower (only 8.8 %) than the batch

process.

To further enhance the phenol adsorption capacity and to remove the adsorbents from

wastewater, the derived activated carbon was efficiently converted into aerogel form via a
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drying process. The process parameters (bed height, initial concentration of phenol, and flow
rate) in column adsorption were optimized. EAC aerogel showed 130 mg/g adsorption

efficiency in the column and retained ~90% of its efficiency compared to the batch process.

After successful implications of phenol removal from wastewater at the lab scale, the efficacy
of synthesized adsorbent was further explored in petrochemical refinery wastewater treatment.
In this regard, oily sludge from the refinery was used to synthesize the activated carbon. The
activated carbon derived from oily sludge (OSAC) activated at 1073 K showed the highest
adsorption capacity for phenol (527 mg/g) with around >90% phenol removal from refinery
wastewater. Besides phenol, 24 other water quality parameters such as Iron, Nitrite, Hydrazine,
Turbidity, COD, Fluoride, Ammonia, Sulphide, Alkalinity, Dissolved Oxygen, Cyanide, Ortho
phosphate, Total Phosphate, Calcium Hardness, pH, Total Hardness, Sulphate, Chloride,
Chlorine, Conductivity, Total Dissolved Solids, and Total Suspended Solids were also
assessed. The synthesized adsorbents were recycled in five cycles. The discharge of
contaminated adsorbent was done in the environment as per the USEPA standards, addressing

the leaching property of the adsorbent.

Plausible adsorption mechanisms were further examined to validate the varying adsorption
efficacy of the synthesized adsorbents. The adsorption data was fitted into the isotherm models
to study the adsorption mechanism and interaction between adsorbate and adsorbent. Further,
to determine the rate-limiting stage of adsorption, kinetic data were fitted into Pseudo-first-
order, Pseudo-second order, Elovich, and Intra-particle diffusion kinetic models. RSM-CCD
analysis was conducted to optimize the adsorption process parameters, which were further

validated by statistical analysis.

A detailed analysis of the environmental impact of laboratory-scale production and application
of CDAC and OSAC for phenol adsorption was done, delineating the experimental procedures
and results and examining adsorption capacities and carbon characteristics. Utilizing a
systematic life cycle assessment (LCA) approach, environmental impact throughout the
activated carbon production lifecycle was accomplished. Overall, this dissertation deals with
the efficient synthesis of different carbon-based adsorbents to effectively remove phenol from

water and wastewater.
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Graphical Abstract

Wastewater purification using the waste derived carbon:
“Discard to Delight”
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This graphical abstract shows the different mechanisms of adsorption of pollutants onto the waste-

derived carbon-based adsorbents in wastewater treatment, achieving the aim of “Discard to Delight.”

This art was awarded the “Jo Underhill IMB Art Award 2023 of The University of Queensland
Australia under the “People’s choice Award” category on 8" December 2023 at the Institute for
Molecular Bioscience, The University of Queensland Australia.
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