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Abstract

The problem of water pollution due to the accumulation of heavy metals has been in trend from a
long period of time. Heavy metals are the group of pollutants that have drawn extensive attention
during recent years due to high-level toxicity, even at low concentrations. The main concern rises
due to their non-decomposable nature, and they start getting accumulated in the organisms. So,
even at their lowest concentrations, their presence in water poses a threat to humans and
ecosystems. The main source of heavy metal contamination in waster is due to the disposal of
industrial effluents without proper treatment. Many treatment technologies like ion-exchange,
electrochemical methods, membrane filtration, photocatalysis and nanotechnology have been
developed in order to treat wastewater but these technologies need high cost of installation along
with high maintenance. Of all the technologies reported, adsorption has proved to be a versatile
and affordable method for the treatment of wastewater. There has also been reports of low-cost
adsorbents developed from wastes, naturally occurring soils, mineral deposits, aquatic and
terrestrial biomasses that successfully removed heavy metals from wastewater. In addition to them,
biochars have also proved to be highly efficient and low-cost adsorbents to treat heavy metals.
Biochar is basically a carbonized product formed by the pyrolysis of raw biomass at a temperature
of around 300-700°C. Different feedstocks are utilized to produce biochars; however, wood
biochars are reported to be efficient in terms of its characteristics, produce a better yield of biochar,
easily producible, cost-efficient and so, are in trend. This study takes into account two different
types of wood feedstocks, neem wood (N) and old furniture waste wood (OF) and analyses them
at two different pyrolysis temperatures based on their yield. The study initially analyses the trend
and direction of research in this field using bibliometric analysis conducted with the help of

VOSviewer. After preparation, grinding, washing and storing the biochars, they are then subjected

Vi



to different characterization techniques in order to understand the properties and their applicability
in different fields of study. In this context, characterization techniques like BET, TGA, SEM/EDX,
FTIR and elemental analysis were conducted and the properties of the biochars analyzed from the
characterization techniques gave an idea of their applicability as adsorbents. In this study, the
biochars are utilised for the remediation of toxic heavy metal species from industrial wastewater.
In this context, out of the most toxic and hazardous group of heavy metals, three toxic heavy metal
species, As, Cr and Pb have been considered for this study. Four biochars, N300, N500, OF300,
OF500 and a composite (N-OF) were considered for this study. The biochars were analysed for
their efficiencies using batch studies using synthetic wastewater and the parameters analysed using
kinetics, thermodynamics and intraparticle diffusion studies. Of the four individual biochars, N500
showed the best removal efficiencies of 94.71% for As, 96.4% for Cr and 83.62% for Pb at
different ranges of adsorbent dosage, pH and initial concentration. The results showed comparable
outcomes for the biochar composite (N-OF), which was then considered for the continuous column
studies that mimicked the performance in field conditions. The column study was further
considered to analyse the effect of adsorbent bed shape, and two adsorbent beds (vertical and series
horizontal) were designed and tested with industrial wastewater to evaluate their performance
using real-time wastewater. The analysis also took into account the effect of flow direction in
understanding the efficiency of removing heavy metals in a continuous column system. The
column study showed that the efficiency of the biochars reduced when the system was subjected
to continuous flow mode and an efficiency of 54.3% for As, 44.72% for Cr and 60.13% for Pb was
recorded against batch efficiencies of 94.4% for As, 89.96% for Cr and 78.32% for Pb. The Kkinetics
showed that the adsorption followed the pseudo second order while the pseudo first-order also

showed a good fit, indicating the process being dominated by physico-chemisorption of the ions
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into the adsorbents. The intraparticle diffusion analysis also hinted at film diffusion being
predominant over particle diffusion. The column models, however, showed that BDST model fits
well with the experimental data for the adsorption of As, Cr and Pb. The effect of bed height was
studied in order to understand the removal process with the increase or decrease in bed height.
Also, the series horizontal column showed better efficiency than the vertical bed column when
tested with industrial wastewater. In terms of flow direction, the upward flow of the adsorbate
through the adsorbent bed showed better efficiency in removing As, Cr and Pb from industrial
wastewater. The analysis of removal by the ETP present at the industry showed that the ETP was
not capable of removing the metal ions from water efficiently. The desorption and regeneration
studies showed that the efficiency of the biochars decreased after the 2" cycle of regeneration.
Hence, after the utilisation of the biochars, the spent biochars were also studied for their disposal.
The spent biochars were further pyrolyzed, which led to the reduction in their mass, and they were
infused in concrete and soil. The addition of the spent biochar in concrete did not hamper the
strength of the concrete, and the soil structures found application in decorative items for household
purposes, which, in a way, reduced the probability of contamination that could have otherwise

arisen due to open disposal.
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