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Abstract:

Lignocellulosic agricultural residues have emerged as one of the
most important renewable resources that have attracted increasing
attention over recent decades due to their abundance, low cost, and
potential for conversion into high-value products. Among these residues,
cotton stalks represent a significant agricultural by-product that is often
disposed of through unsustainable practices, resulting in the loss of a
valuable cellulose-rich resource and causing various environmental
concerns. Accordingly, the present study aimed to develop an integrated
approach for the evaluation of cotton stalk waste through its conversion
into two strategic products, namely cellulose acetate and bioethanol.
Furthermore, the produced bioethanol was utilized to improve gasoline
quality through the preparation of ethanol-gasoline blends and the
evaluation of their fuel properties.

The first part of the study focused on the extraction of cellulose

from cotton stalks and the removal of non-cellulosic components,
including lignin, hemicellulose, and other impurities, through a series of
appropriate chemical treatments. These treatments enabled the production
of highly purified cellulose suitable as a precursor for the synthesis of
value-added cellulose derivatives. Following isolation and purification, a
bleaching step was carried out to control the structural characteristics of
cellulose and enhance its reactivity. Subsequently, an acetylation process
was performed to convert cellulose into cellulose acetate. The resulting
biopolymer exhibited high purity and structural characteristics suitable
for various industrial applications. To confirm the success of the
synthesis process and characterize the chemical structure of the obtained
polymer, a comprehensive set of advanced analytical techniques was
employed. Nuclear magnetic resonance ('"H and *C NMR) spectroscopy
were used to verify the occurrence of acetylation and identify the
functional groups present within the polymer structure. Elemental
analysis (CHNS) was conducted to determine the elemental composition
of the synthesized polymer and compare it with theoretical values. In
addition, the molecular weight and molecular weight distribution were
determined using Gel Permeation Chromatography (GPC), confirming
the successful conversion process while maintaining the desired
molecular characteristics. The thermal stability of the prepared polymer
was evaluated using Thermogravimetric Analysis (TGA), and the results
demonstrated that the synthesized cellulose acetate possessed good
thermal stability within the relevant operating temperature range.
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Furthermore, Scanning Electron Microscopy (SEM) was utilized to
investigate the surface morphology of the prepared material, revealing
significant surface modifications resulting from the treatment and
acetylation processes. X-ray Diffraction (XRD) analysis was also
employed to examine the crystalline structure and structural
transformations associated with the chemical conversion of cellulose into
cellulose acetate, showing noticeable changes in crystallinity and
molecular organization.

The second part of the study was dedicated to the production of
bioethanol from cotton stalk residues through a bioconversion pathway.
This process involved acid pretreatment using both phosphoric acid and
sulfuric acid to disrupt the lignocellulosic structure of the biomass and
enhance the accessibility of cellulose and hemicellulose for subsequent
hydrolysis into fermentable sugars. The influence of acid type on the
efficiency of the conversion process was systematically investigated.
Following pretreatment, hydrolysis and fermentation processes were
carried out using the dry yeast strain Saccharomyces cerevisiae
(UCDFST:11-194) under controlled operating conditions at (32) °C, pH
(4-5), and a fermentation period of three days. These conditions were
selected as optimal for yeast growth and ethanol production.

The results demonstrated that phosphoric acid pretreatment was
more effective than sulfuric acid pretreatment in enhancing bioethanol
production. This improvement was attributed to the increased release of
fermentable sugars and the reduced formation of inhibitory compounds
during pretreatment. Biomass samples were subjected to mechanical and
chemical pretreatment using phosphoric acid (HsPO.) at concentrations of
(0.5)%, (1.0)%, and (1.5)%, respectively. The resulting bioethanol yields
after fermentation were (20.1)% (Sample 1), (37.5)% (Sample 2), and
(34.5)% (Sample 3), respectively. The highest bioethanol yield was
achieved at a phosphoric acid concentration of (1.0)%, which was
attributed to the optimal disruption of the lignocellulosic matrix, thereby
increasing cellulose accessibility and enhancing fermentable sugar
availability. In contrast, higher acid concentrations may promote partial
sugar degradation and the formation of fermentation inhibitors,
negatively affecting microbial activity and reducing ethanol production
efficiency.



The produced bioethanol was subsequently purified through
successive distillation processes and appropriate drying agents to achieve
a purity level of approximately (99)%. The purity and chemical structure
of the obtained bioethanol were confirmed using Nuclear Magnetic
Resonance (NMR) and Fourier Transform Infrared (FTIR) Spectroscopy,
which verified the successful production of high-quality bioethanol.

The third part of the study investigated the utilization of the
produced bioethanol as an oxygenated fuel additive through the
preparation of ethanol-gasoline blends. Fuel blends containing (5)%,
(7)%, and (10)% (v/v) bioethanol were prepared, and a series of standard
tests were conducted to evaluate the effect of ethanol addition on the
physicochemical properties of gasoline. The results revealed that ethanol
incorporation  significantly — improved several important fuel
characteristics, particularly the Research Octane Number (RON), which
is a key indicator of fuel resistance to engine knocking. In addition,
ethanol blending enhanced several combustion-related properties
associated with fuel performance. Among the investigated blends, the
E10 fuel blend exhibited the best overall performance, achieving a RON
value of (89) compared with (82) for conventional gasoline while
maintaining compatibility with the operational requirements of internal
combustion engines.

These findings demonstrate the potential of bioethanol produced
from cotton stalk waste as an effective oxygenated additive for gasoline,
contributing to improved fuel quality, enhanced combustion efficiency,
and reduced environmental impacts associated with conventional fossil
fuels. Overall, this study highlights the significance of adopting an
integrated biomass valorization strategy through the simultaneous
production of advanced polymeric materials and renewable biofuels from
a single feedstock. Such an approach improves the economic and
environmental sustainability of cotton stalk residues and demonstrates the
feasibility of transforming agricultural waste from an environmental
burden into a sustainable source of chemicals and energy. Furthermore,
the proposed strategy aligns with the principles of the circular economy
and sustainable development while supporting global efforts toward the
efficient utilization of renewable resources and the reduction of carbon
emissions.
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