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Abstract:

This study focuses on upgrading the atmospheric distillation residues from
the Al-Kasik refinery into higher-value products through two main pathways:
direct thermal cracking and co-pyrolysis with polypropylene waste (originating
from cement industry bags). The thermal processes were conducted at different
temperatures (400-500°C), various durations (30—120 ) minutes, and multiple
heating rates ( 30—50) °C/min. The results showed that the optimal conditions
for producing upgraded liquid fuel were at 400 °C for 90 minutes with a heating
rate of 40°C/min, for both individual and co-thermal cracking. Under these
conditions, the American Petroleum Institute (API) gravity of the resulting fuel
reached 35.30 °and increased to 37.21 °, when 10% polypropylene waste was
added. The upgraded fuels were analyzed using proton nuclear magnetic
resonance (‘H NMR), gas chromatography-mass spectrometry (GC-MS), and
elemental analysis (CHNSO). The results revealed that the resulting fuels had
high paraffinic content compared to aromatics and exhibited similar, making
them suitable feedstocks for the conventional refineries. Blending the produced
fuels with raw atmospheric residue further improved its fuel properties. The
solid byproduct (coke) from both pathways was utilized to produce activated
carbons via chemical activation using potassium hydroxide. Optimal activated
carbons were obtained at a 1:1 ratio of KOH to coke, activation temperature of
750°C for 1 hour. The activated carbon produced from the coke had a surface
area of 381.20 m?/g, while its copper oxide nanocomposite had a surface area of
426.35 m?/g. The prepared adsorbents demonstrated high efficiency in removing
dibenzothiophene from model kerosene (up to 99% removal) and lower
efficiency with real gasoline due to the complexity of sulfur compounds.
However, the elimination efficiency improved with increasing the adsorbent
dosage. Adsorption behavior of dibenzothiophene followed the Freundlich and
Langmuir isotherm models, indicating multilayer and monolayer adsorption,

respectively. The spdiue-2nd-order model of kinetics best described the



adsorption of dibenzothiophene over the produced adsorbents. The materials
were also regenerable and retained high performance after five reuse cycles. In
conclusion, both thermal cracking and co-pyrolysis effectively convert low-
value residue into upgraded liquid fuels and high-performance adsorbents

suitable for desulfurization applications.
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