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Abstract:

Solid biowastes are among the most dangerous pollutants that threaten the
ecosystem due to their biodegradation, resulting in unwanted products. As such,
exploiting such solid wastes and converting them into more valuable products is
an energetic target. Accordingly, a blend of locally available solid biowastes
was implemented in the production of super surface area activated carbon (AC)
utilizing the ZnCl,-activation route through optimizing the experimental
parameters that led to the production of this AC, including the amount of ratio of
ZnCl,: blend, activation temperature, and the activation period. The super
surface area AC was produced using 1.5:1 ZnCl,: blend molar ratio at 600 °C
for 1h. Multiple techniques, like XRD, BET surfacer area based on N
adsorption-desorption isotherms at 77 K, pore size distribution, FESEM, EDX,
and FTIR, were implemented to characterize the texture structure besides the
chemical and morphological features of the resulting AC.

Copper oxide nanoparticles (NPs) were chemically synthesized via the
precipitation method. Then, they utilized in synthesizing AC-CuO NPs
composite after selecting the best conditions that resulted in the synthesis of the
typical composite, like the loading amount (wt.%) of CuO NPs on the AC
besides the calcination temperature. The best AC-CuO NPs composite was
synthesized by loading 5.0 wt.% of CuO NPs on the as-prepared AC and a
calcination temperature of 150 °C. Besides TEM, the same techniques were
applied to characterize the texture structure and chemical and morphological
features of the resulting composite.

Both the AC and its derived composite were implemented in the adsorptive
desulfurization (ADS) of dibenzothiophene (DBT) from model kerosene and S-
compounds from commercial kerosene by exploring the experimental conditions
that will achieve the maximum ADS performance, including the initial
concentration of the S-compound in the model, the amount of the adsorbent
used, the ADS temperature, and the duration of the ADS process.

Regarding the ADS of S-compound from model kerosene, the highest
performance (> 99.0 %) was achieved using a model containing 300 ppm of
DBT at 25 °C for 60 min using 0.40 g of the AC, while the ADS % of DBT
using the AC-CuO NPs composite was nearly 100 % using 0.35 g of the
composite at 25 °C for 50 min. The ADS of S-compounds from commercial
kerosene, which contains higher concentration and more complicated types of S-



compounds employing both the AC and its derived composite, was much below
those established for DBT elimination from the model. As we said formerly,
such an outcome was expected due to the complicated structure of S-compounds
in the real kerosene compared with the model.

The adsorption results of DBT from model kerosene using both adsorbents were
analyzed using the most common adsorption isotherms (Langmuir, Freundlich,
and Temkin) in addition to the analysis of these results using the most known
models of adsorption kinetics viz. the pseudo-1%-order, pseudo-2"4-order, and
intra-particle diffusion model, demonstrating that mono-layer adsorption on a
homogenous surface besides chemisorption and electrostatic attractions between
the DBT species and the adsorbents surfaces were involved. Also, the
thermodynamic functions (AG, AH, and AS) of DBT adsorption over the said
adsorbents were investigated. The resulting outcomes suggested that the
Langmuir adsorption isotherm and the pseudo-2nd-order kinetics model best
fitted the adsorption results of DBT from model kerosene. Also, the adsorption
process of DBT by both adsorbents was spontaneous as an outcome of the -ve
value of AG.

Lastly, the spent samples of AC and AC-CuO NPs composite were regenerated
and reused for the Ads of DBT from model fuel at the typical experimental
conditions, and the outcomes suggested that the regenerated adsorbents
performed adequately even beyond five cycles of reuse.

In conclusion, it can be said that the biowaste blend used in this study proved
that it can be used as a promising precursor for the production of super surface
area AC besides producing a high surface area composite with CuO NPs, which
both disclosed a magnificent Ads performance towards the ADS process of
transportation fuel.
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