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This study explores the use of Aspen Plus and NAMD as powerful tools for the
simulation and design of processes using chitosan as a component and its
functionalized derivatives. By employing these digital platforms, researchers can
effectively analyze and predict the performance potential of chitosan-derived
systems, especially in applications related to bioengineering and environmental
science. Their implementation significantly reduces the risk of errors during
synthesis and structuring, improves product yield, and facilitates further
functionalization of materials. Particular attention is given to the utilization of
(GO) graphene oxide in water treatment technologies. The paper outlines a
method for synthesizing GO and investigates the structural and functional
characteristics of its surface layers. It also discusses the integration of GO into
chitosan-based matrices for the development of advanced membrane systems
showing enhanced ability to filter impurities. Empirical evidence proves that the
application of digital modeling tools contributes to the optimization of research
and development processes involving chitosan and (GO) graphene oxide,
supporting the creation of innovative materials for environmental engineering

purposes.
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INTRODUCTION

Aspen Plus is widely used in engineering and industry for optimization and design of chemical
processes. Its capabilities include: process design, equipment modeling and simulation,
environmental analysis, big data integration [1]. Aspen Plus is ideal for solving large-scale
problems that require the consideration of aggregated properties of materials and systems [2].
NAMD (“Nanoscale Molecular Dynamics”) is used in molecular dynamics to simulate the
behavior of atoms and molecules. Key capabilities of NAMD include: biomolecular research,
materials science, high performance computing, integration with visualizers [3]. NAMD is in
demand in academic research, pharmaceuticals and materials science, where atomic level detail
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is important [4]. Despite the differences in modeling scale, Aspen Plus and NAMD can
complement each other. The use of Aspen Plus and NAMD continues to expand due to the
following trends in biotechnology and organic synthesis to produce composite materials for
medical and food engineering applications. Both approaches are crucial in fostering innovation
within the field of sustainable materials and environmentally sound technologies. Chitosan,
obtained by deacetylation of chitin, is a an altered form of a natural polysaccharide possessing
remarkable physical, chemical, and biological characteristics, notably biocompatibility,
biodegradability, and fat-binding ability, heavy metals, and other substances [5]. Structurally,
chitosan consists of repeating units of 2-amino-2-deoxy-D-glucose linked by -(1—4)-glycosidic
bonds, which forms its polymer framework [6]. The polymer structure of chitosan is due to the
presence of amino groups in the C2 position, which, depending on the degree of deacetylation
and pH of the medium, can be in a protonated or neutral form. This feature determines such key
properties of chitosan as the ability to ion exchange and interact with charged molecules,
including proteins, lipids, and organic acids. Additionally, the existence of both amino and
hydroxyl groups in the chitosan backbone contributes to its elevated reactivity, positioning it as a
versatile platform for functionalization and composite formation. For example, modification of
the polymer chain allows obtaining derivatives with specified properties, such as improved
solubility, sorption capacity or specific bioactivity.

Fig.1. Molecular structure of chitosan visualized using the NAMD program.

The conformational features of chitosan, including the spatial arrangement of acetyl groups in N-
acetylglucosamine units, plays an important role in predicting its behavior in various chemical
and biological systems [7]. Chitosan possesses distinctive properties that make it increasingly
sought after across various industries. Its market potential is expected to expand, driven by
global trends such as environmental awareness, the pursuit of healthier lifestyles, and
advancements in innovative technologies. In healthcare and medicine, chitosan is gaining
traction due to its natural origins and beneficial characteristics.These aspects are the subject of
active research in the field of synthesis of new materials, biomedicine and environmental
cleaning technologies [ 8]. As an ingredient in dietary supplements, chitosan is valued for its
ability to lower cholesterol, enhance metabolism, and support gut health. Marketing efforts will
focus on highlighting its natural composition, safety, and positive effects on overall well-being.
Thanks to its antimicrobial, anti-inflammatory, and wound-healing properties, chitosan is also
widely applied in medical products, such as dressings, surgical sutures, and antibacterial
coatings. The promotion of these materials will underscore their eco-friendly nature, efficiency,
and compatibility with biological systems, supported by technologies like ASPEN PLUS and
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NAMD. In agriculture, chitosan is utilized as a biopesticide and plant growth enhancer. Its
capacity to strengthen plant immunity and increase resilience to stress positions it as a promising
tool in promoting organic and sustainable farming practices [9]. Chitosan is very popular in the
food industry because it is practically not absorbed in the gastrointestinal tract [10], which makes
it a valuable component for the production of low-calorie products, serves as a source of essential
substances and improves the technological properties of food products. Its ability to bind and
remove fats and toxins from the body, as well as its minimal caloric content, make chitosan
indispensable for the creation of healthy food products and health maintenance products [11,12].
The versatility of GO also extends beyond environmental applications. Its layered structure and
the potential for functional group modification make it an invaluable material in biomedicine,
engineering, and technology. These applications leverage the ability of GO to form a range of
covalent and non-covalent bonds through its functional groups, further broadening its utility
[13,14]. The oxygen content in graphene oxide, which typically ranges from 3% to 40% by
weight, significantly influences its properties. A precise understanding of the oxygen-functional
group content is essential for optimizing GO's performance in various applications [15,16].
Furthermore, the composition of GO can vary with changes in its surface area, which directly
impacts its adsorption efficiency and reactivity. Research has demonstrated that GO membranes
exhibit exceptional water permeability combined with selective ion and molecule transport,
making them highly effective in water filtration systems.

In the field of nanotechnology, GO is increasingly recognized as a cost-effective and
environmentally friendly material for purifying water from toxic pollutants [17,18]. Its
applications range from sewage treatment and CO2 capture to the removal of residual pesticides
and pharmaceuticals from water, showcasing its adaptability and effectiveness [19,20]. The
continuous exploration of GO's properties and its integration into innovative technologies
highlight its potential to transform environmental protection strategies while contributing to
sustainable development goals [16,18,20].

EXPERIMENTAL PART
»  Preparation of Chitosan-Based Hydrogels Using Different Concentrated Solutions

Chitosan was dissolved in acetic acid solution (0.1%) and stirred for several hours to ensure
complete dissolution of chitosan. The prepared gel was then placed in Petri dishes with a
thickness of approximately 3-6 mm. NaOH solution (1-5 M) was slowly added to the chitosan
solution, forming gels with different textures according to the different concentrations of the
solutions.

> Method for Synthesis of Graphene Oxide

For the synthesis of graphene oxide, three plastic containers were prepared, each containing 3 g
of graphite and 1 g of sodium nitrate (NaNO;) and 6 g of potassium permanganate (KMnOy,),
respectively. Separately, 46 ml of concentrated sulfuric acid (95-98% H,SO,) was measured out
using a graduated cylinder. To monitor the exothermic reaction, the process was carried out in
an ice bath using multi-necked flasks equipped with thermometers to maintain precise
temperature control. KMnO; was added slowly over two hours, ensuring that the reaction
temperature remained within 20-25 °C. After continuous stirring for four hours, the resulting
mixture was filtered, and the resulting solid product was thoroughly washed with distilled
water to remove residual sulfuric acid and normalize the medium.
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Fig. 2. Obtaining a hydrogel structure of chitosan

Fig. 3. Chitosan-based hydrogel for use in water purification
RESULTS AND DISCUSSION

This study uses an integrated approach combining numerical modeling and laboratory
experiment to obtain and analyze a composite hydrogel based on functionalized chitosan and
graphene oxide (Ch@GO). Modeling was performed using the Aspen Plus V12 and NAMD 2.14
software packages, which allowed us to cover both the macroscopic and molecular levels of
interaction between the components.

> Modeling in Aspen Plus

The following parameters were varied during the modeling process: temperature (20-80 °C),
pressure (atmospheric and elevated), mass ratio of components (chitosan, graphene oxide, acid
solution), and the duration of ultrasonic treatment.

> Molecular modeling in NAMD

At the molecular level, the interaction between chitosan and graphene oxide was modeled using
the NAMD package to describe the polysaccharide chains of chitosan and the functional groups
of graphene oxide. The structures were considered at different pH values. The analysis showed
stable formation of hydrogen bonds between the amino groups of chitosan and oxygen-
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containing groups of graphene oxide, with an average length of ~2.1 A. With increasing pH, an
increase in the distance between the chitosan chains was observed due to deionization, which
potentially affects the degree of swelling and permeability of the hydrogel.

Experimental confirmation

To confirm the model data, laboratory experiments were carried out to synthesize a composite
hydrogel. Mixtures of functionalized chitosan and graphene oxide (Ch@GO) were prepared in
weight ratios of 1:1, 2:1 and 3:1. Chitosan was dissolved in 0.1% acetic acid solution with stirring,
after which graphene oxide was added. The resulting solutions were treated with an ultrasonic
device until a homogeneous mass was obtained. The mixtures were poured into Petri dishes and
kept at 50 ° C for 3 hours. The obtained samples demonstrated good form-forming properties, a
homogeneous structure and high stability. The morphology and distribution of components in
the composite corresponded to the structures predicted based on molecular modeling. Thus, the
correspondence between the calculations and the actual properties of the synthesized material
was experimentally confirmed. The use of numerical modeling made it possible to significantly
narrow the range of experimental search and ensure the production of a hydrogel with predicted
characteristics, underscoring the role of simulation-based approaches in optimizing all steps of
composite biomaterial creation.

Fig.4. Chitosan-based graphene oxide (Ch@GO) hydrogel.

CONCLUSION

Aspen Plus and NAMD are powerful tools for exploring chitosan and its practical applications.
The composite material and chitosan-based hydrogels can be used to effectively remove
pollutants, which is important for environmental and industrial applications. The successful
integration of molecular modeling and experimental methods confirms the promise of the
approach for the development of new materials. The results can be scaled up for industrial
production of filter systems and purification plants. In this study, we successfully synthesized a
composite hydrogel comprising graphene oxide (GO) and chitosan, demonstrating its high
potential for addressing water pollution issues. Structural refinement and performance
enhancement of the chitosan-GO system were achieved through a combined computational
approach using NAMD for molecular-level understanding and Aspen Plus for process-level
modeling. This integrative methodology not only provided an optimized material design but
also facilitated the evaluation of its scalability for environmental remediation applications. The
comparison between these two modeling platforms highlights a promising path for the
development and industrialization of advanced filtration materials based on biopolymer
composites.
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