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PREFACE 

It is with great pleasure that we present the Proceedings of the RESIST Symposium – 2nd 

Regional Symposium on Innovation in Science & Technology, held from January 2–4, 2025 

(Dey 12–14, 1403) at Ferdowsi University of Mashhad, Iran. This symposium brought 

together a distinguished group of researchers, academicians, industry professionals, and 

policymakers from across the region to discuss emerging trends, innovations, and challenges 

in science and technology. 

The symposium was organized as part of the university’s strategic initiative in scientific 

diplomacy, fostering collaboration among scholars from Iran and other regional countries. In 

total, over 120 participants, including faculty members, graduate students, and experts, 

contributed to this event, engaging in keynote speeches, panel discussions, and research 

presentations. 

This proceeding contains extended abstracts (2 to 4 pages) covering key themes of the 

symposium, including: 

• Nano Technology 

• Airbase Studies 

• Water and Environmental Sciences 

• Biotechnologies 

• Quantum Technology 

• Medical Engineering 

• Clean and Renewable Energies 

• Artificial Intelligence and Cloud Computing 

• Cognitive Sciences and Technologies 

• Oil, Gas, and Petrochemical Processes 

• Minerals and Ore Deposits 

One of the highlights of the symposium was the presence of keynote speakers from leading 

universities and research institutions worldwide, sharing their cutting-edge insights on critical 

scientific advancements. The discussions and collaborations initiated here have laid the 

groundwork for future joint research projects, international partnerships, and academic 

exchanges. 

Additionally, the symposium facilitated interdisciplinary dialogue, fostering an environment 

where researchers from diverse fields explored how science and technology can drive 

innovation, sustainability, and resilience in the face of global challenges. 

We extend our deepest appreciation to all authors, reviewers, and organizing committee 

members whose dedication and hard work made this symposium a success. Special thanks go to 

Ferdowsi University of Mashhad, the International Scientific Cooperation Office, and all 

sponsors and institutional partners for their invaluable support. 

As we look ahead, we are excited to announce that the next edition of the RESIST Symposium 

(RESIST 2026) will be held at the University of Kufa, Iraq, in January 2026, further 

strengthening regional scientific cooperation. 



 

 

We hope that this proceeding serves as a valuable academic reference, inspiring future research 

and collaboration among scholars and professionals. 

On behalf of the Organizing Committee 

[Seyed Alireza Seyedin] 

Chairperson, RESIST Symposium 

Ferdowsi University of Mashhad 
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1. KEYNOTE SPEAKERS 

The RESIST Symposium was honored to feature a series of distinguished keynote speakers, each 

contributing their expertise and cutting-edge research to the diverse thematic areas of the 

symposium. Their presentations provided profound insights into emerging scientific challenges 

and innovative solutions across multiple disciplines. Below are the highlights from their keynote 

addresses: 

Application of Phase Change Materials for Environmental and Green Technologies 

Speaker: Seyed Mojtaba Sadrameli 

Affiliation: Department of Engineering, German University of Technology in Oman, Muscat, 

Oman 

Summary: 

Phase Change Materials (PCMs) are crucial in energy storage and thermal management, with 

applications spanning from solar panels to biomedical devices. This keynote explored the 

classification of PCMs, their use in enhancing energy efficiency, and case studies demonstrating 

significant energy savings in thermal management systems over the past two decades. 

 

Biotechnology and Modulation of Immune Response 

Speaker: Prof. Dr. Walaa Najm Abood 

Affiliation: Department of Microbiology, College of Veterinary Medicine, University of Diyala, 

Iraq 

Summary: 

This presentation delved into the role of nanoparticles in immunotherapy, highlighting their 

potential and risks. Prof. Abood discussed the immunotoxicity of various nanoparticles and 

stressed the importance of establishing their safety profiles for biomedical applications as their 

use expands. 

 

Hybrid Supercapacitor Based on Nanostructured Materials: Current Research and 

Outlook 

Speaker: Ahmed S. Al-Asadi 

Affiliation: Department of Physics, College of Education for Pure Science, University of Basrah, 

Iraq 

Summary: 

Al-Asadi’s keynote highlighted the advancements in hybrid supercapacitors (HSCs), particularly 

through the use of nanostructured materials like graphene and metal oxides. He addressed the 

challenges of optimizing energy-power balances and the role of computational modeling in 

enhancing material performance. 

 

Artificial Intelligence: Revolutionizing Activities, Industries, and Everyday Experiences 

Speaker: Dr. Mohammed F. Al-Mudhaffer 

Affiliation: Department of Physics, College of Education for Pure Sciences, University of 



 

 

Basrah, Iraq 

Summary: 

Dr. Al-Mudhaffer discussed AI’s transformative impact across sectors such as healthcare, 

manufacturing, and education. The keynote underscored AI’s role in driving operational 

efficiency, personalizing experiences, and the ethical considerations associated with its 

widespread adoption. 

 

Genotypic Characterization of Plasmids Elements from Multiple-Drug Resistant 

Escherichia coli Using Next-Generation Sequencing Technique 

Speaker: Halah M.H. Al-Hasani 

Affiliation: Department of Molecular Biology, Iraqi Center for Cancer and Medical Genetics 

Research, Mustansiriyah University, Baghdad, Iraq 

Summary: 

This presentation focused on the critical issue of antimicrobial resistance (AMR), exploring the 

genetic mechanisms behind E. coli’s resistance patterns through Next-Generation Sequencing. 

Al-Hasani emphasized the need for understanding plasmid behavior to combat AMR effectively. 

 

Cognitive Science and Technologies: Bridging Innovation with Soft Skills in Academia 

Speaker: Prof. Dr. Taqi Bin Abdul Redha Bin Ali Al Abdwani 

Affiliation: Gulf College, Oman 

Summary: 

Prof. Dr. Al Abdwani explored the intersection of cognitive science and technology, emphasizing 

how insights into human cognition can drive innovation. His talk highlighted the importance of 

integrating cognitive empathy and strategic thinking into academic curricula to foster versatile 

professionals. 
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2th Regional Symposium On Innovation In Science And Technology   
 

NANO TECHNALOGY 17 

 

Investigation Of The Effect Of Electrolyte Type In The Anodizing 

Process Of Titanium 

N. Yazdanparast1, F. Darvishian Haghiggi1, M. Hadada Sabzevar1*, S. Mollazadeh Beidokhti 1  

1 Department of Materials and Metallurgical Engineering, Faculty of Engineering, Ferdowsi University of mashhad, 

mashhad, Iran  

*Corresponding author: haddadm@um.ac.ir  

Abstract— The leading project aims to form a TiO₂ oxide layer on a Ti (grade 2) substrate by electrochemical 

anodization and investigate the morphology of titanium dioxide. TiO₂ has attractive properties such as increased ion 

exchange capacity, non-toxicity, environmental safety, photocatalytic properties, and a high surface area to volume 

ratio. In this project, we investigate the morphology of TiO₂ formed in two types of organic and aqueous electrolytes. 

The titanium metal present in the substrate acts as a titanium source and, by creating a closed interface, fulfills the need 

for the presence of one of these electrodes. This titanium process allows TiO₂ with different morphologies to be formed 

in situ on the surface of the titanium metal. Ultimately, a porous structure with very strong adhesion to the substrate 

and a regular crystalline structure is formed. Titanium dioxide formation was performed by anodizing pure titanium in 

a standard two-electrode bath consisting of an organic electrolyte containing fluoride ions and an acidic aqueous 

electrolyte bath to investigate the effect of electrolyte on titania morphology. The results showed that acidic electrolytes 

cause the formation of titania with dense hardness. In the sample anodized with fluoride-containing electrolyte, we see 

the formation of titanium dioxide nanotubes due to the mechanism of action of fluoride ions.  

Keyword: Nanotube -Titanium Dioxide -Electrochemical Anodization – electrolyte type  

INTRODUCTION  

Nanoscale structures have attracted much 

attention in recent years due to their unique 

properties, including high corrosion 

resistance, good magnetic properties, low 

specific gravity, high strength, and good 

biocompatibility. Among these 

nanostructures, titania nanotubes  

(TiO₂) are of interest due to their unique 

properties. Titanium dioxide (TiO₂) can be 

Synthesis in the form of a variety of 

nanostructures,  including nanorods, 

nanoparticles, nanotubes, and nanowires [1].  

 Titania is a versatile material and is widely 

used in scientific and commercial fields such 

as biomedicine, photocatalysis, and 

photovoltaic cells. By coating the titanium 

surface with TiO₂ nanotubes, bioactive 

implants can be prepared. Therefore, coating 

the surface of Ti implants with TiO₂ 

nanotubes is very promising in clinical 

investigation, and the fabrication of 

nanoporous/nanotube arrays of titanium 

dioxide on titanium is essential to increase its 

clinical efficacy [1]. 

 The electrochemical anodizing process 

can be an efficient and cost-effective method 

to prepare nanostructured TiO₂ layers on 

titanium substrates with precise dimensional 

control (length, diameter, and morphology of 

nanotubes) [2].  

MATERIALS &METHODS  

The surface of the titanium samples is 

sanded with silicon carbide paper up to grade 

3000. Samples are washed, degreased with 

acetone, and thoroughly rinsed with distilled 

water. Before anodizing, each sample will be 

treated with an etchant solution containing 

HNO3, H2O, and HF in a ratio of 3:5:1 to 

reduce the surface resistance. Anodizing 

experiments at room temperature and with 

various electrolytes are performed using a 

two-electrode electrochemical anodizing cell 

consisting of Ti with specified dimensions as 

the anode and platinum as the cathode. The 

distance between the cathode and anode 

electrodes will be considered to be 20 mm. 

Both electrodes are connected to a direct 

current (DC) voltage source, and the 

anodizing process is performed at different 

voltages. As shown in Table 1 the organic 

electrolyte bath contains 98cc of ethylene 

glycol (C2H6O2), 0.37g of NH4F, and 2cc of 

H2O. Also, anodizing in a fluoride ionfree 

aqueous electrolyte solution with a 
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composition of 150 cc DW water and 14 g 

H₂SO₄ was also performed potentiostatically. 

XRD analysis was performed to examine 

pure titanium, and imaging was performed by 

FESEM scanning electron microscope, and 

EDX analysis was performed to examine the 

morphology of the coating. 

RESULTS AND DISCUSSION  

Comparing the results of FESEM and EDS 

images, fluoride ion (F-) is an essential factor 

for the formation of the tubular structure. The 

electric field applied between the cathode and 

anode drives Ti4+ ions from the Ti surface 

towards the electrolyte; then these ions 

combine with oxygen decomposed from H2O 

in the electrolyte due to the oxidation reaction 

form TiO₂. After that, when the field 

dissolution reaction starts by F  ions, a stable 

complex of titanium hexafluoride, TiF₆, is 

formed. Anions such as O2 and OH, which are 

obtained from the separation of electrolyte 

components, migrate towards the anode and 

are formed as hydrogen bubbles in the 

cathode, and, depending on the conditions, 

there is also the possibility of oxygen 

evolution on the anode surface. Excess ions 

from the electrolyte also move towards or 

away from the anode in proportion to their 

electrostatic charge. The following equations 

represent the reactions carried out during the 

anodizing process, Eq. (1), (2), (3) [3].  

 

Ti→Ti4++4e                                                   

(1)  

Ti4++2H2O →TiO2+4H+                               

(2) TiO2+6F-+4H+→[TiF6]2-+2H2O                 

(3)  

 

In summary, the TNT formation 

mechanism includes the following steps: (a) 

formation of an oxide layer, (b) formation of 

pores on the oxide surface by F ions and their 

deepening, (c) merging of adjacent small 

pores and becoming larger pores, (d) 

formation of primary nanotubes, and (e) 

evolution of titanium dioxide nanotubes 

formed during the electrochemical anodizing 

process. In the absence of fluoride ions, the 

field dissolution reaction does not occur 

during the anodizing process. Therefore, the 

formation of the TiF6 complex and the 

initiation of pore formation on the non-porous 

TiO2 surface will not be possible. For this 

reason, the TiO₂ formed in the electrolyte 

containing H₂SO₄ is a non-porous oxide layer 

[3].  

 

Fig. 4 XRD patterns of (a)Ti  

 

 

Table 1. Anodizing parameters 

Anodizing 

parameters 
b c 

Thickness 0.5 mm 0.5mm 

Electrolyte 150cc DW 2cc DW+98cc EG 
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14gr H2SO4 0.37 gr NH4F 

Voltage 

Time 

100 

120 

60 

120 
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Design of DNA Origami-Heparin Nanostructures for the 

Development of Viral Therapies 

Sadegh Dastorani1*, Mahmoud Shariati2, Reza Hasanzadeh Ghasemi3 

1PhD Candidate, Ferdowsi University of Mashhad, Department of Mechanical Engineering, Mashhad, Iran. 
2Full Professor, Ferdowsi University of Mashhad, Department of Mechanical Engineering, Mashhad, Iran. 
3Associate Professor, Hakim Sabzevari University, Department of Mechanical Engineering, Sabzevar, Iran. 

*Corresponding author: S.dastorani1994@gmail.com 

Abstract — Given the increasing prevalence of viral diseases and limitations of current treatments, the development 

of a new generation of highly effective antiviral drugs with fewer side effects is imperative. This research introduces 

novel nanostructures based on DNA origami, heparin, and a spermidine-containing linker, which show great potential 

for targeted drug delivery and the treatment of viral diseases. These nanostructures form stable complexes, enabling 

efficient transport of antiviral drugs to infected cells. Additionally, the unique properties of these nanostructures make 

them a promising platform for the development of new antiviral drugs. The results of this study present a promising 

outlook for the development of a new generation of nanotechnology-based antiviral therapies. 

Keyword: Virus, DNA origami, heparin, linker 

INTRODUCTION 

Recent advancements in nanotechnology 

and pharmaceutical sciences, particularly in 

the field of targeted drug delivery, have 

brought about significant transformations. 

One notable achievement is the utilization of 

precise engineering to produce highly 

efficient and effective drug compounds. In 

this context, biomolecules and engineered 

nanostructures play a pivotal role in the 

development of therapeutic technologies. 

Heparin, as a biological polyanion [1-3] and 

anticoagulant, is widely used in the treatment 

of cardiovascular diseases [4-6], prevention 

of blood clots [7, 8], and reduction of 

inflammation and infection [9-12]. 

Additionally, it holds great potential for the 

development of novel methods to combat 

viral diseases [13-16]. The unique properties 

of heparin in interacting with biological 

systems and nanostructures make it an ideal 

platform for designing innovative structures 

capable of inhibiting viruses with high 

precision and efficacy. The presence of 

protein spikes on viruses, which are the 

primary agents of replication and infectivity, 

allows heparin to bind to these spikes, such as 

the spike protein in the coronavirus, thereby 

preventing viral replication and infection [17, 

18]. 

In recent decades, DNA origami has 

emerged as one of the most advanced tools in 

nanotechnology, revolutionizing the design 

and construction of complex nanostructures 

[19-20]. By leveraging DNA's ability to form 

precise and controlled three-dimensional 

structures, this technique enables the creation 

of a wide range of nanostructures with diverse 

applications in scientific and medical fields 

[21]. Notable features of DNA origami 

include the ability to design intricate 

structures, high stability, and the capacity to 

carry molecular payloads [22-25]. 

The combination of heparin with DNA 

origami structures, given the unique 

properties of both molecules, represents an 

innovative approach to designing antiviral 

nanostructures [26]. Recent studies have 

demonstrated promising results in viral 

inhibition using large-scale DNA origami 

structures combined with heparin or heparan 

sulfate derivatives [27-26]. However, this 

approach faces challenges such as time-

consuming design and fabrication processes, 

high costs of materials and equipment, 

limitations in accurately studying molecular 

interactions in complex biological 

environments, and the need for extensive 

studies to evaluate the efficacy and side 

effects of these structures. Therefore, this 

paper proposes a novel method that focuses 

on smaller, simpler DNA origami structures 

mailto:S.dastorani1994@gmail.com
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to overcome the challenges associated with 

designing large-scale DNA origami 

structures. This approach not only 

significantly reduces design time and costs 

but also enables more accurate investigation 

of molecular interactions and optimization of 

structure performance. 

Given the similar negative charges of 

heparin and DNA, direct and effective 

interactions between these two molecules 

alone are not observed. Therefore, to 

establish a linkage between DNA and 

heparin, intermediaries such as linkers, 

multivalent ligands, or polycationic 

dendrimers are employed. These 

intermediaries act as bridges between the two 

molecules, enabling their connection through 

non-covalent interactions [28-30]. 

Therefore, this study, focusing on the 

design of new complexes comprising heparin, 

linker, and DNA origami, can be considered 

as an initial step towards the development of 

innovative nanostructures for combating 

viruses. The primary objective of this 

research is to design hybrid nanostructures 

based on DNA origami, linker, and heparin 

with potential applications in various fields, 

especially medicine. By conducting this 

research, a significant step will be taken 

towards the development of intelligent 

nanostructures with diverse applications in 

the medical field. Ultimately, it will pave the 

way for the more precise design of molecular 

structures with various applications, 

including viral inhibition. 

 MATERIALS &2.3. METHODS  

The Materials and Methods section is 

divided into four main parts. In the first part, 

a suitable DNA origami structure will be 

modeled. The second part will focus on the 

design and modeling of the linker as a bridge 

connecting the different components. The 

third part will describe the method for 

modeling the heparin molecule. Finally, the 

fourth part will detail the assembly and 

modeling of the final complex comprising 

DNA origami, linker, and heparin. 

2.1. DNA ORIGAMI MODELING 

We first designed an arbitrary double-

stranded DNA structure in the caDNAno 

software, as shown in Fig. 1. To create a 

complex, we needed the structure in PDB 

format. We used the oxViewe and tacoxdna 

websites to convert the structure to PDB 

format. 

 
Fig. 1. Custom-sized double-stranded DNA origami. a) Front view. 

b) Side view. 

2.2. LINKER MODELING 

Cationic linkers, renowned for their strong 

affinity to anionic biomolecules like DNA 

and proteins, have emerged as indispensable 

tools in molecular engineering. By acting as 

molecular bridges, they enable the 

construction of complex molecular 

architectures. Building upon the foundational 

principles established in earlier studies [30-

28], researchers can rationally design cationic 

linkers with tailored properties. The structural 

diversity of reported cationic linkers attests to 

their versatility in a myriad of biological and 

chemical applications. 

Therefore, in this research, a linker based 

on a six spermidine branches and a palmitic 

acid core was designed and optimized (Fig . 

2). Avogadro software was employed as a 

powerful tool for modeling and structural 

optimization of this linker. The objective of 

this design was to achieve a stable and 

efficient structure capable of effectively 

binding to DNA molecules and heparin. The 

optimizations performed in Avogadro 

enabled the selection of optimal 

conformations that were energetically stable 

a) b) 
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and capable of interacting with biological 

molecules. 

 

 

Fig. 2. Design of linker with six spermidine branches in Avogadro 

software . a) Front view. b) Side view. 

2.3. HEPARIN MOLECULE 

In this study, the structure of heparin 

molecule with the PDB code 1HPN was 

downloaded from the Protein Data Bank [31]. 

Heparins are known as linear polysaccharides 

composed of repeating disaccharide units. 

For a more detailed investigation of the 

molecular interactions between the linker and 

DNA, a heparin fragment with an 

approximate length of 4.5 nanometers, 

consisting of ten saccharide rings, was 

selected for modeling (Fig. 3). 
 

 
Fig. 3. Heparin structure [31] in MATLAB Molviewer 

software. 

2.4. COMPLEXES 

In this study, three different types of 

complexes were created by combining a 

custom DNA origami structure, a connecting 

linker, and heparin. Specifically, Complex 1 

was formed by combining the linker structure 

and heparin (Fig. 4-a). Complex 2 was 

formed by combining the linker with DNA 

(Fig. 4-b). Complex 3 was formed by 

combining DNA, linker, and heparin (Fig. 4-

c). 

Given the unique properties of heparin and 

the cationic linker, each of the three designed 

complexes has the potential for wide-ranging 

applications in the fields of pharmacy and 

drug delivery. 

Complex 1: The simultaneous presence of 

heparin and the cationic linker in this 

complex makes it a suitable candidate for 

targeting and binding to negatively charged 

biological structures, such as certain cellular 

receptors or pathogenic molecules. This 

feature makes this complex highly useful for 

designing targeted drugs and reducing their 

side effects. 

Complex 2: The use of DNA origami 

technology in the construction of this 

complex allows for the design of nanoscale 

structures with diverse shapes and sizes. 

These structures can be used as nanocarriers 

for drug delivery to target cells. Additionally, 

the ability to engineer the surface of these 

nanocarriers with cationic linkers improves 

their interaction with the biological 

environment and enhances their application 

potential. 

Complex 3: This complex has the most 

complex structure and is a combination of the 

advantages of the previous two complexes. 

By combining DNA origami, heparin, and a 

cationic linker, it is possible to design 

nanocarriers with highly accurate detection 

and targeting capabilities. These nanocarriers 

can be used for the diagnosis and treatment of 

infectious diseases, especially viral 

infections. 

b) 

a) 
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Fig. 4. Nanostructures of three complexes including DNA, linker 

and heparin in MATLAB Molviewer software. a) Complex 1. b) 

Complex 2. c) Complex 3.  

Considering the challenges associated with 

designing large DNA origami structures, this 

research proposes a novel approach that 

focuses on smaller and simpler structures. 

This approach not only significantly reduces 

design time and cost but also allows for a 

more detailed investigation of molecular 

interactions and optimization of structure 

performance. The combination of DNA 

origami, heparin, and a linker creates a 

powerful platform for designing antiviral 

nanostructures with high efficiency and 

customizable features. 

CONCLUSION 

This paper, through the intelligent 

combination of DNA origami, heparin, and a 

cationic linker, has successfully designed 

nanostructures with high potential for 

targeted drug delivery and the treatment of 

viral diseases. These nanostructures, by 

creating different complexes, enable the 

efficient delivery of antiviral drugs to 

infected cells. Additionally, the unique 

properties of these nanostructures introduce 

them as a foundation for the development of 

a new generation of antiviral drugs. The 

results of this study paint a promising picture 

for the development of a new generation of 

nanotechnology-based antiviral therapies. 

REFERENCES 

Oduah, E., Linhardt, R., and Sharfstein, S. 

“Heparin: Past, Present, and Future,” 

Pharmaceuticals, Vol. 9, No. 3, 2016, 

p. 38. 

Marson, D., Laurini, E., Aulic, S., et al. 

“Unchain My Blood: Lessons Learned 

from Self-Assembled Dendrimers as 

Nanoscale Heparin Binders,” 

Biomolecules, Vol.9, No. 8, 2019, p. 

385. 

Linhardt, R. J. “Heparin and 

anticoagulation,” Frontiers in 

Bioscience, Vol.21, No. 7, 2016, pp. 

1372–92. 

Mukherjee, D., and Topol, E. J. “The role of 

low-molecular–weight heparin in 

cardiovascular diseases,” Progress in 

Cardiovascular Diseases, Vol. 45, No. 

2, 2002, pp. 139–56. 

Aslani, S., Kabiri, M., HosseinZadeh, S., et 

al. “The applications of heparin in 

vascular tissue engineering,” 

Microvascular Research, Vol. 131, 

2020, p. 104027. 

a) 

b) 

c) 



 

2th Regional Symposium On Innovation In Science And Technology   
 

NANO TECHNALOGY 25 

 

Wang, P., Chi, L., Zhang, Z., et al. “Heparin: 

An old drug for new clinical 

applications,” Carbohydrate Polymers, 

Vol. 295, 2022, p. 119818. 

Bal dit Sollier, C., Dillinger, J.-G., and 

Drouet, L. “Anticoagulant activity and 

pleiotropic effects of heparin,” JMV-

Journal de Médecine Vasculaire, Vol. 

45, No. 3, 2020, pp. 147–57.  

Zhou, P., Yin, J.-X., Tao, H.-L., et al. 

“Pathogenesis and management of 

heparin-induced thrombocytopenia 

and thrombosis,” Clinica Chimica 

Acta, Vol. 504, 2020, pp. 73–80. 

Litov, L., Petkov, P., Rangelov, M., et al. 

“Molecular Mechanism of the Anti-

Inflammatory Action of Heparin,” 

International Journal of Molecular 

Sciences, Vol. 22, No. 19, 2021, p. 

10730. 

1. Vitiello, A., and Ferrara, F. “Low 

Molecular Weight Heparin, Anti-

inflammatory/Immunoregulatory and 

Antiviral Effects, a Short Update,” 

Cardiovascular Drugs and Therapy, 

Vol. 37, No. 2, 2021, pp. 277–81. 

Seffer, M.-T., Cottam, D., Forni, L. G., et al. 

“Heparin 2.0: A New Approach to the 

Infection Crisis,” Blood Purification, 

Vol. 50, No. 1, 2020, pp. 28–34. 

Li, L., Tian, X., Feng, G., et al. “The 

predictive value of heparin-binding 

protein for bacterial infections in 

patients with severe multiple trauma,” 

2024. 

Thachil, J. “The versatile heparin in COVID‐

19,” Journal of Thrombosis and 

Haemostasis,Vol. 18, No. 5, 2020, pp. 

1020–2. 

Mazilu, L., Katsiki, N., Nikolouzakis, T. K., 

et al. “Thrombosis and Haemostasis 

challenges in COVID-19 – 

Therapeutic perspectives of heparin 

and tissue-type plasminogen activator 

and potential toxicological reactions-a 

mini review,” Food and Chemical 

Toxicology, Vol. 148, 2021, p. 

111974. 

Magnani, H. N. “Rationale for the Role of 

Heparin and Related GAG 

Antithrombotics in COVID-19 

Infection,” Clinical and Applied 

Thrombosis/Hemostasis, Vol. 27, 

2021, p. 107602962097770. 

Hogwood, J., Gray, E., and Mulloy, B. 

“Heparin, Heparan Sulphate and 

Sepsis: Potential New Options for 

Treatment,” Pharmaceuticals, Vol. 16, 

No. 2, 2023, p. 271. 

Shi, D., Bu, C., He, P., et al. “Structural 

Characteristics of Heparin Binding to 

SARS-CoV-2 Spike Protein RBD of 

Omicron Sub-Lineages BA.2.12.1, 

BA.4 and BA.5,” Viruses, Vol. 14, No. 

12, 2022, p. 2696. 

Lippi, G., Henry, B. M., and Favaloro, E. J. 

“The Benefits of Heparin Use in 

COVID-19: Pleiotropic Antiviral 

Activity beyond Anticoagulant and 

Anti-Inflammatory Properties,” 

Seminars in Thrombosis and 

Hemostasis, Vol. 49, No. 01, 2022, pp. 

073–5. 

Dey, S., Fan, C., Gothelf, K. V., et al. “DNA 

origami,” Nature Reviews Methods 

Primers, Vol. 1, No. 1, 2021. 

Dastorani, S., Hasanzadeh Ghasemi, R. 

“Modeling and investigating the 

behavior of triangular origami DNA 

under the influence of laboratory 

temperature”, Science and Technology 

in Mechanical Engineering, 2023; 

1(1): 58-69. doi: 

10.22034/stme.2022.162701. 

Mogheiseh, M., Hasanzadeh Ghasemi, R., 

and Soheilifard, R. “The effect of 

crossovers on the stability of DNA 

origami type nanocarriers,” 

Multidiscipline Modeling in Materials 

and Structures, Vol. 17, No. 2, 2020, 

pp. 426–36. 

Dastorani, S., Ghasemi, R. H., and 

Soheilifard, R. “A Study on the 

Bending Stiffness of a New DNA 

Origami Nano-Joint,” Molecular 

Biotechnology, Vol. 63, No. 11, 2021, 

pp. 1057–67. 

Mogheiseh, M., Etemadi, E., and Hasanzadeh 



 

2th Regional Symposium On Innovation In Science And Technology   
 

26 NANO TECHNALOGY 

 

Ghasemi, R. “Design, molecular 

dynamics simulation, and 

investigation of the mechanical 

behavior of DNA origami nanotubes 

with auxetic and honeycomb 

structures,” Journal of Biomolecular 

Structure and Dynamics, Vol. 41, No. 

24, 2023, pp. 14822–31. 

Dastorani, S., Mogheiseh, M., Ghasemi, R. 

H., et al. “Modelling and structural 

investigation of a new DNA Origami 

based flexible bio-nano joint,” 

Molecular Simulation, Vol. 46, No. 13, 

2020, pp. 994–1003. 

Dastorani, S., Shariati, M., Hasanzadeh 

Ghasemi, R. “Comparison of the 

bending behavior of DNA origami 

Nano beam using the nonlinear theory 

method and steered molecular 

dynamics simulation”, Nano World, 

2024; 19(73): 54-45. 

Monferrer, A., Kohler, F., Sigl, C., et al. 

“DNA origami traps for large viruses,” 

Cell Reports Physical Science, Vol. 4, 

No. 1, 2023, p. 101237. 

Monferrer, A., Kretzmann, J. A., Sigl, C., et 

al. “Broad-Spectrum Virus Trapping 

with Heparan Sulfate-Modified DNA 

Origami Shells,” ACS Nano, Vol. 16, 

No. 12, 2022, pp. 20002–9. 

Albanyan, B., Laurini, E., Posocco, P., Pricl, 

S., & Smith, D. K. (2017). Self‐

Assembled Multivalent (SAMul) 

Polyanion Binding—Impact of 

Hydrophobic Modifications in the 

Micellar Core on DNA and Heparin 

Binding at the Peripheral Cationic 

Ligands. In Chemistry – A European 

Journal (Vol. 23, Issue 26, pp. 6391–

6397). Wiley. 

https://doi.org/10.1002/chem.2017001

77.  

Fechner, L. E., Albanyan, B., Vieira, V. M. 

P., Laurini, E., Posocco, P., Pricl, S., & 

Smith, D. K. (2016). Electrostatic 

binding of polyanions using self-

assembled multivalent (SAMul) ligand 

displays – structure–activity effects on 

DNA/heparin binding. In Chemical 

Science (Vol. 7, Issue 7, pp. 4653–

4659). Royal Society of Chemistry 

(RSC). 

https://doi.org/10.1039/c5sc04801j.    

Marson, D., Laurini, E., Aulic, S., Fermeglia, 

M., & Pricl, S. (2020). Perceptions and 

Misconceptions in Molecular 

Recognition: Key Factors in Self-

Assembling Multivalent (SAMul) 

Ligands/Polyanions Selectivity. In 

Molecules (Vol. 25, Issue 4, p. 1003). 

MDPI 

AG.https://doi.org/10.3390/molecules

25041003  .  

Mulloy, B., & Forster, M. J. (1995). N.M.R. 

AND MOLECULAR-MODELLING 

STUDIES OF THE SOLUTION 

CONFORMATION OF HEPARIN. 

Worldwide Protein Data Bank. 

https://doi.org/10.2210/pdb1hpn/pdb. 

 

https://doi.org/10.1002/chem.201700177
https://doi.org/10.1002/chem.201700177
https://doi.org/10.3390/molecules25041003
https://doi.org/10.3390/molecules25041003
https://doi.org/10.2210/pdb1hpn/pdb


 

2th Regional Symposium On Innovation In Science And Technology   
 

NANO TECHNALOGY 27 

 

Tuning Surface Structure of BiOI Photocatalysts Using Magnetized 

Methanol: Applied Magnetic Field  

Sara Abolhasani2, Ali Ahmadpour1,2*, Mostafa Gholizadeh3 

1Department of Chemical Engineering, Faculty of Engineering, Ferdowsi University of Mashhad, Mashhad, Iran 
2Industrial Catalysts, Adsorbents, and Environment Lab., Oil and Gas Research Institute, Ferdowsi University of 

Mashhad, Mashhad, Iran 
3Department of Chemistry, Faculty of Science, Ferdowsi University of Mashhad, Mashhad 

*Corresponding author: ahmadpour@um.ac.ir 

Abstract— Magnetic fields have been extensively used for the synthesis of nanostructures. In this study, a magnetic 

field was applied to methanol, named magnetized methanol, to be utilized as a solvent in the solvothermal synthesis 

of bismuth oxyiodide (BiOI) photocatalysts. The primary goal of this research is to present a novel technology for 

modifying nanostructures to enhance their applications.  

Keywords: Magnetized methanol, Nanostructures, BiOI, Morphology control 

INTRODUCTION 

Among bismuth oxyhalides, BiOI has been 

recognized as semiconductors with a two-

dimensional layered structure, featuring a 

narrow band gap and activation under visible 

light [1]. Modifying synthesis conditions can 

alter the crystal structures and morphologies 

leading to the utilization of their anisotropic 

properties in different plane orientations [2]. 

Arumugam et al. identified different BiOI 

morphologies, such as 2D square-like 

nanosheets and 3D hierarchical flower-like 

structures, which are obtained by altering the 

solvents (water, ethanol, methanol, and 

ethylene glycol) during solvothermal 

synthesis [3]. 

The effect of magnetic fields on solvent 

molecule clusters has always been a serious 

challenge in industry and academia [4]. The 

physical and chemical properties of the 

solvent, such as viscosity, zeta potential, and 

hydrogen bonding, were changed under this 

modification [5]. Rashidi et al. used ordinary 

and magnetized ethanol as a solvent to 

synthesize various zinc oxide (ZnO) 

structures under the solvothermal method [6]. 

The main purpose of this research is to 

create tunable bismuth oxyiodide structures 

by varying the duration of magnetic field 

exposure on methanol as a novel solvent to 

control morphology. 

METHODOLOGY 

A solvent-magnetizing device was applied 

to magnetize methanol [7]. The magnetic 

field exposure time was controlled in a closed 

cycle from 1 pass to 60 min (Fig. 1). 

The primary synthesis of BiOI 

photocatalysts followed the solvothermal 

method from the literature [3]. The 

synthesized BiOI photocatalysts were labeled 

as Bi-X (x: 0, 1 pass, 15, 30, and 60), 

corresponding to the magnetization time of 

methanol. 

 
Fig.1 Schematic of Solvent Magnetizing Apparatus (SMA) 

RESULTS AND DISCUSSION 

Fig. 2 illustrates the morphological 

structure of the synthesized BiOI 

photocatalysts. The pristine BiOI and Bi- 1 

pass displayed numerous irregular 2D 

nanosheets assembled into 3D flower-like 
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structures (Fig. 2 (a, b) to (c, d)). In contrast, 

Fig. 2 (e, f) depicted Bi-15  formed regular 

3D flower-like microsphere structures [3]. 

The development of the nanoflower structure 

from Bi-0 to Bi-30 highlights the impact of 

magnetic field exposure time on the 

morphology of methanol-treated BiOI (Fig. 2 

(a, b) to (g, h)). Finally, the nanoflake 

structures of Bi-60 are shown in Fig. 2 (i, j). 

This indicates that magnetized methanol 

significantly influences the synthesis process 

and structural arrangement. 

Fig.2 FESEM images of (a, b) Bi-0, (c, d) Bi-1 pass, (e, f) Bi-15, 

(g, h) Bi-30, and (i, j) Bi-60 in the 2 µm and 500 nm scales. 

CONCLUSION 

In conclusion, a novel approach utilizing 

magnetized solvent for the synthesis of 

bismuth oxyiodide semiconductors was 

introduced. It was found that adjusting the 

magnetic field exposure time could yield the 

desired bismuth oxyiodide structure. 

This study has shown that magnetized 

methanol can affect the crystallinity and 

morphology of BiOI. Overall, this method 

provides a sustainable and efficient way for 

the synthesis of nanostructures, consistent 

with environmentally friendly practices. 
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Abstract- A new generation of advanced diagnostic tools has been developed based on nanobiosensors that have 

revolutionized the method of detecting bacterial zoonotic diseases more quickly and accurately. In addition to being a 

major threat to public health, bacteria, and zoonotic diseases, which may be transmitted from humans to animals, can 

negatively affect the global economy. Nanobiosensors combine biological components with nanotechnology to detect 

biological targets, such as antigens, DNA, or bacterial cells, compassionately and accurately. This review article 

provides an overview of nanobiosensors, including their structure and function. In addition to their advantages of 

having short response times and high accuracy, these new tools can also detect complex samples quickly. A rapid and 

more efficient method of detecting microorganisms than that employed by molecular methods such as PCR or 

microbial culture. Despite this, their widespread use in clinical settings has yet to be extended due to challenges such 

as production costs and a need for standardization. 

Keywords: Nanotechnology, Nanobiosensors, Bacterial infection, Zoonotic diseases, Diagnosis 

INTRODUCTION 

Public health and food security are 

seriously threatened by zoonotic diseases 

transmitted by bacteria to humans [1]. It is 

vital to detect these bacteria early and 

accurately, even at the initial stages of 

infection, to control disease outbreaks, reduce 

treatment costs, and prevent epidemics from 

spreading. 

Traditional means of diagnosing diseases, 

such as microbial cultures and polymerase 

chain reactions (PCR), have made 

considerable advances in recent decades; 

however, they still have some limitations, 

such as being time-consuming, requiring 

sophisticated equipment, and being relatively 

expensive [2]. While nanobiosensors have 

been shown to have great potential in 

providing new, accurate, and efficient tools to 

overcome these challenges, they still have a 

long way to go [3]. 

Nanobiosensors are nanotechnology-based 

diagnostic devices that detect a specific target 

using biological components such as 

enzymes, antibodies, or DNA [4]. Due to 

their high sensitivity, fast response time, and 

multiplex detection capabilities, these 

devices rapidly expand in the biomedical, 

environmental, and food industries [5]. The 

current review aims to investigate the 

application of nanobiosensors to detect 

zoonotic bacteria. 

NANOBIOSENSORS 

Nanoniosensors usually comprise three 

main parts: the biocomponent, the transducer 

component, and the signal processing system. 

The biocomponent, which often includes 

antibodies, aptamers, or enzymes, recognizes 

the specific target [6]. As a result of the 

transducer, the biological signal produced by 

the biocomponent is converted into an 

electrical, optical, or electromagnetic signal 

to process it. After the signals are collected, 

the processing system analyzes them to 

determine whether there is an actual presence 

or concentration of the target [7]. This 

provides qualitative and quantitative analysis 

of the signals. 
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Because of their unique optical and 

electrical properties, these nanoparticles can 

be used to produce high sensor sensitivity and 

accuracy [8]. An example of using gold 

nanoparticles to enhance optical signals is 

using plasmonic nanobiosensors, which can 

detect targets with low concentrations of 

pollutants using plasmonic nanoparticles to 

amplify optical signals. Furthermore, 

nanobiosensors can perform faster and more 

accurate measurements because they are 

constructed using carbon nanotubes and 

quantum dots. In recent years, 

nanobiosensors have been widely used in 

various fields, including medicine and 

disease diagnosis [9]. 

APPLICATION 

Nanobiosensors have become increasingly 

widespread in recent years in diagnosing 

zoonotic diseases caused by bacterial species, 

and positive results have been reported in this 

field. Brucella spp. has been detected 

successfully by antibody-based 

nanobiosensors, one of the most successful 

examples of this type of detection in serum 

and milk samples [10]. These 

nanobiosensors, utilizing gold nanoparticles 

and monoclonal antibodies, have detected 

bacteria rapidly and accurately with higher 

sensitivity than conventional methods [1]. 

Such technologies are particularly useful in 

remote areas with limited access to advanced 

laboratories. Moreover, leptospirosis can also 

be detected via aptamer-based 

nanobiosensors [11]. Nanobiosensors use 

synthetic aptamers that bind to specific 

antigens of Leptospira species, enabling early 

disease detection. 

Gold nanoparticle-based plasmonic 

nanobiosensors have been developed to 

detect campylobacteriosis DNA in food [12]. 

This technology reduces detection time to 

less than an hour, making food safety and 

disease prevention essential.  

CONCLUSION 

Since nanobiosensors are sensitive, have a 

short response time, and are applicable in a 

wide range of conditions, they are considered 

practical tools for detecting bacterial zoonotic 

diseases. However, several challenges still 

need to be addressed, such as production 

costs, stability under real-world conditions, 

and standardization. 
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Abstract- Nanoparticles and nanotechnology have attracted much attention in various fields, especially in the food 

packaging industry, in recent decades. Food packaging, which plays a fundamental role in maintaining food products' 

quality, safety, and sustainability, can reach a new efficiency level using nanotechnology. Nanoparticles such as metal 

nanoparticles and nanocomposites have unique properties, including antibacterial properties, preventing gas and 

moisture penetration, improving mechanical strength, increasing the shelf life of food, and reducing waste. In addition, 

using nanosensors in active and intelligent packaging makes it possible to detect food spoilage and provide accurate 

information to the consumer. Hence, the current review aims to explore nanotechnology, nanoparticles' critical 

properties, and their application in food packaging. Moreover, the current review examines the various applications of 

nanotechnology in food packaging, including active, innovative, and biodegradable packaging, with practical 

examples.  

Keywords: Nanoparticles, Nanotechnology, Active packaging, Food safety, Waste reduction  

INTRODUCTION 
Food packaging is one of the most 

important components in the food supply 

chain due to its ability to prevent spoilage and 

contamination as well as maintain the 

product's quality throughout its lifespan [1]. 

As the global population continues to grow at 

an exponential rate, as well as the increasing 

demand for healthy and safe food at all levels, 

it has become increasingly evident that 

advanced and effective packaging is needed 

today more than ever before [2]. Considering 

this, nanotechnology has been introduced as 

a revolutionary method of improving the 

performance of food packaging. 

Nanotechnology has the capability of 

modifying the properties of materials at the 

nanometer scale [3]. As a result, 

nanotechnology can expand the functionality 

of packaging as a whole. It has been proven 

that nanotechnology is capable of offering 

unique properties to packaging designers by 

supplying nanoparticles and nanostructured 

materials, which in turn have enabled 

packaging design with unique properties like 

excellent gas penetration resistance, 

antibacterial properties, and the ability to 

detect gases [4]. In addition to improving the 

shelf life of the product, these features 

increase the safety of the product. It has been 

shown that silver nanoparticle packaging 

inhibits microorganism growth so that gas 

and moisture cannot penetrate the package 

[5]. 

Hence, the current review explores 

nanotechnology, nanoparticles' critical 

properties, and their application in food 

packaging. It uses practical examples to 

examine nanotechnology applications in food 

packaging, including active, innovative, and 

biodegradable packaging.  

NANOTECHNOLOGY 
In the field of nanotechnology, there are a 

variety of material production, application, 

and design methods that are used to produce 

materials that are smaller than one nanometer 

in size, typically between one and a hundred 

nanometers [6]. Depending on the size and 

shape of the material, it can possess physical, 

chemical, and biological properties that may 

differ from those of its bulk state [7]. A 
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variety of properties can be observed in this 

material, including increased surface area, 

improved reactivity, and changes in optical 

and mechanical properties [8]. 

Among the critical components of 

nanotechnology are nanoparticles, which are 

small, highly crystalline particles [9]. 

Nanoparticles can be manufactured from any 

type of material, such as metals, polymers, 

natural materials, or combinations of these 

materials. Nanoparticles are widely used in a 

wide variety of industrial, biomedical, and 

environmental applications because of their 

high surface areas and unusual behavior [9]. 

The use of nanoparticles, such as silver 

nanoparticles that have a high level of 

antibacterial activity, is widespread in food 

packaging and medical devices [10]. 

APPLICATION IN FOOD 

PACKAGING 
Nanoparticles in food packaging fall into 

three categories: active, smart, and 

biodegradable. Active packaging involves 

materials that interact directly with food and 

extend product shelf life by releasing or 

absorbing specific compounds [11]. For 

example, packaging containing silver or 

copper nanoparticles can inhibit 

microorganism growth and prevent food 

spoilage [12]. 

Nanosensors based on gold and silver 

nanoparticles in food packaging can detect 

pH changes or spoilage gas production. They 

provide information about product quality 

[13]. 

Biodegradable packaging is another 

nanotechnology application in the food 

industry. Added nanoparticles to natural 

polymers such as chitosan or polylactic acid 

can improve the strength and durability of 

these materials while maintaining 

biodegradability. This approach reduces 

plastic waste and protects the environment 

[14]. 

CONCLUSION 
As nanotechnology and nanoparticles are 

emerging as novel means of enhancing food 

packaging safety, quality, and sustainability, 

they provide unique opportunities for 

improvement. Nevertheless, there are still 

many challenges that are yet to be overcome, 

such as high production costs, safety 

concerns, and environmental impacts.  
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Abstract— Carbon nanotubes (CNTs) have remarkable properties, making them suitable for diverse applications. 

Chemical Vapor Deposition (CVD) is a widely adopted synthesis technique due to its scalability and flexibility. This 

study investigates critical factors such as temperature, catalyst type, pressure, growth time, and carbon sources, 

statistically analyzing data from 400 studies. Results indicate that optimal conditions vary based on CNT type (SWNT 

or MWNT) and desired properties, such as length and alignment. Understanding these dependencies enables improved 

control of the CVD process, resulting in higher-quality CNT production. 

Keyword: CNTs, CVD, Statistical Analysis, Growth Factors. 

 

INTRODUCTION 

Carbon nanotubes (CNTs) possess 

extraordinary mechanical, electrical, and 

thermal properties, making them essential in 

diverse applications, such as sensors, display 

panels, and lightweight composites  [1] [2] [3, 

4]. Among the various synthesis methods, 

Chemical Vapor Deposition (CVD) is 

particularly effective for producing vertically 

aligned CNTs (VACNTs). This process 

involves using a substrate coated with a 

catalyst, heated above 700°C, to facilitate the 

interaction between carbon precursors and 

the catalyst. CVD enables large-scale 

production, but its success depends on 

controlling various interrelated factors, such 

as temperature, pressure, and carbon source. 

This study analyzes data from approximately 

400 studies to identify optimal conditions for 

CNT growth, aiming to simplify and enhance 

production while minimizing defects.  

METHODS OF GROWING 

VACNTS A.  

CVD techniques are categorized based on 

chamber pressure, reactor type, carbon 

source, and heating methods. Thermal CVD 

(TCVD) and Plasma-Enhanced CVD 

(PECVD) are prominent techniques: 

Thermal CVD (TCVD) Operates at high 

temperatures and is widely used for large-

scale CNT production. 

Plasma-Enhanced CVD (PECVD) Allows 

for lower synthesis temperatures and 

produces free-standing structures, making it 

versatile for growing VACNTs and other 

carbon-based materials [5] . 

ROLE OF SUBSTRATE AND 

BUFFER LAYERS 

Buffer layers are crucial in preventing 

undesired reactions between the catalyst and 

substrate. For instance: 

Silica (SiO2) Acts as a protective barrier, 

preventing catalyst-substrate reactions and 

enhancing CNT spinnability into yarns [6, 7]. 

Alumina (Al2O3) Minimizes catalyst 

agglomeration and improves gas 

permeability, ensuring controlled growth [8]. 

Aluminum (Al) Functions as a buffer layer 

due to its low melting point, which prevents 

substrate infiltration [9, 10]. 

Statistical analyses show that combinations 

like Si/SiO2 and composite layers (e.g., 

Al2O3/SiO2/Si) are optimal for consistent 

CNT growth.  
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CATALYST SELECTION 

Transition metals such as iron (Fe), cobalt 

(Co), and nickel (Ni) are widely used due to 

their high carbon solubility and catalytic 

activity. These catalysts influence CNT 

structure, diameter, and yield. Key 

advancements include: 

Bimetallic Catalysts (e.g., Fe-Co, Fe-Ni) 

Improve catalytic efficiency through 

synergistic effects. 

Nanostructured Catalysts (e.g., 

nanoparticles, nanowires) Provide higher 

surface area, promoting efficient growth. 

Non-metallic Catalysts (e.g., MgO, Al2O3) 

Reduce poisoning and enhance chirality 

control. 

Statistical data highlights Fe and Ni as the 

most effective catalysts for producing single-

walled (SWNTs) and multi-walled CNTs 

(MWNTs). 

EFFECT OF TEMPERATURE 

Temperature is a critical factor in CNT 

synthesis. Statistical studies reveal that: 

Higher Temperatures (900–1200°C) Favor 

SWNT growth and result in longer CNTs. 

Moderate Temperatures (750–850°C) Are 

optimal for MWNTs. 

Low Temperatures (600–900°C) Result in 

diminished growth and lower quality. 

For example, CNT length increases from 8 

µm at 800°C to 165 µm at 1100°C, 

illustrating the importance of precise 

temperature control [11]. 

GROWTH TIME 

CNT length is strongly influenced by 

growth time. Optimal durations are: 

2400–3600 Seconds: Lead to maximum 

CNT length due to continuous carbon 

deposition. 

Extended Durations (>3600 Seconds): 

Result in catalyst deactivation and 

accumulation of amorphous carbon, reducing 

CNT length [12]. 

Statistical data underscores the need for 

balanced growth times to ensure high-quality 

production. 

PRESSURE 

Pressure plays a pivotal role in controlling 

CNT morphology and yield. Key findings 

include: 

Moderate Pressures (~8000 Pa) Promote 

longer CNT growth and higher yield. 

Low Pressures (<133 Pa) Lead to hollow 

structures and additional graphene layers 

[13]. 

High Pressures (>8000 Pa) Favor bamboo-

like structures with denser layering [14]. 

The results highlight the necessity of 

pressure optimization to tailor CNT 

properties for specific applications. 

CARBON SOURCE 

The choice of carbon source depends on the 

type of CNT being synthesized: 

SWNTs Require high-temperature-stable 

sources like methane (CH4) and carbon 

monoxide (CO). 

MWNTs Utilize sources like acetylene 

(C2H2) and ethanol (C2H5OH) at moderate 

temperatures. 

Statistical analysis confirms that selecting 

the appropriate carbon source is vital for 

achieving desired CNT quality and structure. 

OPTIMAL GROWTH CONDITIONS 

Key parameters for SWNT and MWNT 

synthesis include: 

Temperature: SWNTs require 900–

1200°C, while MWNTs grow optimally at 

600–1000°C. 

Catalyst: Precise control of particle size 

enhances SWNT production, whereas 

MWNT synthesis tolerates larger particles. 

Pressure: Lower pressures reduce defects 

for SWNTs, while MWNTs are produced 

under a wider range of conditions. 
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Carbon Source: Stable hydrocarbons are 

essential for SWNTs; a broader range of 

sources is acceptable for MWNTs. 

CONCLUTION 

The study identifies critical factors—

temperature, catalyst, growth time, pressure, 

and carbon source—that influence CNT 

synthesis via CVD. These parameters are 

interdependent, requiring precise control to 

optimize CNT properties. Future research 

should focus on understanding these 

interactions to further improve synthesis 

efficiency and scalability, enabling CNTs to 

meet diverse industrial needs. 
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Abstract— In this research, the effect of silane-modified carbon black and nano-silica hybrid fillers on the curing and 

dynamic properties of butyl rubber (IIR) nano compounds was studied. Results revealed that the modification process 

influenced curing properties. The ∆Torque and Maximum torque (Mh) increased to the value of 3.4 dN.m and 4.3 dN.m 

after silane modification CB, which led to higher cross-link density (163.1 mol/m3). Scanning electron microscopy 

(SEM) analysis indicated better dispersion of the modified CB in IIR nano compounds, which led to better properties 

and performance. The dynamic-mechanical-thermal analysis (DMTA) showed that modified CB reduced rolling 

resistance and improved ice grip potential. Overall, selecting modification approaches is crucial for achieving optimal 

results in the performance and application of IIR. 

Keywords: Nano-silica, Carbon black, butyl rubber, Modification, DMTA 

INTRODUCTION 

Butyl rubber, also known as isobutylene-

isoprene rubber (IIR), exhibits a low rate of 

gas permeability, High long-term thermal 

stability, ozone and weather resistance, and 

chemical and moisture resistance. It is used in 

tire tubes, inner liners for tubeless tires, wire 

and cable applications, tire curing bladders, 

and sealants [1]. IIR is reinforced with 

different types of fillers to improve its 

properties. Tire inner liners are commonly 

reinforced with carbon black. Carbon black 

and nano-silica significantly improve the 

mechanical and dynamic properties of the 

rubber compound [2]. Based on our previous 

work [3], modified CB demonstrates 

significant potential for application as a filler 

in rubber compounding. Therefore, silane-

modified CB in nano-silica-reinforced IIR 

nano compounds aiming to enhance tire 

performance have been studied. 

Understanding butyl rubber compounds' 

curing and dynamic properties is essential for 

realizing their optimal design and 

applications. The present study aims to 

investigate the effect of modified CB and 

nano-silica as hybrid fillers on the 

performance of IIR-filled rubber nano 

compounds. 

METHODOLOGY 

As described in our previous work [3], 

carbon black was first oxidized by citric acid 

monohydrate and after that, the obtained 

material was modified with silane coupling 

agent (TESPT) and was labeled "Modified-

CB". Table 1 presents the composition of the 

IIR nano compounds prepared in this study. 

A two-roll mill was used to mix the 

ingredients, and after that, the rubber nano 

compounds were cured in a compression 

mold at a temperature of 160 °C and a 

pressure of 150 bar.  

Table 1. Formulation of butyl rubber nano compounds. 

Samples 

Ingredients* 

CB/Nano-

Silica/IIR 

Modified-CB/Nano-

Silica/IIR 

IIR (phr) 100 100 

CB (phr) 5 0 

Modified-CB (phr) 0 5 
 *Amounts of other components in both nano compounds:Nano-

Silica, 5, Nano-ZnO, 6, Stearic acid, 2, S, 3, and TBBS, 4 phr. 

RESULTS & DISCUSSION 

“Fig. 1” shows the cure curve (torque vs 

time) of IIR nano compounds obtained by 

MDR at 160 ℃. ∆Torque represents the 

variation between the maximum and 

minimum torque observed in the cured 

samples, indicating alterations in the cross-
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link density (CLD) of the vulcanized rubber. 

According to “Fig. 1”, the Modified-

CB/nano-silica/IIR compound revealed 

higher ∆Torque (3.4 dN.m) and, as a result, a 

higher CLD value (163.1 mol/m3). The 

obtained results conformed with the other 

report [4].  

 
Fig 1. The curing curve of IIR nano compounds obtained by MDR 

at 160 ℃. 

“Fig. 2” presents a comparison of SEM 

images (at the magnitude of 1 μm) showing 

the cross-sectional surfaces of cured IIR 

compounds with CB/nano-silica and 

Modified-CB/nano-silica nano-fillers. The 

addition of TESPT agents improves the 

interaction between the fillers and rubber, 

reducing their tendency to aggregate. As a 

result, modified-CB/nano-silica is better 

dispersed within the IIR matrix, leading to 

improved dynamic properties. The results of 

SEM images were consistent with the results 

of dynamic properties [5]. 

 
Fig 2. SEM images of CB/Nano-Silica/IIR (a) and Modified-

CB/Nano-Silica/IIR (b) nano compounds at the magnitude of 1 μm. 

The DMTA test was conducted to 

investigate the dynamic behavior of the cured 

nano compounds at a constant frequency of 1 

Hz with a temperature sweep between -150 to 

80 ℃ at a heating rate of 5 ℃/min. “Fig. 3” 

illustrates the comparison of damping or loss 

factor (tan 𝛿) at temperatures of -20 ℃ and 

60 ℃ for selected IIR nano compounds. 

Modified-CB/Nano-Silica/IIR represented a 

high ice grip (high tan 𝛿 at -20 ℃). At the 

same time, it illustrates low rolling resistance 

and reduced fuel consumption and pollution 

(low tan 𝛿 at 60 ℃) compared to the 

CB/Nano-Silica/IIR sample due to the better 

filler dispersion in IIR nano compounds. 

Similar observations were reported in another 

report [4]. 

 
Fig 3. Comparison of damping factor (Tan δ) at temperatures of -20 

℃ and 60 ℃ for CB/Nano-Silica/IIR and Modified-CB/Nano-

Silica/IIR compounds at 1 Hz. 

CONCLUSIONS 

IIR nano compounds were prepared via a 

two-roll mill with different types of fillers. 

DMTA and SEM analysis showed that the 

prepared IIR nano compound with modified-

CB/nano-silica hybrid fillers has lower 

rolling resistance and enhanced ice grip than 

CB/nano-silica fillers due to better filler 

dispersion. Moreover, the silane-modified 

CB increased ∆Torque, which resulted in a 

higher CLD value. 
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Abstract— It has been shown that the addition of gold nanoparticles in the tumour can improve the treatment gain in 

radiation therapy. In the present study, the dose enhancement ratio caused by I-125 Brachytherapy seeds with the 

presence of 3, 5, and 7 mg/g gold nanoparticles has been evaluated. The simulations were carried out on both 

macroscopic and microscopic scales using Geant4 and Geant4-DNA Monte Carlo toolkits, respectively. In both 

simulation scales, increasing the concentration of gold nanoparticles resulted in a dose enhancement of up to nearly 

75%. Simulation results were similar at both macroscopic and microscopic scales when gold nanoparticles were 

physically defined, as opposed to when only tumour and cell densities were increased by the presence of nanoparticles. 

Direct and indirect DNA damage per primary photon also increased by raising the concentration of gold nanoparticles. 

In conclusion, the combination of gold nanoparticles with I-125 brachytherapy will be a promising approach for the 

treatment of lung tumours. 

Keyword: Brachytherapy, Lung cancer, Nanoparticles, Monte Carlo simulation, Geant4 

INTRODUCTION 

Brachytherapy is one of the appropriate 

methods for treating lung cancers [1]. In 

brachytherapy, very small radioactive 

sources are placed within the tumour. 

Therefore, the maximum dose is delivered to 

the tumour and the nearby tissues are well 

sparred [1]. The low-energy I-125 seeds with 

dimensions of less than 5 mm are presented 

as encapsulated seeds from which only 

photons with an average energy of about 28 

keV are emitted [2]. In the past decades, using 

gold nanoparticles (NPs) in radiotherapy, 

particularly in brachytherapy, has been 

introduced as an interesting idea to enhance 

the tumour dose [3]. By increasing the atomic 

number (Z) of the NP, the possibility of 

photoelectric interaction increases, which 

will result to the tumour dose enhancement. 

In related Monte Carlo simulations, some 

studies have simulated the physical presence 

of NPs in detail, while others have only 

investigated the effect of increasing tumour 

density [4]. That is, NPs were not simulated 

in a real way and only one of their effects in 

the tumour, i.e., the increase in density was 

taken into account. Recently, multi-scale 

Monte Carlo simulation studies have 

attracted the attention of researchers in 

various fields. Numerous studies have been 

carried out on a cellular scale that examined 

DNA damage in the nucleus of a mammalian 

cell with and without the presence of gold 

NPs [5]. A comparative study of these 

approaches has not been performed so far for 

a lung tumour under the treatment of 

brachytherapy with I-125. Thus, this study 

aims to examine this dose enhancement ratio 

(DER) at macroscopic and microscopic 

scales using the Geant4 Monte Carlo 

simulation toolkit [7]. 

 MATERIALS &METHODS  

We used the Geant4 toolkit (version 11.1) 

with the “G4EmStandardPhysics_option4” 

physics constructor for calculating DER at 

the macroscopic scale. The Geant4-DNA 

extension with the 

“G4EmDNAPhysics_option4” physics 

constructor was used for calculating DER at 

the microscopic scale. The MIRD human 

phantom was employed using the 

“Human_Phantom” example from the Geant4 

advanced examples. A cubic tumour with a 

size of 3 cm was placed in the right lung. The 

tumour was defined as soft tissue (1.0 g/cm3). 

The tumour is divided into a voxelized 

volume, where each voxel contains a gold NP 

with a diameter of 50 nm. Four 

concentrations of 0, 3, 5, and 7 mg/g were 
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defined for gold NPs. Thirty-five Amersham 

OncoSeed 6702 LDR seeds [2] were 

implanted in the tumor in five planes with a 

center-to-center distance of 1 cm. Each I-125 

seed was defined as a cylinder with a radius 

of 0.4 mm and the total length of 4.5 mm. At 

microscopic stage, we used the 

“WholeNuclearDNA” extended example [7] 

of the Geant4 toolkit to fully simulate the 

details of DNA structure. The cell model is an 

ellipsoid of 13.0 × 11.0 × 5.0 µm3 

dimensions. A total of 1544, 3603, and 5662 

gold NPs were implanted in the cytoplasm for 

3, 5, and 7 mg/g concentrations, respectively. 

DNA damage is categorized into two general 

classes: SSB and DSB, which can be direct, 

indirect, or Mix. Direct and indirect DNA 

damages are the damages resulting from 

physical and chemical stages, respectively. 

At macroscopic and microscopic simulation 

stages, the DER was calculated by Eq. (1) and 

Eq. (2), respectively: 

DER = (Tumor dose with NPs) / (Tumor 

dose without NPs) 

DER = (Nucleus dose with NPs) / (Nucleus 

dose without NPs) 

In the case that NPs were not physically 

present, the DER was calculated by Eq. (3): 

DER = (Tumor dose with new density) / 

(Tumor dose with original density) 

RESULT & CONCLUSION 

In Fig. 1, the DER is compared in two 

macroscopic (tumor) and microscopic (cell) 

scales. Two different approaches of physical 

and non-physical (i.e., based on the tumor 

density) definition of NPs have been 

compared. According to Fig. 1, with 

increasing NP concentration, the dose 

increases rapidly. The results of two different 

approaches to implementing the definition of 

nanoparticle are completely different. At the 

macroscopic scale, when NPs are physically 

defined the DER is less than when only tumor 

density is manipulated. At the microscopic 

scale, the opposite is true. One of the reasons 

that in the previous simulation studies, many 

researchers used the density enhancement 

method to calculate the DER at the 

macroscopic scale is that a huge number of 

NPs must be defined for a typical weight 

percentage. It required extremely high 

computing resources. Recently, many 

researchers have been moving towards 

microscopic scale simulations in order to 

simulate higher concentrations of NPs for 

DER calculations. The correspondence of 

DER with the physical definition of NPs 

highlights the importance of the physical 

definition of NPs in both macroscopic and 

microscopic scales (see Fig. 1). The 

advantage of simulation on a microscopic 

scale is that it is possible to simulate higher 

concentrations of NPs due to the micrometric 

dimensions of cells and the relatively low 

number of NPs. 

 

 

 
Fig. 1 The DER obtained with the presence of 3, 5, and 7 mg/g 

gold NPs in macroscopic (a) and microscopic (b) scales with two 

simulation approaches. 

The induced DNA damage (direct and 

indirect SSBs as well as direct, indirect, and 

mix DSBs) per event in a fibroblast cell with 

and without the presence of gold NPs is 

presented in Fig. 2. 
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Fig. 2 Single (a) and double (b) strand break (SSB and DSB) per 

history induced in a fibroblast cell model with and without the 

presence of gold NPs in its cytoplasm. 

According to Fig. 2, with the increase in the 

concentration of gold NPs, both SSB and 

DSB damages (per primary photon) increase 

because with an increase in the concentration 

of NPs, the probability of photons hitting 

them increases. Also, an increase in the 

production of high-energy secondary 

electrons will be observed due to the increase 

in the photoelectric effect as well as auger 

electrons. These extra secondary electrons are 

the main cause of DNA damage. The 

predominance of indirect damages is 

consistent with previous studies [8]. It is due 

to the fact that by increasing the energy 

deposited in the cell, more free radicals are 

produced in the chemistry stage. In general, 

simultaneous Monte Carlo simulation studies 

at both macroscopic and microscopic scales 

are recommended for a better understanding 

of dosimetry outputs. 

In conclusion, gold NPs are a promising 

agent for the treatment of lung tumor along 

with brachytherapy since they can increase 

the dose to the tumor up to 75%. The resulting 

DNA damage per primary photon increased 

with increasing the concentration of gold 

NPs, which confirms the usefulness of gold 

NPs with higher concentrations (if possible) 

in the treatment of lung tumors with I-125 

seeds. 
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Magneto-impedance and Magnetic Sensitivity of FeCoSiB Nano-

crystalline Micro-wires under Applied Longitudinal Stress 
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Abstract— The study examined the effect of longitudinal stress on the magneto-impedance (MI) and magnetic 

sensitivity of FeCoSiB nano-crystalline micro-wires at frequencies from 0.5 to 8 MHz. Results showed that 

longitudinal stress significantly enhanced MI, with the highest MI response of 189% at 3 MHz and 70 MPa stress. This 

method is proposed as a cost-effective and efficient approach for designing stress sensors using the giant magneto-

impedance effect. 

Keyword: Magneto-impedance, Magnetic sensitivity, Nano-crystalline, Micro-wires, Longitudinal stress 

INTRODUCTION 

The magneto-impedance (MI) effect 

causes significant impedance changes in 

magnetic materials under AC current and a 

DC magnetic field. The MI ratio (MIR) 

depends on factors like magnetic 

permeability, sensitivity, and the skin effect. 

Structural defects in materials like micro-

wires and thin films can alter their magnetic 

properties and domain structure. The MI ratio 

(MIR) is expressed as follows: 

𝑀𝐼𝑅(%) =
𝛥𝑧

𝑧
=

{Z(H) − Z(Hmax)}

Z(Hmax)
∗ 100 

(1) 

Magnetic sensitivity, crucial for sensor 

applications, is measured by the slope of the 

MIR curve in response to an external 

magnetic field. 

𝑆 =
d(

ΔZ
Z

)

𝑑𝐻
 

(2) 

 Fe-based nano-crystalline micro-wires are 

promising sensor materials due to their high 

permeability and ease of fabrication, though 

research on the impact of longitudinal stress 

is limited. Studies show that applying stress 

can slightly improve magnetic properties, 

with Fe-rich wires showing a small increase 

in MIR. This study explores the MI and 

magnetic sensitivity of FeCoSiB micro-wires 

under stress, finding significant 

improvements and identifying optimal 

annealing conditions and measurement 

techniques for sensor applications. [1-4]. 

MATERIALS & METHODS 

Nano-crystalline Fe68.15 Co4.35 Si12.5 

B15 micro-wires were prepared using rapid 

quenching from the melt in a vacuum. Pieces 

measuring 40 mm in length and 20 

micrometers in diameter were subjected to 

longitudinal stress. Initially, the magneto-

impedance ratio (MIR) of the as-cast samples 

was measured at fixed frequencies. The 

measurements were taken using a Hioki 7581 

impedance analyser. 

 
Fig 1: Schematic view of the tensile stress annealing setup 

To apply longitudinal stress to the micro-

wires, we utilized a homemade setup, as 

illustrated in Fig. 1. One end of the sample 

was anchored to a fixed point, while the other 

end was attached to various weights. The 

samples were subjected to tension for 30 

minutes using weights of 118, 165 and 282 g, 

corresponding to tensions of 50, 70, and 120 

MPa, respectively. 



 

2th Regional Symposium On Innovation In Science And Technology   
 

52 NANO TECHNALOGY 

 

RESULTS & DISCUSSION 

Figure 2 presents the Magneto-impedance 

Response (MIR) of Fe-based nano-crystalline 

micro-wires under varying longitudinal 

stresses at frequencies of 1, 3, and 5 MHz, 

plotted against an external magnetic field. As 

the DC field increases, the MIR initially rises 

to a peak before declining.  

In detail: 

- At 1 MHz (Fig. 2a): With a longitudinal 

stress of 70 MPa, MIR increases from 122% 

to 153%, and magnetic sensitivity rises from 

3.17 to 6.22 %/Oe. 

- At 3 MHz (Fig. 2b): The MIR under the 

same stress condition improves from 132% to 

186%, with sensitivity increasing from 4.90 

to 7.73 %/Oe, marking the best results of the 

study. 

- At 5 MHz (Fig. 2c): Here, the MIR 

increases from 124% to 162% and sensitivity 

from 4.52 to 5.59 %/Oe. 

The application of longitudinal stress 

enhances the magneto-elastic anisotropy of 

the micro-wires, increasing wall energy and 

leading to domain realignment. This 

reorganization reduces internal area, thereby 

altering the interaction between external and 

internal stresses and affecting the domain 

structure. As a result, the circumferential 

permeability increases due to the AC-induced 

circumferential field, raising the switching 

field and requiring a larger DC magnetic field 

to achieve saturation in the longitudinal 

direction as Hex approaches the anisotropy 

field. 

 
Fig 2: MI curves for frequencies a 1, b 3 and c 5 MHz of Fe-based 

magnetic micro-wire 

The second key factor influencing the MI 

effect is the magnetic sensitivity of the 

sample. For a clearer comparison, Fig. 3 

presents the magnetic sensitivity as a function 

of longitudinal stress at frequencies of 1, 3 

and 5 MHz The highest magnetic sensitivity 

observed across all measurements is 7.73 

%/Oe, achieved with a longitudinal stress of 

70 MPa applied to the sample [5]. 
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Fig 3. Field sensitivity versus tensile stress at frequencies of 1, 

3and 5 MHz 

CONCLUSIONS 

This study examines the effects of 

longitudinal stress on the magnetic properties 

of FeCoSiB nano-crystalline micro-wires. It 

finds that applying a longitudinal stress 

significantly enhances the magneto-

impedance (MI) and magnetic sensitivity of 

these micro-wires. The underlying 

mechanism involves the rearrangement of 

domain walls due to the applied stress, which 

increases both circumferential anisotropy and 

magnetic permeability [6]. Specifically, an 

optimized stress of 70 MPa can boost the MI 

ratio by up to 189% and enhance magnetic 

sensitivity to 7.73%/Oe. These findings 

suggest that utilizing a longitudinal stress of 

70 MPa could effectively improve the 

impedance response of FeCoSiB micro-

wires, paving the way for the development of 

stress sensors based on the MI effect. 
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Antidiabetic activity of Citrullus Colocynthis Compounds Against 

Glycogen Phosphorylase Using Molecular Docking  
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Abstract— Diabetes is one of the developing diseases in the world that leads to increased blood sugar. Chemical drugs 

such as metformin, acarbose, etc. are used to treat diabetes, which have side effects. As a result, the desire to replace 

and use medicinal plants to treat diabetes has increased. Citrullus colocynthis is one of these medicinal plants whose 

compounds are effective in treating blood sugar. Our approach is to identify the compounds present in this plant and 

investigate the inhibitory effect of the compounds on the Glycogen phosphorylase protein, one of the proteins involved 

in diabetes. We use AutoDock Vina software to perform molecular docking and find effective compounds. 

Keyword: Diabetes, Citrullus colocynthis, AutoDock Vina, Glycogen-phosphorylase 

INTRODUCTION 

Diabetes mellitus (DM) is a chronic disease 

that results from uncontrolled glucose levels 

and causes an increase in extracellular sugar 

[1]. According to the latest statistics reported 

in 2021, about 537 million people have 

diabetes [2]. The most common type of 

diabetes is type II diabetes. This type of 

diabetes is characterized by insulin resistance 

due to defective and delayed insulin 

secretion, improper functioning of the 

glucagon hormone, and impaired binding of 

insulin to the cell surface, along with relative 

insulin deficiency. Hereditary history, 

inactivity, increasing age, and weight are 

among the factors that contribute to diabetes 

[3]. Diabetes usually presents with symptoms 

such as thirst, excessive urination, blurred 

vision, and frequent infections [4]. There are 

various oral medications for managing 

diabetes, but the use of these medications can 

cause numerous side effects such as 

hypoglycemic shock, weight gain, loss of 

appetite, and digestive problems [5]. 

Medicinal plants can be a good alternative to 

chemical drugs in the treatment of various 

diseases such as diabetes due to their 

availability, good efficacy, and low side 

effects [1]. 

Citrullus colocynthis from the 

Cucurbitaceae family is one of the most 

effective plants in the treatment of diabetes. 

The extract of this plant contains effective 

compounds such as alkaloids, flavonoids, 

saponins, terpenoids, and glycosides, the 

consumption of which leads to increased 

insulin secretion [6, 7]. 

We intend to use the AutoDock Vina 

molecular docking simulation software to 

investigate the interaction and binding of 

compounds found in Abu Jahl watermelon on 

the glucagon phosphorylase enzyme, an 

enzyme effective in diabetes. 

METHOD 

In this study, after identifying the 

compounds in Citrullus colocynthis, five 

compounds were downloaded from the 

PubChem database at 

https://pubchem.ncbi.nlm.nih.gov/ and 

transferred to Chimera 1.15rc.lnk software, 

and after optimizing the compounds, they 

were saved in (.pdb) format. Also, the 

Glycogen-phosphorylase protein (PDB ID: 

5IKO), which causes the enzymatic synthesis 

of glucose from glycogen and consequently 

increases blood glucose [8], was downloaded 

from the PDB database at 

https://www.rcsb.org/ and edited, optimized, 

and saved in PDB format by Chimera 

1.15rc.lnk software. 

Using AutoDock Vina software, docking 

between 5IKO protein and compounds was 

performed in a grid box with Maximize 

coordinates and Exhaustiveness: 100; to 

obtain the strongest interaction with the 

lowest binding energy, in order to determine 

the inhibitory effect of the compounds on this 

https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
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protein. The interaction between the protein 

and the compound is shown in "Fig. 1". 

 
Fig. 1 Interaction of Glycogen phosphorylase with Rutin in 

Citrullus colocynthis 

RESULT 

The 5IKO protein was bound to each of 

these compounds separately, and the results 

of these interactions are shown in Table 1. 

The results obtained may differ from the 

results of other systems due to the 

randomness of the molecular docking 

process. We considered the difference 

between the results of -0.3 to +0.3 to be 

acceptable. Based on the molecular docking 

results, rutin, one of the flavonoid compounds 

with a binding energy of -11.3 kcal/mol, was 

obtained as the best combination with the 

lowest energy.  

Table 1. Molecular docking of the herbal compounds with 

Glycogen phosphorylase 

Compound BEa 

(kcal/mol) 

Rutin -11.3 

Colocynthin A -11.1 

8-p-Hydroxybenzylisoviexin 4'-

glucoside 

-10.9 

6-p-Hydroxybenzylvitexin -10.4 

Colocynthin B -10.4 
a,Binding Energy 

In order to investigate the effectiveness of 

the plant compounds, we also bound a 

number of drugs effective in diabetes, 

including metformin, acarbose, repaglinide, 

and sitagliptin, with the 5IKO protein in the 

same way, and sitagliptin with -9.4 kcal/mol 

showed the best result. Citrullus colocynthis 

compounds had lower binding energy and 

better inhibitory effect than drugs, and this 

could be a strong point for replacing herbal 

compounds with chemical compounds. 

Medicinal plants have long been of interest to 

the natives of each region due to their easy 

accessibility, and given the progress of 

science and technology and the production of 

chemical drugs, the use of these plants is still 

popular among people. Diabetes is also one 

of the diseases that can be controlled with 

herbal drugs. All compounds that had better 

results than drugs in molecular docking are 

suitable options for investigation and study, 

and after their extraction, they can be used in 

the synthesis of herbal drugs or as an aid with 

synthetic inhibitors to reduce the dose of 

chemical drugs. 
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Abstract— In the present work, a novel and eco-friendly method was developed to prepare a green multifunctional 

adsorbent by modifying magnetic lignin via a beta-cyclodextrin agent (β-CD@lignin/Fe3O4). The produced β-

CD@lignin/Fe3O4 were then characterized using Fourier transform infrared spectroscopy (FTIR). The β-

CD@lignin/Fe3O4 was employed as an adsorbent to remove methylene blue from aqueous solutions. The results 

showed that methylene blue removal could reach up to approximately 97 % under an initial concentration of 20 mg L-

1, pH 7, contact time of 45 min, and adsorbent dosage of 0.6 g L-1. 

Keywords: Magnetic lignin, beta-cyclodextrin, Citric acid, Methylene blue 

INTRODUCTION 

The release of dyes, such as methylene blue 

(MB), into water can severely damage the 

ecological environment and threaten human 

health and safety [1]. Various adsorbents 

have been employed for adsorption. 

However, many of these materials face 

significant challenges, such as non-

biodegradability, high production costs, 

complex synthesis methods, and difficult 

separation processes [2]. Lignin, a complex 

aromatic macromolecule, is recovered from 

papermaking and polysaccharide-based 

biorefinery processes. Modifying lignin 

transforms waste into valuable materials with 

enhanced utilization potential [3]. Beta-

cyclodextrin (β-CD), a macrocyclic 

oligosaccharide, has a truncated cone-like 

structure with a hydrophobic inner cavity and 

a hydrophilic outer surface [4]. The synthesis 

and characterization of β-CD@lignin/Fe3O4 

form this study's foundational stage and 

primary focus. This adsorbent was prepared 

using a simple and eco-friendly method 

involving the modification of magnetic lignin 

(lignin/Fe3O4) with β-CD as a non-toxic 

modifying agent and citric acid as a cross-

linker. Subsequently, β-CD@lignin/Fe3O4 

was employed as a novel and highly efficient 

adsorbent for removing cationic dye. 

METHODOLOGY 

The suggested method for preparing β-

CD@lignin/Fe3O4 as a green adsorbent 

involves two distinct steps, detailed as 

follows: First, lignin/Fe3O4 was synthesized 

using a modified technique by Han et al. [5]. 

In the second step, to synthesize β-

CD@lignin/Fe3O4,  0.1 g of lignin/Fe3O4, 0.4 

g of β-CD, 0.4 g of citric acid, and 0.24 g of 

KH2PO4 catalyst were combined in a 

particular volume of water. Then, the solution 

was heated at 140 °C for 2 h. Finally, the 

synthesized magnetic adsorbent was dried 

overnight. 
 

RESULTS & DISCUSSION 

In the FTIR spectrum of β-

CD@lignin/Fe3O4 (Fig. 1(b)), the broadband 

at 3455 cm⁻¹ and the band at 2939 cm⁻¹ are 

attributed to O-H bond stretching vibrations 

and the antisymmetric stretching of -CH₂ 

groups, respectively [4]. A prominent peak at 

1740 cm⁻¹ corresponds to the stretching 

vibration of C=O [1]. The peak at 1635 cm⁻¹ 

is attributed to the stretching vibrations of C-

C bonds [4]. The lignin/Fe3O4 component is 

indicated by a distinct peak at 1594 cm⁻¹, 

corresponding to benzene ring vibrations. 

This peak overlaps with the peak at 1635 cm⁻¹ 
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in β-CD@lignin/Fe3O4. Moreover, the peaks 

at 1157 cm⁻¹ and 1028 cm⁻¹ are associated 

with C-O-C and C-OH vibrations, 

respectively [4]. A peak at 586 cm⁻¹ 

corresponds to the vibrations of the Fe-O 

bond in Fe3O4 [5].  

 
Fig. 1 Fourier transform infrared spectra of (a) lignin/Fe3O4 and (b) 

β-CD@lignin/Fe3O4.  

To evaluate the effect of β-

CD@lignin/Fe3O4 dosage on MB adsorption, 

varying amounts of adsorbent (0.3–1.2 g L⁻¹) 

were added to 20 mg L⁻¹ of MB solution, and 

the mixture was agitated for 45 min. As 

adsorbent dosage increases from 0.3 to 0.6 g 

L⁻¹, the removal efficiency of MB increases 

(Fig. 2). This trend is attributed to the greater 

availability of vacant adsorption sites. 

Therefore, the optimal dosage for the 

adsorbent is determined to be 0.6 g L⁻¹. 
 

 
Fig. 2 Effect of β-CD@lignin/Fe3O4 dosage on the MB 

removal (C0: 20 mg L-1, pH: 7, and contact time: 45 

min). 
 

CONCLUSIONS 

This research presents a novel method for 

synthesizing β-CD@lignin/Fe3O4 through a 

simple process utilizing safe and economical 

materials: lignin, beta-cyclodextrin, and citric 

acid. Fourier-transform infrared spectroscopy 

(FTIR) was employed to confirm the 

successful synthesis of the adsorbent. 

Subsequently, the performance of the 

synthesized adsorbent in the removal of 

methylene blue was investigated.  Under 

optimal conditions, the highest removal 

efficiency of methylene blue was 97 % within 

45 min. 
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UAV at pre-stall angles 
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Abstract—  This study examines the aerodynamic benefits of implementing a sinusoidal leading edge on a lambda-

shaped, subsonic flying wing with a 56-degree sweep angle and -3-degree twist. Numerical simulations, validated by 

experimental data over angles of attack from -5° to 20°, focused on optimizing lift, drag, and vortex formation. Results 

show that the sinusoidal leading edge improves the lift-to-drag ratio by approximately 20% within the 5° to 15° range, 

enhancing range and reducing fuel consumption. Unlike conventional dual-vortex structures, vortices form at each 

crest along the sinusoidal edge, potentially delaying flow separation at higher angles of attack by adding turbulent 

energy and promoting lateral reattachment. 

Keywords: Sinusoidal leading edge, Flying wing, Numerical simulation, Lift-to-drag ratio 

INTRODUCTION 

In recent years, various industries, 

particularly aviation, have been seeking 

continuous innovation to enhance 

performance and efficiency. One prominent 

advancement is the flying wing design, which 

integrates the wing and fuselage into a unified 

structure, improving aerodynamics, reducing 

fuel consumption, and enhancing stealth 

capabilities. Originally implemented in the 

Horten Ho-229 [1] and later advanced in 

modern designs like the B-2 Spirit by 

Northrop Grumman, this configuration 

removes the tail, reducing drag and radar 

cross-section, which is beneficial for both 

military and commercial use [2]. The flying 

wing's optimal design, with high sweep 

angles and lower wing loading, suits subsonic 

UAVs. For example, the Flying-V from Delft 

University could reduce fuel consumption by 

up to 20% [3]. Recent studies suggest that 

performance can be further enhanced with 

modifications such as split-drag systems and 

geometric twists, improving control surfaces 

and maneuverability [4]. 

This research focuses on the Swing UAV, 

introduced by Stenfelt and Ringertz [5], 

examining geometric modifications such as 

adding sinusoidal tubercles to the leading 

edge. Numerous studies have already 

explored its stability and lateral control [6]. 

This concept draws inspiration from the 

humpback whale's pectoral fin, where unique 

bumps function similarly to vortex 

generators, delaying stall and enhancing 

stability [7]. Building on findings by Chen et 

al. [8], this study applies the optimal 

sinusoidal configuration to a delta wing UAV 

to investigate pre-stall effects, offering 

insights for optimizing future UAV designs. 

TEST CASE 

This study examines a lambda-shaped 

flying wing UAV with a span of one meter, a 

leading-edge sweep of 56 degrees, and a 

negative outer twist of 3 degrees. The wing 

uses a NACA-66009 airfoil and includes a 

central bulge for system integration, 

reflecting realistic aircraft conditions. Tests 

were conducted in the L-2000 wind tunnel at 

KTH, Stockholm [9]. Chen et al. [8] 

identified an optimal configuration with four 

wavelengths and an amplitude of 5% of the 

root chord, enhancing stall characteristics 

with minimal drag increase. This sinusoidal 

wave design maintains constant wing surface 

area by placing zero amplitude points on the 

leading edge (Fig. 1), ensuring consistent lift 

comparison between the baseline and 

sinusoidal models. 
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Fig. 1 Swing model with sinusoidal leading edge 

SIMULATION METHODOLOGY 

In this study, the continuity and momentum 

equations are solved in a steady-state manner 

using the finite volume method. A flow speed 

of 30 m/s with a Reynolds number of 6.9 × 

10^5 is used, and the RANS model with "k-ω 

SST" turbulence modeling is applied for 

accurate boundary layer prediction. The 

computational domain is a cylinder (30 m 

diameter, 45 m height), with refined meshing 

near the UAV and an unstructured grid of 

tetrahedral, pyramidal, and prismatic 

elements. Boundary conditions include 

velocity at the inlet, ambient pressure at the 

outlet, and a no-slip condition on the UAV’s 

surface. The mesh is densified in areas with 

high velocity and pressure gradients, with y+ 

maintained below 30 to optimize accuracy 

and computation. 

RESULTS 

The sinusoidal leading edge generally 

outperforms the plain edge, providing more 

stable lift, lower drag, and a higher lift-to-

drag (L/D) ratio (Fig. 2), particularly at 

optimal angles of attack (5–10 degrees). This 

shape minimizes flow separation and 

enhances stability, benefiting UAV 

efficiency and flight endurance. 

 
Fig. 2 Lift-to-drag ratio L/D variation with AoA 

Detailed L/D behavior across attack angles 

is as follows: 

-From -5 to 5 degrees angle of attack, there 

is no significant change between the 

sinusoidal and simple edge results 

-From 5 to 10 degrees: Optimal efficiency 

is achieved, with the sinusoidal edge 

providing a higher L/D, suggesting improved 

flow control. 

-From 15 to 20 degrees: L/D decreases for 

both edges, though it remains slightly higher 

with the sinusoidal edge due to reduced drag 

and stable lift. 

Further testing at varied speeds and angles 

would provide additional insight into the 

aerodynamic benefits of the sinusoidal design 

for UAV applications. 
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Numerical Study of Aero-Optical Effects at Hypersonic Regime 

Around the Optical Sensor of a Projectile 
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Abstract— This study presents a numerical investigation into the effects of aero-optical phenomena and light refraction 

caused by variations in the density field and shock waves on optical sensors and seekers of projectiles in the hypersonic 

flow regime. The focus is on a detailed analysis to better understand these aero-optical phenomena, the factors 

influencing light refraction, and how aerodynamic parameters affect density field variations due to airflow in the 

hypersonic regime, ultimately impacting the displacement and deviation of light beams. The research includes 

Computational Fluid Dynamics (CFD) simulations to model the fluid flow around guided projectiles and to 

quantitatively assess the impact of aerodynamic parameters on the performance of optical sensors as a result of aero-

optical phenomena. A numerical algorithm has been developed to accurately determine the deviation and tracking of 

light beams as they pass through a fluid medium with variable density fields. Consequently, this research provides a 

framework for understanding and mitigating aero-optical effects in aerodynamic environments within the hypersonic 

regime. 

Keyword: Aero-Optics, hypersonic, Optic, Computational Fluid Dynamics, Light Refraction 

INTRODUCTION 

In recent decades, the advancement and 

development of technology and emerging 

technologies have significantly transformed 

various sectors, including the aerospace 

industry, with wide-ranging applications such 

as surveillance, remote sensing, imaging, and 

environmental and territorial monitoring. 

Optical instruments, including cameras, 

infrared sensors, and laser rangefinders, play 

a crucial role in enhancing the capabilities of 

UAVs and guided projectiles [1]. These tools 

enable UAVs and projectiles to perform high-

resolution imaging, night vision, and precise 

distance measurement, essential for 

surveillance and reconnaissance missions, as 

optical equipment can accurately and quickly 

examine and monitor environmental 

conditions and physical phenomena. 

Integrating advanced optical sensors in 

UAVs has significantly improved their 

efficiency and operational effectiveness, 

making them indispensable tools in modern 

military tactical operations [2]. Fig. 1. 

Illustrate a UAV equipped with optical 

system. 

 
Fig. 1. UAVs equipped with an optical system used for intelligence 

operation [3] 

Similarly, in the field of guided projectiles, 

optical sensors are vital for identifying, 

tracking, and intercepting specific target 

coordinates or dynamic threats. For example, 

infrared sensors can detect the movement of 

a projectile or missile by identifying the 

thermal jet signatures emitted from the 

projectile's nozzle [4]. These sensors provide 

real-time data monitoring, which is crucial for 

the successful interception of projectiles or 

hitting predetermined targets, thereby 

enhancing the defensive capabilities of 

military forces. Therefore, the development 

and deployment of optical sensors and efforts 

to improve the performance and efficiency of 

these new systems have become part of 

effective and innovative strategies, ensuring a 

higher level of security and protection against 

potential threats [5]. Fig. 2.depicts a cruise 

projectile equipped with an optical sensor and 

seeker in its dome section for path tracking. 
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Fig. 2 View of a cruise missile equipped with an optical sensor in 

the nose [6] 

METHODOLOGY 

GOVENING EQUATION 

The governing equations in this research 

include the laws of conservation of mass, 

momentum and energy for a compressible 

flow with Mach number 9.86. 

RAY TRACING METHOD 

Ray tracing was done by using the 

refractive index field based on the obtained 

density field, then the light deviation was 

extracted based on the ray equation (1). 

( ( ). ) ( )
d dr

n r n r
ds ds

=   (1) 

In equation (1), r represents the position 

vector of the unit ray path. n(r) is the 

refractive index at the location of the ray and 

ds is the path length. ∇n(r) is the slope of the 

refractive index at the beam location r. 

NUMERICAL METHOD 

The turbulence model considered for this 

simulation was k-ω sst. Table 1. present the 

input conditions of the problem. 

Table 1. input thermodynamic conditions of the problem 

Free 

stram 

Mach 

No.  
(𝑴∞) 

Free stram 

static 

pressure 

(𝑷∞[𝑷𝒂]) 

Free stram static 

temperature 

(𝑻∞[𝑲]) 

Wall 

temperature  
(𝑻𝒘[𝑲]) 

9.86 59.92 48.88 300 

 GEOMETRY MODEL 

The geometry modeled is shown in Fig. 3.  

 
Fig. 3 typical blunt-headed cone of a projectile that include optical 

window [7] 

VALIDATION 

In order to validate the simulation, a 

validation of the wall heat flux ratio 

distribution at the hypersonic flow regime 

was performed and compared with 

experimental data [7] that is shown in Fig. 4. 

 
Fig. 4 [7] 

RESULTS & DISCUSSION 

Figure 5 illustrates the Mach number 

contour in the hypersonic regime. In this 

scenario, the shock wave region is thin and 

adheres closely to the surface, accompanied 

by heat generated from the chemical reactions 

of atmospheric elements. This phenomenon 

results in light deviations. 
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CONCLUSION 

this numerical study has provided 

significant insights into the complex aero-

optical effects experienced by optical sensors 

in the hypersonic flow regime. By 

meticulously analyzing the interactions 

between light refraction, density field 

variations, and shock waves, we have 

developed a comprehensive understanding of 

how these factors influence the performance 

of optical systems on projectiles. The use of 

CFD simulations has proven invaluable in 

modeling the fluid dynamics around guided 

projectiles, allowing for precise 

quantification of the impact of aerodynamic 

parameters on sensor functionality. 

These investigations are crucial for 

enhancing the accuracy and reliability of 

optical sensors in high-speed aerodynamic 

environments.  
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Abstract— The primary objective of this article is to enhance phase error correction in critical directions. Previous 

studies indicate that phase correction methods face significant limitations when addressing unwanted platform 

movements, leading to a degradation in output image quality. This research proposes a novel approach that focuses 

not solely on improving phase correction techniques but on achieving an efficient geometry for hydrophone array 

arrangement. The innovative goal is to increase the likelihood of receiver presence and improve the reception of 

returning signals, which can substantially mitigate the adverse effects of phase error. This issue is addressed by 

reducing the impact of unwanted impulses in critical degrees of freedom, complementing existing phase error 

enhancement methods. The findings suggest that optimizing hydrophone array configurations can lead to significant 

advancements in synthetic aperture sonar (SAS) applications, ultimately improving imaging performance and 

accuracy. 

Keywords —Synthetic Aperture Sonar, Hydrophone Array Arrangement, Efficient Geometry 

INTRODUCTION 

In  Synthetic Aperture Sonar (SAS), phase 

information is essential for enhancing image 

quality and accuracy. It refers to the position 

of a point in time within a waveform cycle, 

which is crucial for reconstructing images 

from collected data. Phase information plays 

a vital role in image reconstruction by 

allowing for target differentiation and 

improved resolution. It also aids in 

compensating for unwanted platform 

movements, ensuring data integrity and high-

quality imagery. Additionally, analysing 

phase shifts in returned signals is key for 

detecting and identifying targets. SAS 

applications include underwater military 

surveillance, environmental monitoring. 

Overall, effectively utilizing phase 

information is fundamental to advancing 

SAS  technologies, leading to enhanced 

imaging performance and operational 

effectiveness. 

PHASE ERROR SENARIO 

Swath refers to the strip or area covered by 

a sensor during a single pass. It denotes the 

width of the ground area that is imaged or 

scanned at one time. The size of the swath is 

crucial for determining the efficiency of data 

collection. 

As the sonar moves along a defined path 

with a specific time delay corresponding to 

the round trip of signals, a chirp signal is 

generated in the azimuth direction. The 

compression of this chirp signal results in 

image formation. However, if unwanted 

platform movements or disturbances occur, 

they can induce phase changes in the signal, 

disrupting the formation of chirps in the 

azimuth direction. 

When isolating a line from the received 

signal corresponding to a slow time step, the 

resulting information represents a complex 

signal that can be mathematically expressed. 

Each sample represents the sonar return from 

points within the swath at a corresponding 

delay. The relationship between distance 

from the sonar to the swath is given by: 
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Fig. 1 Effect of translational motion error 

where c is the speed of sound in water. The 

ideal phase from each point within the swath 

can be determined since both transmitter and 

receiver positions are known. 

PROPOSED METHOD  

To address phase errors induced by 

unwanted impulses, various methods have 

been proposed, including deploying multiple 

receivers arranged optimally. In SAS 

systems, two types of fast time and slow time, 

are utilized to derive received signals at the 

end of matrix scanning based on these two 

timings. 

 
Fig. 2 Steps for Creating a Raw Data Matrix 

If disturbances occur without altering the 

sonar's distance from the swath for each 

pulse, no phase difference arises. In this 

geometric scenario centred around a target 

within a sphere, having multiple receivers 

increases the probability that at least one 

receiver will have a phase close to the ideal 

value. This redundancy allows for effective 

compensation for any induced phase 

discrepancies. 

 
Fig. 3 Efficient correction for any induced phase misalignments 

CONCLUSION 

The proposed approach suggests that by 

optimizing hydrophone array configurations 

and leveraging multiple receivers, it is 

possible to model and compensate for phase 

discrepancies effectively.  By analysing 

probabilities associated with each receiver's 

proximity to ideal phases, we can design 

efficient decision-making algorithms to 

correct these errors. This methodology not 

only enhances imaging performance but also 

ensures greater operational effectiveness in 

synthetic aperture sonar applications.  In 

summary, optimizing  hydrophone 

arrangements based on geometric 

considerations significantly contributes to 

mitigating phase errors caused by unwanted 

movements, thereby improving overall 

imaging quality in SAS systems. 
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Abstract— This study presents the development and evaluation of an automated user interface comprising a MATLAB 

code and simulations from Systems Tool Kit (STK) (as one of the leading software packages in orbital mechanics). 

The user interface aims to calculate the GDOP of various orbital scenarios in an iterative and time-saving manner, 

which is a common feature in the conceptual satellite constellation design step. GDOP, a key metric for positioning 

accuracy in satellite constellations, plays a vital role in enhancing the reliability of navigation results. in order to attain 

more explicit and precise results, inverse GDOP (1/GDOP) is utilized here. The research involves simulations of 2100 

circular satellite constellations assuming two-body problem conditions in three altitudes—400, 800, and 1400 

kilometers—and seven orbital inclinations (0° to 90° at 15° intervals) following the Walker Delta pattern. The results 

are validated against manually defined STK scenarios, confirming the reliability and efficiency. It can be concluded 

that results become more accurate versus higher altitudes, while the higher the inclination, the better the outcomes are.  

The developed tool demonstrates faster performance than manual methods while maintaining satisfactory performance 

and offers a valuable positioning and satellite navigation research solution, enabling faster and more reliable 

calculations. 

Keyword: Geometric Dilution of Precision (GDOP), Satellite Navigation, User Interface, Systems Tool Kit (STK), 

Positioning Accuracy. 

INTRODUCTION 

Dilution of Precision (DOP) parameters are 

essential indicators used to evaluate the 

performance of satellite navigation systems, 

helping to assess the accuracy of position, 

altitude, and timing provided by these 

systems. Among these, the Geometric 

Dilution of Precision (GDOP) is particularly 

critical, representing the geometric alignment 

of navigation satellites relative to their ideal 

positions. A lower GDOP value indicates 

better satellite geometry, which leads to 

increased positioning accuracy. This study 

focuses on GDOP as a primary metric. 

Previous studies have addressed GDOP 

from various perspectives, including tool 

development for GDOP computation, 

incorporating GDOP into navigation system 

analyses, and optimizing its value to improve 

navigation accuracy. For instance, Yang et al. 

[1] introduced methods for calculating GDOP 

with limited visibility constraints, while 

Morales-Ferre et al. [2] demonstrated the 

suitability of Low Earth Orbit (LEO) 

constellations for navigation purposes 

through GDOP analysis. Furthermore, Xia et 

al. [3] proposed advanced algorithms, such as 

the Tabu Search Artificial Bee Colony 

Algorithm, to enhance satellite selection 

based on GDOP optimization. 

This study aligns with the first category, 

focusing on developing an automated 

interface to simplify and accelerate GDOP 

calculations. Integrating advanced 

mathematical modeling and automation 

presents a tool designed to enhance the 

efficiency and accuracy of GDOP 

computations, providing a valuable resource 

for satellite navigation research and 

applications. 

METHODOLOGY 

This study develops and evaluates an 

automated interface integrating the Systems 
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Tool Kit (STK) and MATLAB software for 

precise GDOP calculation in satellite 

constellations. The user interface is designed 

to calculate the GDOP for various orbital 

scenarios in an iterative and time-efficient 

manner, a common feature during the 

conceptual design phase of satellite 

constellations. This process allows for 

accurate GDOP calculations across different 

satellite configurations. 

The interface's mathematical foundation 

relies on vector relationships between the 

user and satellite positions. It begins by 

defining the user's position vector relative to 

satellites and constructing the geometric 

matrix representing these relationships. The 

covariance matrix of positioning errors is 

then calculated, and GDOP is derived from its 

diagonal elements, ensuring robust and 

precise computations. Inverse GDOP 

(1/GDOP) is used to enhance result 

interpretation and achieve more 

straightforward and more accurate results. 

The interface was validated by comparing 

its outputs with results from manually defined 

STK scenarios, confirming its high 

reliability. Simulations for satellite 

constellations in 2100, conducted at three 

different altitudes and seven orbital 

inclinations under two-body problem 

conditions, demonstrated that increasing 

altitude and inclination significantly 

enhances GDOP accuracy. This emphasizes 

the role of constellation geometry in 

navigation systems. 

RESULTS 

This study aimed to develop an automated 

user interface for GDOP calculation in 

satellite constellations, improving accuracy 

and efficiency. Simulations of 2100 

constellations at altitudes of 400 km, 800 km, 

and 1400 km, with orbital inclinations from 

0° to 90°, revealed that higher altitudes and 

inclinations resulted in lower GDOP values, 

indicating better positioning accuracy. The 

interface's outputs were validated by 

comparing them to manually GDOP results 

from STK scenarios, confirming their 

reliability. The tool enables faster, iterative 

GDOP calculations. The use of inverse 

GDOP (1/GDOP) further enhanced result 

interpretation, making the tool valuable for 

satellite navigation research. 

CHALLENGE 

The developed user interface provides 

faster, ease of use, and adaptability for 

various satellite constellations. It enables 

precise and reliable data generation while 

reducing time and complexity, eliminating 

the need for multi-platform configurations. 

Particularly valuable for satellite 

constellation design, navigation optimization, 

and performance analysis, this tool 

streamlines functionality, making it an 

effective resource for advancing research and 

practical applications in satellite navigation 

systems. 

FUTURE RESEARCH 

Future research should focus on optimizing 

the tool and minimizing GDOP values to 

enhance performance and accuracy. This 

includes refining methodologies for 

challenging orbital configurations and dense 

constellations and improving precision in 

positioning. Optimization for LEO 

conditions, addressing atmospheric effects 

and dynamic geometries, is another proposal. 

Finally, advanced algorithms tailored for 

real-time applications can further boost the 

tool's adaptability and computational 

efficiency, ensuring reliable performance in 

complex scenarios. 
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Abstract—Synthetic Aperture Sonar (SAS) has become an essential tool in the realm of underwater imaging, 

paralleling the principles of Synthetic Aperture Radar (SAR). Its ability to produce high-resolution images of the 

seabed has attracted significant interest, especially in fields such as marine research and offshore operations. The 

accurate reconstruction of images captured by SAS is critically dependent on the precise control of the sonar platform's 

movements, which are influenced by various factors, including surge, sway, and heave. This research investigates the 

complex motion errors associated with these translational movements during INSAS imaging. We analyse how surge, 

sway, and heave affect the formation and quality of synthetic aperture sonar images, revealing potential artifacts and 

reductions in image clarity. Furthermore, we evaluate the effectiveness of various motion compensation techniques 

designed to address these errors. By measuring the impact of each type of motion error, this study provides a foundation 

for refining motion compensation algorithms, ultimately improving the quality of seabed imagery generated by SAS. 

The insights gained from this research are vital for advancing underwater imaging technologies and hold promise for 

diverse applications, including marine biology, underwater archaeology and defence operations. Addressing the 

challenges posed by motion errors is crucial for enhancing imaging processes and broadening the practical uses of SAS 

in intricate underwater settings. 

Keywords: Surge, Sway, Heave, Synthetic Aperture Sonar, Motion Error 

INTRODUCTION 

The actual distance 𝑅∗and the ideal 

distance R from the target to the transmitter 

are defined, with 𝐻𝑀 representing the 

difference between the actual distance and the 

vertical slant range, which indicates the 

target's azimuth angle. A rectangular 

coordinate system 𝑜𝑎𝑥𝑎𝑦𝑎𝑧𝑎 is established 

on the sonar array, as illustrated in Figure 1. 

The center of rotation 𝑜𝑎 of the array aligns 

with the center of the transmitter [1]. 

 
Fig. 1 Motion geometry of multiple-receiver SAS [1]. 

RANGE HISTORY ERROR 

We consider t as the azimuth slow time, 

while 𝐷𝑦𝐷𝑧 represent the sway and heave, 

respectively. When the transmitter shifts to 

the position (𝑉𝐴𝑡, ∆𝑦, ∆𝑧), the distance 

between the transmitter and the point 

target P(0, rcos𝐸𝑠,−h) can be expressed as 

follows [2]: 

 

𝑅𝑇
∗ (𝑡, 𝑟, 𝛥𝑦, 𝛥𝑧) =

 √(𝑉𝐴𝑡)2 + (𝛥𝑦 − 𝑟 𝑐𝑜𝑠𝐸𝑠)2 + (𝛥𝑧 + h)2      

(1) 

 

And the distance between the receiver i and 

the point target P(0, r cos Es, -h) is [1]: 

 

𝑅𝑅,𝑖
∗ (𝑡, 𝑟, 𝛥𝑦, 𝛥𝑧, 𝜃, 𝜓) =

                                     (2) 

 

√
(𝑉𝐴𝑡 + 𝑉𝐴 𝜏𝑖

∗ + 𝑑𝑖 cos 𝜃 cos 𝜓)
2

+

(𝛥𝑦 + 𝑑𝑖 cos 𝜃 sin 𝜓 − 𝑟 𝑐𝑜𝑠𝐸𝑠)2 +

(𝛥𝑧 + 𝑑𝑖 sin 𝜃 + h)2
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The range history with motion errors is the 

sum of (1) and (2), and it can also be 

expressed as the product of sound velocity c 

and the signal propagation time 𝜏𝑖
∗: 

 

𝑅𝑇
∗ (𝑡, 𝑟, 𝛥𝑦, 𝛥𝑧) +  𝑅𝑅,𝑖

∗ (𝑡, 𝑟, 𝛥𝑦, 𝛥𝑧, 𝜃, 𝜓) =   

 𝑐 𝜏𝑖
∗                  

(3) 

 

The range history without motion errors 

given in is [1]: 

𝑅𝑖(𝑡, 𝑟) =  
𝑉𝐴𝑑𝑖 + 𝑉𝐴

2𝑡 + 𝑐√𝑉𝐴
2𝑡2 + 𝑟2

𝑐2 − 𝑉𝐴
2 + 

(√(𝑉𝐴𝑑𝑖+𝑉𝐴
2𝑡 + 𝑐√𝑉𝐴

2𝑡2 + 𝑟2  )

2

𝑐2 − 𝑉𝐴
2 𝑐 + 

(𝑐2 − 𝑉𝐴
2). (2𝑉𝐴𝑡𝑑𝑖 + 𝑑𝑖

2)

𝑐2 − 𝑉𝐴
2  𝑐 

the range history error is: 

 

𝛥𝑅𝑖(𝑡, 𝑟, 𝑒𝑡) = 𝑅𝑖
∗(𝑡, 𝑟, 𝑒𝑡) − 𝑅𝑖(𝑡, 𝑟) 

 (4) 

 

SIMULATION FOR MOTION 

ERROR 

In this scenario simulate the effects of 

translational motion of the platform about the 

Surge, Sway and Heave parameter with 5 and 

15 meters respectively  and image of point 

target results can be compared. 

 

 
Fig. 2 Effect of surge direction with 0.1m, 0.5m, 1m, 5m,10m and 

15m respectively 

 
Fig. 3 Effect of sway direction with 0.1m, 0.5m, 1m, 5m,10m and 

15m respectively 

  
Fig. 4 Effect of heave direction with 0.1m, 0.5m, 1m, 5m,10m and 

15m respectively 

CONCLUSION 

The effects of motion error in three-axis 

translation worsen with an increase in its 

magnitude. Additionally, the Surge 

translation error exhibits the least amount of 

degradation among the studied errors. Hence, 

it is possible to neglect this error for SAS 

imaging purposes. Moreover, the Heave 

translation error is more critical than the other 

two errors and must be compensated. 
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Abstract— In recent decades, the aerospace and defense industries, along with unmanned and autonomous systems, 

have become pivotal to the development and advancement of nations, particularly the Islamic Republic of Iran. These 

industries play a critical role in enhancing military capabilities, regional and international influence, and mitigating the 

impact of international sanctions. Given their significance to national security, scientific progress, and economic 

growth, understanding the opportunities and challenges within these sectors is imperative. This research aims to 

conduct a thorough examination of these industries, identifying existing opportunities and challenges, and exploring 

the necessary steps to optimize the development and utilization of aerospace and defense technologies, as well as 

unmanned and autonomous systems. Through in-depth analysis, the research will provide recommendations and 

strategies for maximizing the potential of these industries. 

Keyword: Unmanned and Automatic Equipment, Cyber Threats, Technological, Economic Challenges 

INTRODUCTION 

The role of aerospace and military 

industries, as well as unmanned and 

automated equipment, is prominent as a 

fundamental factor in the security and global 

progress of countries. These industries not 

only play a crucial role in strengthening the 

military power and security of countries but 

also have a significant impact on the 

technology, economy, and scientific 

advancement of nations. This research 

examines the opportunities and challenges in 

these industries and equipment and provides 

solutions for improvement and development 

in this field. The use of new technologies in 

the aerospace and military industries, as well 

as unmanned and automated equipment, has 

become one of the main topics that engage 

various sectors of industry, research 

institutes, and research centers. With the 

expansion of artificial intelligence 

technology with multiple capabilities, the 

Internet of Things, and process automation 

(using robotics and intelligent industrial 

equipment), more opportunities have been 

created to improve performance and increase 

efficiency [1]. Some of the strengths of using 

these technologies include increased 

accuracy in monitoring and controlling 

operations and processes, improving 

predictions based on data analysis, and 

enhancing security and reliability. Some of 

these capabilities include accelerating the 

process of automation, improving the 

performance of drone systems, and reducing 

the risk of casualties caused by military 

operations [2]. These advancements clearly 

show that the potential for optimization in the 

aerospace and military fields through the 

application of new technologies will improve. 

In addition, process automation and the use of 

artificial intelligence-based technologies 

reduce costs in the production of unmanned 

and automated equipment. By utilizing these 

technologies, it is also possible to impact the 

quality of products and, as a result, increase a 

country's global power in terms of the balance 

of power and exports to allied countries. 

Ultimately, the capabilities provided by new 

technologies such as artificial intelligence, 

the Internet of Things, and process 

automation, bring about a comprehensive 

upgrade in the technologies and systems used 

in the aerospace and military fields [4]. For 

example, using artificial intelligence to 

improve predictive systems and enhance 

monitoring of aerospace projects, the Internet 

of Things for communication between 

devices and improving the efficiency of 

automated systems, and process automation 

for optimizing performance and reducing 

human error. These technologies increase 

speed, accuracy, and efficiency in the 
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aerospace industry and unmanned and 

automated equipment and are used very 

effectively in production, maintenance, and 

improvement of various processes [5]. 

OPPORTUNITIES AND 

CHALLENGES IN THE MILITARY 

AEROSPACE AND UNMANNED 

SYSTEMS INDUSTRIES 

• Security Challenges Associated with the 

Use of Advanced Technologies in 

Aerospace, Military, and Automated 

Equipment, and Countermeasures to Cyber 

Threats 

In the field of aerospace, military, and 

automation equipment, the use of advanced 

technologies often comes with security 

challenges. One of the most significant 

security challenges in this area is cyber 

threats, including hacking and intrusion 

related to military systems and equipment, 

especially automated and autonomous 

systems. Cyberattacks can penetrate various 

types of aerospace and automated equipment, 

affecting their performance. To combat these 

threats, innovative and effective solutions are 

required. One of the most important solutions 

to counter cyber threats is the use of advanced 

intrusion detection systems [6]. 
• The pgrading the necessary infrastructure 

for the production, implementation, and 

deployment of unmanned, automated, and 

intelligent equipment 

With the increasing demand for unmanned, 

autonomous, and intelligent equipment in 

various industries such as automotive, 

transportation, medicine, military, and 

security, upgrading the necessary 

infrastructure has become crucial. To achieve 

this goal, the infrastructure related to these 

devices, including advanced communication 

networks, sensor systems, cloud 

technologies, and high-speed processing and 

artificial intelligence, needs to be developed 

[7]. 

Since unmanned equipment requires 

dynamic communication with the 

environment and other devices, upgrading 

communication network infrastructure to 

ensure fast and reliable data transfer is also 

vital. Moreover, the development of 

advanced sensor systems, including infrared 

sensors, lidar, radar, and high-resolution 

digital cameras for unmanned equipment, is 

of great importance. These systems enable the 

equipment to detect obstacles, identify 

location, and navigate accurately. 

Additionally, the use of cloud technologies to 

store and process the vast amount of data 

collected and processed by unmanned 

equipment is essential [8]. 

 
• Evaluation of the impact of new 

technological developments in the 

aerospace and military industries on 

economic opportunities and challenges 

It is essential to examine the impact of new 

technological advancements in the aerospace 

and defense industries on economic 

opportunities and challenges. With the 

advancement of technologies such as 

artificial intelligence, the Internet of Things, 

augmented reality, and other emerging 

technologies, significant transformations 

have occurred in the aerospace and defense 

sectors. Economic opportunities include 

increased efficiency in developing high-

quality products while reducing costs, 

creating innovative products, and 

establishing export markets to regional and 

global countries. Given these developments, 

the aerospace and defense industries need to 

rapidly adapt to new technologies and 

develop appropriate strategies to optimize the 

utilization of these technologies [9,10]. 

CONCLUSION 

According to recent research, one of the 

innovative solutions to advance the goals of 

developing and utilizing unmanned and 

intelligent military equipment is the use of 

blockchain technology. As a decentralized 

and secure system, blockchain can be used to 

increase trust and confidence in 

communications and data transfer. This 

technology can facilitate the optimization of 
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data transfer processes and communications 

in military systems and prevent data fraud and 

manipulation. In addition, the migration of 

military systems to cloud environments is 

also an innovative approach that can help 

improve the efficiency and flexibility of 

systems. Using cloud resources for data 

processing and storage can help reduce costs 

and increase the scalability of military 

systems and enable the provision of improved 

services. Moreover, the integration of 

augmented reality technologies in unmanned 

and intelligent military systems can lead to 

increased training and readiness of military 

forces. These technologies can enhance 

simulated training environments and improve 

the training and readiness process of forces 

[11,12]. 
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Abstract— In recent years, studies of the nervous and sensory systems have been placed in the 

research priorities of many researchers, and in this direction, numerous animal models have been 

used. One of the desired characteristics of researchers in animal models is the longevity of the 

sample, the possibility of examining different generations in a short period, the simplicity of the 

cell structure and the similarity of the cell structures to human cells. Therefore, one of the main 

goals of this project is to use and introduce fish as a model for neuroscience studies. Fish share 

many common physiological and molecular characteristics with mammals, and this has made it 

possible to use it as a model to study mammalian diseases and identify the molecular mechanisms 

of disorders.  The purpose of this study is to use different fishes as a model for studies of sensory 

and nervous systems, so in this project, the effect of changing depth or habitat on the structural 

changes of nasal and nerve color cells and eye structure of parrot fish was investigated. 

Keyword: Eye, Scarus persicus, Scarus ghobban, Rod cells, Con cells 

INTRODUCTION 

As a vertebrate, fish has many 

physiological and molecular features in 

common with mammals. This feature makes 

fish an excellent model for reviewing existing 

mammalian disease models and for 

comparative analysis to identify molecular 

mechanisms of disorders [1].In recent years, 

the use of fish as a model to investigate 

human disorders due to their small size, 

optical transparency of the embryo, rapid 

growth, and suitability for large-scale 

therapeutic screening has received much 

attention. Due to their relatively small size 

and short lifespan, they require less space and 

are more economical to maintain in the 

laboratory than other models, such as mice. In 

addition, they have very high fecundity, and 

their embryos are transparent during 

development, facilitating non-invasive 

examination of their development. The 

complex mechanisms of neurodegeneration 

can be studied more rapidly than in mice and 

other animal models. Vertebrates analyzed in 

fishes [1,2]. Vision is an important sensory 

system for most fish species. The fish eye is 

similar to the eyes of terrestrial vertebrates, 

such as birds and mammals, but has a more 

spherical lens. Birds and mammals (including 

humans) usually adjust by changing the shape 

of their lens, but fish usually adjust by 

moving the lens closer or further away from 

the retina [3,4]. Fish retinas generally have 

cylindrical and cone cells (for scotopic and 

photopic vision), and most species have color 

vision. Some fish can see ultraviolet rays, and 

some are sensitive to polarized light. Within 

the retina, rod cells provide high visual 

sensitivity, which is used in low-light 

conditions. Cone cells provide higher spatial 

and temporal resolution than rods and allow 

for colour vision by comparing the absorption 

in different types of cones, which are more 

sensitive to different wavelengths. [5] 

The ratio of rods to cones depends on the 

fish species' ecology; for example, fish 

mainly active during the day in clear waters 

have more cones than fish living in dimly lit 

environments. [6] Fish that live in surface 

waters down to 200 meters, epipelagic fish, 

live in a region where visual predators use 

visual systems designed almost as expected 

[7]. Mesopelagic fish live in deeper waters, in 

the disphotic zone down to 1000 meters, 

where the amount of sunlight available is 

insufficient to support photosynthesis but 

does stimulate visual cells [8]. Deep in the 
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water column, below 1000 meters, are 

bathypelagic fish. At this depth, the ocean is 

dark, and the fish are sedentary and adapted 

to produce minimal energy in a habitat with 

very little food and no sunlight [9]. 

Deep-sea fish have more enormous eyes, 

and it has been shown that larger eyes are 

generally associated with better vision in fish, 

which is suitable for seeing in low light. It has 

also been shown that higher visual acuity is 

associated with brain size [10]. 

In the past decades, due to the genetic and 

structural similarities between the eyes of fish 

and humans, as well as the easy access and 

proper control of the fish's living 

environment, some human eye diseases such 

as cataracts, glaucoma, diabetic retinopathy, 

and macular degeneration have been modeled 

in fish [11]. 

In light of the above, our goal in this study 

is to investigate changes in nerve cells, vision, 

and histology of fish eyes according to their 

habitat type and the effects of habitat on eye 

structure in terms of depth, substrate change, 

and environmental turbidity. Given that 

currently, in new studies, the study of the 

nervous system of fish (such as Zebrafish) is 

of interest about nervous system disorders, 

the results of this study can also be an 

introduction to studies in mammals. 

METHODS 

This study collected 6 scarus persicus and 

scarus ghobban from the country's south. 

Fish were collected from waters adjacent to 

coral reefs (Scarus). This type of sampling is 

because light changes with increasing water 

depth. Therefore, this change in light 

intensity can affect the condition of the visual 

cells and, subsequently, the condition of the 

fish's brain. After photographing and 

identifying the samples, the samples were 

biopsied, and traits such as total length, 

standard length, body weight, snout length, 

eye socket diameter, head height, etc., were 

measured. After dissecting the fish and 

extracting the brain and eyes, the samples 

were immediately fixed in Bowen's solution 

or formaldehyde. After 12-24 hours, 

depending on the size of the sample, they 

were placed in a series of alcohols and finally 

stored in 70% alcohol for a more extended 

period to carry out the remaining process.    

After catching, the fish are placed in ice 

water and transported from Bandar Abbas to 

Kerman. After being transported to Kerman 

and before sampling, 0.5 grams per liter of 

cloves was added to the fish water. Cloves 

cause the fish to become unconscious in the 

water. The unconscious fish is taken out of 

the water, its head is cut off, and its eyes and 

brain are separated. Therefore, there is no 

problem with the samples. The fish carcasses 

were transported outside the university and 

burned. 

The fish eyes were stained with H&E stain, 

and the cellular and histological 

characteristics of the different layers of the 

eye were examined. 

RESULTS 

Our results showed no significant 

differences between the two species of scarus 

persicus and scarus ghobban about the rod 

and cone cells of the eye. 

The number of cone cells in the eyes of 

Persian Gulf scarus is lower than in the eyes 

of surface-dwelling fish such as the coot. 

However, according to evidence, the number 

of rod cells in the eyes of these fish is higher 

than in surface-dwelling fish, such as the 

coot, and lower than in bottom-dwelling fish, 

such as the shoefish. 

 

A. Abbreviations: 

N/A 

B. Units: 

N/A 

C. Equations: 

N/A 

 

D. Figures and Tables 
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Figure 1. Percentage of rod and cone neurons in the scarus fish 

eye. 

 
Figure 2. Photo of the eye of a green parrot fish 

 

1-PRE: Primary photoreceptor layer2-OS: 

Outer segment of cone cell3-ONL: Outer 

nuclear layer4-IS: Inner segment of cone 

cell5-INL: Inner nuclear layer6-OPL: Outer 

reticular layer7-IPL: Inner reticular layer8-

GCL: Ganglion cell layer 

 

 
Figure3. Photograph of the eye of the Arabian parrotfish. 

1-PRE: Primary photoreceptor layer2-OS: 

Outer cone segment3-IS: Inner cone 

segment4-ONL: Outer nuclear layer5-OPL: 

Outer reticular layer 
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Abstract— One of the fundamental problems of sustanable development in a country is the lack of water resources in 

terms of quantity and quality. The Dargaz aquifer (DA) is located in the north of Khorasan Razavi province near the 

border of Iran and Turkmenistan. In this paper, an attempt has been made to investigate the hydrogeochemical 

evolution of water resources in the Dargaz plain using hydrogeochemical techniques. The results show that the the 

quality of groundwater decreases in flow direction from west to east. In addition to natural factors (dissolution of 

Tirgan and Sarcheshmeh formations ), human factors are also involved in the water quality of the studied area. 

According to the Piper diagram, the dominant type of water in the region is sodium-calcium sulfate. The groundwater 

quality is acceptable for drinking and agricultural purposes, and it is hard to completely hard water for industrial 

purposes. 

Keyword: Groundwater, Dargaz Plain, Hydrogeochemical Evolution, Water-Rock Intraction. 

INTRODUCTION 

Today, the water crisis is one of the 

country's major challenges, and the lack of 

rainfall due to drought and excessive 

exploitation of aquifers has reduced the 

quality and quantity of groundwater 

resources (GWR) in alluvial aquifers. GWR 

are an important component of freshwater 

resources and the main source of water supply 

in many parts of the world, and the water 

quality of these resources is more stable and 

reliable than surface water against climate 

change. Groundwater quality is one of the 

hydrogeochemical aspects that deals with the 

spatial distribution of various water chemical 

types, describing the chemical evolution of 

water, and its usability for drinking, industry, 

and agriculture purposes [2].  Therefore, 

understanding hydrogeochemical evolution is 

vital for the development, protection, and 

exploitation of GWR. In recent years, 

extensive research has been conducted in the 

world [e.g., 3, 6, 7] and in Iran [e.g., 1 ,5] on 

the mechanism of hydrogeochemical 

evolution of groundwater and the factors 

affecting its quality. In order to develop 

sustainable water in the region, the main 

objective of this paper is to evaluate the 

processes affecting hydrogeochemical 

evolution of GWR in Dargaz plain (DP). 

MATERIALS & METHODES 

Hydrogeochemical Techniques 

 

To achieve the objectives, sampling were 

done in two dry and wet seasons, and all 

samples were analyzed for the concentration 

of major ions, and total dissolved solids 

(TDS). In order to investigate the water - rock 

intractions and hydrogeochemical evolution, 

different techniques (including Piper, Pie, 

Gibbs, and combination diagrams, and 

saturation index -SI) were applied using 

related softwairs (PHREEQC-2.15, Water 

Chemistry, ArcGIS -10.8.1). 

 
B. Study Area: 

The DP, with a geographical range of 

38°58' to 11°59' east longitude and 11°37' to 

43°37' north latitude, is located in 

northeastern of Iran, 220 km northwest of 

Mashhad. Considering the rainfall (277.7 

mm) and average temperature (13.1 °C), the 

climate of the Dargaz plain region is 

considered semi-arid. 

DISCUSSION 

The TDS and the distribution of ion 

concentrations in DP’s water resources "Fig. 
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1", indicate that the hydrogeochemical 

evolution of GWR occurs in the flow 

direction from the west to the east. In general, 

the amount of bicarbonate ions decreases, 

however, the amount of sulfate, chlorine, and 

sodium ions gradually increases. This has 

occurred under the influence of both natural 

(dissolution of gypsum and marl minerals of 

Sarcheshmeh formation, especially in the 

eastern parts, low rainfall, evaporation, and 

high retention time) and antropogenic 

(agricultural runoff) factors.  

 
Fig. 1 Distribution of ion concentration in Dargaz plain’s water 

reservoir and their Pie diagrams for Dry (up) and Wet (down) 

periods in 2023. 

The Gibbs diagram, indicate that the water-

rock interaction is the mane process effect on 

water quality. As indicated on Piper diagram, 

most of the samples have sodium-calcium 

sulfate type. On Na+/Cl- diagram, most 

samples are located on the 1:1 line (indicating 

halite dissolution) and above it (indicating 

direct ion exchange and weathering of silicate 

minerals). The Ca2+/SO4
2- diagram, indicates 

that in addition to the dissolution of gypsum, 

sulfate ions have increased under further 

processes. Also the Ca2++Mg2+/HCO3
-+SO4

2- 

diagram, show that the dominant process is 

the dissolution of anhydrite and gypsum in 

the area. However, some samples were 

plotted below 10 milliequivalents, indicating 

the dissolution of calcite and dolomite. The 

calculated saturation index show that all 

samples are supersaturated with respect to the 

calcite, dolomite and aragonite, which tend to 

settle, however, the saturation index values 

for the minerals anhydrite, gypsum and halite 

were negative, which means that these 

minerals can dissolve in water. The calculated 

idexecs show that the groundwater quality in 

DP is acceptable for drinking, agricultural 

and industrial. 

CONCLUSION 

The results indicate that the 

hydrogeochemical evolution in the study 

area is in line with the flow direction, from 

west to east. This is consistent with the 

results of the composite diagrams, saturation 

index and changing in ion concemtration. 

The Tirgan limestone formation, due to its 

high water discharge volume, and the 

Sarcheshmeh and Sanganeh formations 

(which containing evaporate minerals and 

have a negative role in the quality of water 

resources) have the most effect on GW 

quqlity. Of course, the agricultural activities 

are also involved as human factors in water 

quality. Most of the water samples are 

acceptable for drinking and agricultural uses 

and have a sodium-calcium sulfate water 

type. 
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Abstract— In this study, general geology, hydrology and engineering geology of Karbala city is presented. Karbala is 

one of the holy cities of Shia Muslims. City of Karbala was born simultaneous with martyrdom of Imam Hossein and 

his companions. But the name of Karbala such as Baghdad and Babylon are an ancient name with several thousand 

years old. In general, the area of Karbala or Nineveh was known as a holy area and a place of worship since the time 

of the Babylonians, Chaldeans, Assyrians and Sasanians. Geologically, Karbala located between the Mesopotamia 

plain and Arabian shield. The Euphrates or Abu-Jir fault system separates these two units. The Mesopotamia region is 

the continuation of the Zagros foredeep which includes Mesopotamia, Kuwait, the coast of Iran and the Persian Gulf 

and the northeast of Syria. Rock outcrops in the Karbala area from the past to the recent are included Euphrates Nafil, 

Injana, Dibdiba, Zahra formations and Quaternary sediments.  Quaternary deposits comprise of aeoline, floodplain, 

channel river, levees, marsh deposits and recent alluvial fans. The area has two shallow and main aquifers. The 

groundwater table of the shallow aquifer is about 3 meters and water table in the main aquifer decrease from 32 meters 

from southwest to 22 meters in Northeast which completely follows the topography. 

Keyword: Karbala city, Engineering geology, Euphrates, Mesopotamia 

INTRODUCTION 

The Karbala holy city located in the 320 

degree and 36` latitude and 440 and 3` 

longitude, 105 kilometres from the Baghdad, 

80 kilometres from the Najaf and 30 

kilometres from the Euphrates River. The city 

of Karbala was born with the martyrdom of 

Imam Hussein and his companions in the year 

61 Hijri, but Karbala is an ancient name 

similar to Baghdad and Babylon that is 

several thousand years old [1]. According to 

the Louis Massignon, the Kufa-Karbala plain 

was used as a place of worship during the 

Chaldean period [2]. In general, the area of 

Karbala or Nineveh was known as a holy area 

and a place of worship since the time of the 

Babylonians, Chaldeans, Assyrians and 

Sasanians [3].  

The area has a hot and dry climate. The 

average annual temperature is 22 degrees 

Celsius; the average annual rainfall is 80 mm 

and the dryness index is 30. At present, three 

sides of the city of Karbala are surrounded by 

trees and gardens, and on the west side is the 

Arabian desert. 

GEOLOGY OF THE AREA 

Karbala is located on the border between 

the Arabian Shield and the Mesopotamia 

plain. Mesopotamia is a relatively flat plain, 

after the last ice age, when the water level of 

the Persian Gulf was higher, Mesopotamia 

was a part of the Persian Gulf, which, with 

regression the sea the lowering of the water 

level it reached to the present conditions. 

Rock outcrops in the Karbala region from old 

to recent include the Euphrates, Nafil, Injana, 

Dibdiba, Zahra formations and the 

Quaternary deposits [4]. The Euphrates 

formation of early Miocene age includes gray 

to yellow limestone with a thickness of less 

than 20 meters, the Nefil formation of Middle 

Miocene age consists of marl and limestone 

with a thickness of up to 12 meters. The 

Injana formation is of Upper Miocene age, 

including mudstone, sandstone, silt with a 

maximum thickness of 25 meters, and the 

Dibdiba formation is of Pliocene-Pleistocene 

age includes of sand with weak cement less 

than 18 meters and Zahra formation includes 

conglomerate less than 6 meters. Quaternary 

deposits include wind, floodplain, river 

channels, levee, swamp deposits and recent 

alluvial fans. The thickness of Quaternary 
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deposits increases from northwest toward the 

southeast as we get closer to the Persian Gulf 

and from the northeast and southwest toward 

the center of area. Figure 1 shows geology 

map of area. 

HYDROLOGY AND 

HYDROGEOLOGY  

The most important source of water in the 

holy city of Karbala is the Euphrates River, 

which passes 30 kilometers west of the city. 

In the past centuries, several canals have been 

built to irrigate the groves and agriculture of 

the Karbala land, which during the years and 

centuries, only some of them have left traces. 

Alqamah (Al-'alqami) river, due to its 

attribution to the Ashura event, has always 

been of interest and has been modified and 

repaired many times by the people or the 

rulers. 

 
Fig. 1 Geology map of the area [4] 

Karbala area is included a surface and a 

deeper unconfined aquifer. The first aquifer 

has been expanded in the Quaternary 

sediments; the thickness of these sediments 

increases from about 1 meter in the west of 

Karbala city to about tens of meters on the 

Euphrates River side. These sediments 

include sand, silt and clay. This aquifer is 

recharge through rainfall, irrigation waste 

water, leakage from the municipal water 

system and sewage. Water table of the first 

aquifer in the most of the city is about 3 

meters and it has a lot of gypsum and salt and 

cannot be used for agriculture and drinking. 

In the central part of the city and holy shrine 

of Imam Hossein, the water level of the 

shallow aquifer is higher and the direction of 

water movement is from this area to the 

surrounding area [5, 6]. 

 The second aquifer is located under the 

Quaternary sediments and in the Dibdiba 

Formation and includes clay, silty layers, 

fine- to medium-grained yellowish sand with 

local lenticular structures consisting of 

coarse-grained cemented sand and gravel. 

This aquifer is not independent from the 

upper aquifer and there is a hydraulic 

connection between them. The water table of 

the main aquifer changes from 32 meters in 

the southwest to the 22 meters in the 

northeast. 

SOIL TEXTURE 

The city of Karbala is located in the 

northern corner of Al-Khor alluvial fan. As 

can be seen in the geological map, there is a 

gypcrete unit on the surface, wind sand sheets 

in the end of fan and flood plain deposits after 

that. The soil texture in the area comprises of 

silt, sand and clay with significant amount of 

gypsum  sometimes up to 20 percent. Due to 

the presence of chalk and salt in the dry state, 

the soil is hard and resistant [6]. 

CONCLUSION 

Holy city of Karbala is located in the edge of 

an ancient alluvial fan which originate from 

the western desert. The bedrock of area is 

Dibdiba formation which also form the main 

aquifer of the area. The surface soil with 

different thickness from less than 1 meter in 

the west up to more than 30 meters includes 

of silty clay sand with high amount of 

gypsum up to 20 percent. 
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Abstract—The objective of this paper is to present a groundwater potential zoning map for the Hezar Masjid highlands, 

located northeast of Mashhad, using the Random Forest (RF) machine learning model. The zoning map was developed 

based on the locations of 1,438 springs in the area and 16 factors influencing groundwater potential. The model's 

performance was assessed using various statistical criteria, including the area under the receiver operating 

characteristic (ROC) curve (AUC = 0.93), indicating excellent accuracy. 

Keyword: Machine learning, groundwater Potential, Hezar Masjed, Karst, Random Forest 

INTRODUCTION 

With the decline in alluvial groundwater 

resources, attention has increasingly turned to 

karst groundwater. Approximately 7 to 12 

percent of the Earth's surface crust consists of 

karst formations [2], and karst watersheds 

contribute significantly to drinking and 

agricultural water supplies. Therefore, 

identifying areas with high karst groundwater 

potential is both important and necessary. 

The findings of Nugroho et al. (2024) on 

groundwater potential demonstrated that the 

Random Forest (RF) machine learning model 

outperforms artificial neural networks and 

support vector machines [4]. Similarly, in 

2024, Ragragui et al. investigated 

groundwater potential using machine 

learning and deep learning models, 

concluding that hybrid models deliver the 

best performance [5]. 

geographical location and springs 
The study area is located in the 

northeastern part of Mashhad city in 

Khorasan Razavi province, spanning a 

geographical range of 36°07'35" to 37°37'30" 

north latitude and 58°05'00" to 61°15'35" east 

longitude. Springs are indicative of locations 

with maximum groundwater potential in a 

given area. Therefore, all 1,438 existing 

springs in the region, along with three times 

as many non-spring points randomly selected 

within the area, were used in the model. 

MATERIALS & METHODS 

A. Selection and analysis of factors 

affecting groundwater potential: 

Due to the complexity of groundwater 

dynamics, selecting the factors influencing 

groundwater potential is highly challenging. 

However, based on the conditions of the 

study area and findings from previous 

research, 16 factors were considered Table 1. 

Table 2. Groundwater Influencing Factors  

Data Layers 

Aspect  

Slope 

Convergence Index 

Sediment Power Index (SPI) 

Melton Ruggedness Number (MeRugNu) 

Multi-Resolution Ridge Top Flatness (MRRTF) 

Multi-Resolution Valley Bottom Flatness (MRVBF) 

Slope Length (LS) 

Lithology 

Distance to Faults 

Faults Density 

Distance to lineaments 

Lineaments density 

Distance to Streams 

Streams density 

Normalized Difference Vegetation Index (NDVI) 

 

In factor analysis, multicollinearity refers 

to the lack of independence among dependent 

variables in the dataset. The variance inflation 

factor (VIF) is used to analyse 
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multicollinearity in the dependent variable 

data “Eq. (1) “. 

VIF =
1

1 − 𝑅𝑘
2                                                 (1) 

Where: 𝑅𝑘
2 is the squared error rate for each 

regression run. 

 

B. Algorithm: 

The Random Forest (RF) algorithm, which 

is based on a collection of Classification and 

Regression Trees (CART) [1], serves as a 

powerful tool for analyzing complex 

relationships between various variables in 

hydrogeological studies. This algorithm 

operates by creating multiple decision trees, 

each trained on a random sample of the data 

and a random subset of features [3]. 

A decision tree is an effective machine 

learning tool used to classify data. It employs 

a tree structure to break down complex 

decisions into a series of simpler ones. Each 

node in the tree poses a question, and each 

branch represents a possible answer to that 

question. Ultimately, the leaves of the tree 

correspond to different classes into which the 

data is categorized. 

The RF model is trained using 75% of the 

data, and its performance and accuracy are 

evaluated with the remaining 25%. 

C. Model evaluation: 

The validation approach is based on 

calculating four parameters: true positive, 

true negative, false positive, and false 

negative. These parameters are determined by 

evaluating how accurately spring pixels are 

classified as springs or non-springs in the 

training and test datasets. 

Statistical metrics for model comparison 

include accuracy, precision, false positive 

rate (FP-Rate), Matthews correlation 

coefficient (MCC), root mean square error 

(RMSE), mean absolute error (MAE), and the 

Kappa index. Higher values of sensitivity, 

specificity, accuracy, precision, FP-Rate, and 

MCC indicate better model performance, 

especially when RMSE and MAE values are 

close to zero. 

A Kappa index value of 1 indicates a 

perfect model, whereas a value of -1 signifies 

an unreliable model. All equations used to 

calculate these parameters are provided in 

“Eq. (2)-(11) “. 

 
Accuracy

=
TN +  TP

TP +  FPx +  TN +  TP
                         (2) 

Specificity

=
TN

FP +  TN
                                                   (3) 

Sensitivity

=
TP

TP +  FN
                                                   (4) 

FPRate

=
FP

FP +  TN
                                                          (5) 

Precision

=
TP

TP +  FP
                                                       (6) 

MCC

=
TP ×  TN −  FP ×  FN

√(TP +  FP)(TP +  FN)(TN +  FP)(TN +  FN)
  (7) 

Kappa

=
Accuracy −  B

1 −  B
                                                  (8) 

B

=
(TP +  FN)(TP +  FP) +  (FP +  TN)(FN +  TN)

√TP +  TN +  FN +  FP
    (9) 

RMSE

=  √
1

n
∑(XP − XA)2

n

i=1

                                            (10) 

MAE

=  
1

n
∑|(XP − XA)|                                                  (11)

n

i=1

 

RESULTS 

Based on the calculations, all 16 selected 

factors have a variance inflation factor (VIF) 

below 10, indicating no significant 

multicollinearity. Therefore, all factors were 

retained and used for modelling. The 

resulting map was categorized into five 

classes "Fig. 1". 
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Fig. 1 Groundwater Potential Zoning Map using RF model 

As shown, most of the content from the 

validation and training datasets falls into the 

high and very high classes. The validation 

results indicate that the model has achieved 

an acceptable score in the statistical 

parameters Table 2. Finally, in terms of the 

area under the curve, the RF model performed 

well (AUC = 0.93). 

Table 3 Model Metric of RF Model 

Model Metrics RF Model 

Accuracy 0.8908 

Precision 0.8456 

Specificity 0.9616 

Sensitivity 0.6667 

False Positive rate (FP-Rate) 0.0384 

Matthews correlation coefficient (MCC) 0.6850 

Root Mean Square Error (RMSE) 0.3304 

Mean Absolute Error (MAE) 0.1092 

Kappa 0.6773 

Area Under Curve (AUC) 0.9300 

CONCLUSION 

In this study, GIS, remote sensing, and 

machine learning algorithms have been used 

to assess groundwater potential. Additionally, 

the novel aspect of this study is its attempt to 

integrate as many variables as possible that 

influence groundwater potential, including 

geological, topographic, hydrological, 

climatic, and land cover factors. Sixteen 

factors were considered, confirming the 

multicollinearity analysis of their influence 

and the applicability of these layers for 

potential detection. The Random Forest 

model was selected due to its satisfactory 

results in other regions worldwide. The 

performance and stability of the model were 

evaluated using several statistical criteria, 

which provided very good results for its 

application in this area. Finally, the 

developed methodology in this study may be 

useful for identifying potential groundwater 

areas, especially in mountainous regions with 

difficult access and areas where expensive 

exploration geophysical methods are 

challenging to apply over large extents. 
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Abstract— Changing in climat and decreasing in rainfall, and also increasing in population have caused the 

indiscriminate extraction from deep wells, as the main source of water supply in Rashtkhar plain.  The result of which 

was a severe drop in the groundwater level and a critical situation in the Roshtkhar aquifer. In order to reduce the crisis, 

several management activities have been carried out, including the project of installing smart water meters (SWMs) 

on the wells of the plain, as a subset of the rehabilitation and balancing plan. Investigating the trend of changes in the 

water level of observation wells in 20 years’ hydrographs, as well as calculated hours of operation and energy 

consumption of their corresponding selected agricultural wells shows considerable decreasing in the slope of the water 

level changes trend line of the observation wells after installing the SWMs compared to before installation. So that, in 

9 observation wells, which have continuous and correct statistics, there was an average decrease of 46.4% in the drop 

of water level after SWMs installation.  

Keywords: Smart meter, hydrograph, Roshtkhar plain,  water table fluctuations 

INTRODUCTION 

Numerous natural and human factors have 

caused excessive withdrawal from aquifers 

and reduced water table levels. As a result, 

the drop in water table levels causes severe 

crises such as water shortage and drying up of 

water resources, reduced water quality, land 

subsidence, and increased costs of water 

extraction and pumping. Given that natural 

factors are beyond human control, reducing 

the adverse effects of groundwater level 

decline and the aforementioned crises 

requires controlling excessive withdrawal 

from aquifers as the most important unnatural 

(human) factors. By now, numerous studies 

have been conducted in the field of installing 

smart water meters (SWM) [e.g., 1, 2, 3, 4]. 

Installing SWM, as a tool to control and 

manage groundwater withdrawal and prevent 

unauthorized withdrawal from water wells 

for various purposes, is one of the 15 

important projects of the restoration and 

balancing plan in Iran [5]. The perpouse of 

this paper is investigating the effect of SWM' 

installation on  groundwater table fluctuations 

in the Roshtkhar plain. 

MATERIALS & METODES 

A. Smart water meter (SWM) and data 

collection: 

A SWM is a device used to continuously 

measure, store information, and display the 

volume of water passing through a 

transducer, and is the most important tool for 

demand management and consumption 

control in the agricultural water sector. 

Number of  303 smart meters were installed 

on wells in the Rashtkhar plain include 266 

SWM and electricity (more than 87 percent of 

the meters), and 37 electromagnetic meters. 

In order to investigate the effect of installing 

SWMs on groundwater level fluctuations, 20-

year monthly statistical data of water level 

(before and after installing SWMs) in 12 

observation wells were used.  

 

B. Study Area: 

The Rashtkhar plain, with an area about 

2,409 km2, is located in Khorasan Razavi 

province at the geographical coordinates of 

59-2 to 55-59 East and 34-45 to 35-17 North. 

The Rashtkhar unconfined aquifer, is located 
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in the central part of the area, and it covers 

about 813 km2. 

DESCUSSION 

According to the available statistics and 

data, the hydrograph of 12 piezometers was 

drawn for a 20-year period (2003-2023) "Fig. 

1". As the slope of the water table change 

trend line with time in Table 1. shows, the 

overall trend of water table changes in 

piezometers is decreasing, and this 

decreasing slope was steeper and the water 

table drop was greater in the period before the 

SWM installation (2015). However, with the 

installation of meters, the decreasing trend 

has improved in Table 1. The results shows 

that the improvement in the decreasing trend 

of water table drop is affected by the 

installation of meters on agricultural wells. 

 
Fig. 1 Trend of changes in groundwater level in observation wells 

before and after SWM installation 

Table 1. Changes in groundwater level in observation wells before 

and after SWM installation 

Observation well 

specifications 

Water Table 

Slope  

Water Table 

Drop (m) 

symbol XUTM YUTM  BI  AI  BI AI  

P1 734125 3878114 -1.70 -0.86 -15.89 -7.98 

P2 731131 3875155 -1.09 -0.60 -9.99 -6.14 

P3 729831 3883012 -2.60 -1.83 -23.70 -15.88 

P4 727704 3885151 -2.80 -1.16 -23.51 -10.99 

P5 724760 3878177 -0.08 0.59 -2.90 3.13 

P6 721424 3882602 -2.80 Dry 27.10 Dry 

P7 720742 3888313 -2.9 3 -1.61 -17.40 -9.48 

P8 718485 3885507 -2.75  -1.68 -21.45 -13.79 

P9 717300 3892300 -2.94  -2.09  -26.66 -17.20 

P10 714593 3888771 -3.07 -1.75 -27.36 -16.14 

P11 711915 3893774 -0.33 0.11 -5.12 -0.73 

P12 707557 3890201 -1.57  Dry -13.79 Dry 

CONCLUSION 

The results of this study show that the water 

table in the plain continues to decline, but 

after the SWMs' installation on agricultural 

wells in 2015, the trend of groundwater level 

was declined in the critical prohibited 

Rashtkhar aquifer. The water table of 9 

observation wells have had an average 

decrease of 46% after 2015 compared to 

before SWMs' installation. This confirmed by 

decreasing about 12% in the operating hours 

of the selected wells corresponding to the 

observation wells. 
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Abstract— This paper examines the feasibility of investing in a pilot bio-recycling plant using bio-convertor edible 

insects for protein production which can serve as a roadmap to build a full-scale production unit.  This paper 

summarizes the outcome of 4-year experimental study undertaken to evaluate 5 insects registered by FAO as edible 

species for their capability in  recycling biowaste to produce protein direly needed by animal feed industry. These are 

Tenebrio molitar, Musca domestica, Lucilia sericata, Gryllus sp. and Hermetia illucens, the black soldier fly (BSF). 

BSF was found particularly Hermetia illucens, was found not only farmable and useful at larval stage as an efficient 

waste bio-convertor but also harmless through all its developmental stages. BSF larvae can biologically break down 

organic wastes generated by households, restaurants, food processing industries as well as agro-waste and convert 

them to protein that can added to animal feed. The dried larvae are rich source of digestible proteins (, essential fatty 

acids and minerals increasingly required for animal, poultry and fish farming. BSF, therefore, provide an 

environmentally friendly solution to the serious problem of biowaste disposal and recycling. As  an alternative protein 

source for animal feed, BSF farming can diminish the pressure on agricultural products such as soybeans direly needed 

to respond to increasing food demands of global population.  

Keyword: bio-recycling, biowastes, Hermetia illucens, Black Soldier Fly, Animal feed, bioconversion 

INTRODUCTION 

The predicted high global population by 

2050 requires an increase in food production 

by 70 to 100 %. Therefore, improving 

efficiency of agricultural inputs, reducing the 

cost of production and slowing down the 

negative environmental impacts are 

imperatives in the coming decades. 

Entomophagy can provide an urgent solution 

for global food security. Many countries are 

using insects as alternative protein sources 

[1]. Insect protein has many beneficial effects 

on the production and health of livestock and 

poultry [2]. Insect meal contains  comparable 

protein and fat contents to beef and chicken 

and has more unsaturated fatty acids and  

minerals such as iron and zinc [3]. However, 

when used for animal feed, insects must be 

produced in large volumes and with high 

quality and sustainability. This can only be 

achieved through a large-scale automated 

plant with optimized production processes 

[4]. Although some edible insects, as human 

food and animal feed have now been 

marketed in many countries, but safety and 

health standards must be carefully observed 

[5]. On average, the protein content of edible 

insects is between 35 and 60% of the dry 

weight and 10 to 25% of the fresh weight [6]. 

This is higher than protein contents of cereals, 

soybeans and lentils [7]. Studies have shown 

that the protein digestibility of insects without 

cuticles is 77–98% [8]. Insects are extremely 

efficient bio-converts. They are almost twice 

as efficient as chickens and more than 5 times 

as efficient as cattle. Insects can feed on low 

quality bioproducts, require much less space 

and create less pollution than livestock [9]. 

The CO2 emission per 1 kg of insect weight 

gain is 2 g, while that for livestock is between 

122 and 2850 g. On average, one kg of insect 

biomass can be produced from 2-5 kg of food 

waste [12]. Insect farming consume much 

less water than plant cultivation. 

OBJECIVE 

a) Assessing optimal conditions for 

biomass production per unit area 

b) Determining the rearing substrate 

composition for maximum growth 

c) Optimizing conditions for high adult 

density and fecundity per cubic meter 

d) Mapping out requirements for 

production unit installation  

mailto:dayer@modares.ac.ir
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METHODLOGY 

The insects were reared in the Insectarium 

of Tarbiat Modares University under 25±2 

ºC, 60% RH and 12h light to 12 h dark 

photoperiod. Household, restaurant, fruit 

waste and Agro-waste were used to formulate 

the test diets of insects. Wheat bran and cattle 

manure were used to provide a basic 

substrates for rearing cages. The effects of 

various diet compositions were examined on 

insects growth rate, longevity and fecundity 

as well as other biological indices important 

for life table.    

RESULT & DISCUSSION  

The composition of BSF meal is presented 

in Table 1. The protein comprises 44.5% of 

BSF meal which is higher than the content of 

other protein sources supplemented to 

livestock and poultry feed. It is rich in fibre 

(10.92 %) and useful fatty acids and 

hydrocarbons. It has significant amount of 

calcium, magnesium, sodium and phosphorus 

salts and the essential amino acids lysine and 

methionine. 

The calcium content of BSF is very high 

(21.6 g/kg), with 88% higher digestibility 

than fish meal, and therefore with a better 

biological value (Gunawan et al., 2018). Our 

study showed that BSF is a rich source of 

essential amino acids for human and livestock 

nutrition. 

In general, the black soldier fly can be bred 

on various waste substrates, and its 

nutritional quality is suitable for use in 

feeding livestock, poultry, and aquatic 

animals. 

The weight of consumed food (bran and 

fruit waste containing 80% water in a ratio of 

1 to 2) for a period of larval rearing for the 

population resulting from one gram of eggs 

(average 4.5 kg) was 5 to 5.5 times the weight 

of the larval mass, i.e. rearing 4.5 kg of larvae 

needs 22 to 25 kg of waste. The percentage of 

fertilizer obtained from rearing larvae will be 

34% of waste and 48% of other waste. 

Table 1. Nutritional components of the dried BSF larvae  

Minerals Amounts Organic matter Amounts 

N 7.13 % lysine 0.242 ug/g  

P 0.73% Methionine 0.038 (ug/g)  

Cl 142.0 (mg/kg) Protein 44.56 % 

Na 2046.6 (mg/kg) Carbohydrates 21.40 (ug/g) 

Ca 21.6 (g/kg) Fiber 10.92 %  

Mg 10.56 (g/kg) Fat* 27%  

Ash 8% Polysaccharide* 8%  
*, Calculated ratio 

CONCLUSION 

In conclusion, each of the insects studied 

has specific capabilities in using various 

types of organic wastes, and their nutritional 

values can complement each other to convert 

them into suitable diets for poultry. 

Therefore, managing their breeding at pilot 

scale or full-scale production units can lead to 

increased efficiency in nutritional properties 

of feed additives, waste valorisation and 

enhances environmental sustainability. 
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Abstract- Vaccines are considered one of the most important bioproducts in medicine. Since the development of the 

smallpox vaccine in 1796, several types of vaccines for many diseases have been created. However, some vaccines 

have shown limitations as high cost and low immune responses. Bacteriophages (phages) are playing important roles 

in vaccine design, particularly in peptide selection and antibody development.  Immunoglobulin G (IgG) from sheep 

which were protected from dermatophilosis with an enzyme preparation from Dermatophilus congolensis (D. 

congolensis), were used to select peptides displayed on phage in the Ph.D.-7 random peptide library which contains 

109 peptides. Phage displaying peptides which were unrelated to the mimotopes associated with protection to 

dermatophilosis were removed with IgG from sheep which were vaccinated with the enzyme preparation but were not 

protected. The IgG from the protected sheep before vaccination was also used for negative selection. From the selected 

mimotopes those with clearly repeating motifs were chosen and used to vaccinate sheep.  A mixture of four phage 

mimotopes induced antibody to a recombinant protease from D. congolensis. The vaccinated sheep, when challenged 

with two strains of D. congolensis, recovered more rapidly from the lesions caused by the strains. 

Key words: Vaccine, Phage display, Bacteriophage, sheep. 

INTRODUCTION 

Vaccination of sheep is a desirable method 

for control of the disease but until now has 

only been partially successful and antigens 

are difficult to produce in sufficient quantity 

from D. congolensis. The goal of vaccine 

development is to safely induce long-lasting, 

selective immunity to a targeted antigen. 

Increasingly, bacteriophages are playing 

important roles in vaccine design, particularly 

in peptide selection and antibody 

development. 

MATERIALS & METHODS 

IgG for the three positive selections to 

isolate peptides associated with protection 

was obtain from 11 sheep protected by 

vaccination with a preparation of heamolysin 

and other enzymes from Dermatophilus 

congolensis (D. congolensis). IgG for 

negative selection to remove peptides binding 

to unrelated antibodies was obtained from the 

same sheep prior to vaccination. 12 Merino 

hogget ewes evidence of dermatophilosis and 

originating from a flock with no history of 

dermatophilosis were randomly allocated to 2 

groups. Phage group received 1014 particle 

forming unit of each peptide chosen in 1 ml 

PBS per vaccination of each sheep.  

Montanide ISA206 was mixed with an equal 

volume of antigen to form a water-in-oil 

emulsion giving a dose of 2 ml which was 

inoculated subcutaneously into one site in the 

neck region of each sheep. Twenty-eight days 

after the first injection the sheep were 

revaccinated as described above. Twenty-one 

days after the second vaccination each sheep 

was challenged with zoospore suspension of 

D. congolensis. On the challenge day 4 skin 

patches (4 cm x 4 cm) were washed with 

ether.  The sites were wet with a light spray 

of water and then 400 ul of the D. congolensis 

zoospore suspension (2.5 x 107 zoospores/ml) 

applied to the each site with a syringe without 

a needle.  Two sites each were used for W14 

strain. After challenge, lesions were scored 7, 

14 and 21 days later using the scoring system.  

RESULTS 

The results in this experiment provide the 

first demonstration of induction of a specific 

immune responses and at least some 

beneficial effect from vaccination of large 

animals with mimotopes selected from a 

phage random peptide library. Vaccination 

with phage mimotopes resembling 

recombinant serine protease caused an 
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improved rate of recovery in lesions with one 

strain of D. congolensis. There was no 

correlation between the decrease in lesion 

score and the level of antibody to 

recombinant serine protease in any of the 

sheep.  

 
Fig. 1 Serine protease from D. congolensis was recognized by 

antibodies present in sera from some sheep which had been 

immunized with flagella mimotopes and challenged at day 49 with 

strain of D. congolensis. 

 
Fig. 2 Sheep numbers 1- 6 which were immunized with flagella 

mimotopes were challenged with W14 strain of D. congolensis and 

sheep numbers 7-12 were used as control. There was a significant 

difference at 21 days between the groups (P<0.001). 

CONCLUSION 

The results reported in this project provide 

the first demonstration of induction of a 

specific immune response against natural 

proteins and at least some beneficial effect 

after vaccination of large animals with 

mimotopes selected from phage random 

peptide library. As mimotopes can be 

selected, analysed and prepared in quantity 

much more quickly than the production of 

recombinant antigens, this technology should 

have considerable potential for preparing 

novel vaccines for other diseases. 
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Abstract- Recently, pets animals become closest friends to human because they share an emotional conjunctive with 

their owners. Pets‘ animals: Cats and dogs are the most animal breeding by human. Highly closet habit with animal 

leads them to expose the potential risk to infected and spread zoonotic infections such as S. aureus. Staphylococcus is 

one of the most frequently isolated genera of opportunistic bacteria in animals and human in the skin and mucous 

membranes. This research aimed to investigate whether staphylococcus transmitted from cats to their owner. Samples 

were obtained from the saliva of thirty cats and their owner each sample was cultured by mannitol salt agar and blood 

agar. Oxidase, catalase, coagulase, and gram stain were performed to diagnosis the Staphylococcus spp. And used 

VITEC method for identified Staphylococcus species. The result was shown proportion of cat samples that showed a 

growth of gram-positive Staphylococci was 70% (21 out of 30), 52.4% of these 21 samples showed growth of gram-

positive Staphylococci in cat owners (11 out of 21). VITEC result confirmed the isolate was Staphylococcus sciuri. 

Conclusion: The result was concluded highly possibility transmitted normal flora Staphylococcus sciuri from cat to 

owner. 

Keyword: Staphylococcus sciuri, pets animals, cat 

INTRODUCTION 

Staphylococci are Gram - positive cocci, 

approximately 1 μ m in diameter, that tend to 

occur in irregular clusters resembling 

bunches of grapes. The name derives from the 

Greek words staphyle and kokkos for a ‘ 

bunch of grapes ’ and a ‘ berry ’ , respectively. 

Staphylococcus species occur as commensals 

on skin and mucous membranes; some may 

act as opportunistic pathogens causing 

pyogenic infections. Most staphylococci are 

facultative anaerobes and catalase - positive. 

They are non - motile and oxidase - negative 

and do not form spores. Two species, S. 

aureus subsp. anaerobius and S. 

saccharolyticus, are anaerobic and catalase – 

negative [1]. 

A total of 43 species of Staphylococcus 

have been described to date, seven of which 

are coagulase - positive or coagulase - 

variable species. The coagulase - positive S. 

aureus subsp. aureus (referred to as S. aureus 

) , S. pseudintermedius, and the coagulase - 

variable S. hyicus are important pathogens of 

domestic animals[2]. Staphylococcus 

intermedius was previously thought to be the 

major staphylococcal pathogen of dogs and 

cats but it is now considered that S. 

intermedius strains isolated from these hosts 

belong to the species S. pseudintermedius[3].  

Staphylococcal species occur worldwide as 

commensals on the skin of animals and 

humans. They are also found on mucous 

membranes of the upper respiratory tract and 

lower urogenital tract and as transients in the 

digestive tract. The carriage sites of the 

pathogenic staphylococci are usually the 

mucous membranes and moist areas of the 

skin such as the axillae or perineal area. The 

nares are a major site of carriage of S. aureus 

in animals and humans, and approximately 

20% of humans are permanent nasal carriers 

of this organism [4]. In this study will isolated 

and identification of Staphylococcus spp. 

from domestic cats and their owners.  

METHODOLOGY 

Specimen from the saliva (mouth) of thirty 

cats and their owners (mouth) was collected 

by using a gel swab. Then cultured in the 

mannitol salt agar (MSA) plate and incubated 

at 37o C for 24 h. After that, a single colony 

was taken and cultured on a blood and 

nutrient agar plate and incubated at 37o C for 

24 h, and oxidase, catalase coagulase, and 

gram stain were performed on each sample. 
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The isolated bacteria were identified as 

Staphylococcus by VITEK test . 

RESULT 

Isolate growing on mannitol agar was 

appear yellow with golden colony as 

presented in Fig (3-1) and all isolate have 

oxidase negative, catalase and coagulase 

positive. 

 
Fig (3-1): Staphylococcus spp. Isolate on Mannitol Salt Agar. (A) 

from Cat Sample (B) From The Owners 

VITEK test was identified that 

Staphylococcus spp. isolate from cats and 

theirs owner was Staphylococcus sciuri as 

shown in Fig (3-2). 

 
Fig (3-2) : VITEK test report was identified isolate is  

Staphylococcus sciuri 

DISCUSSION 

The composition of normal flora on an 

organism depends on the species, feed and 

environment, including population density. 

Nevertheless, S. aureus is the most frequently 

isolated coagulase positive Staphylococcus 

(CPS) from the anterior nares and temporarily 

from the skin of humans, whereas coagulase 

negative staphylococci (CNS), mainly 

Staphylococcus epidermidis, are dominant on 

the skin [5] 

The finding of this study is compatible with 

the finding of  Cox HU et al.  [6] who 

isolated S. sciuri from clinically healthy cats.  

The organism is considered a principally 

animal bacterial species and is commonly 

present on skin and mucosal surfaces of a 

wide range of pets and farm and wild animals 

[7,8], and since this strain appears in owners 

sample  so it’s probable that strain is 

transmitted from the cats to their owners. 

CONCLUSIONS 

The result was concluded highly possibility 

transmitted normal flora 

Staphylococcus sciuri from cat to 

owner 
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Abstract—Using nanotechnology, medicine can effectively be made stronger, lighter, more durable, more reactive. In 

this study, a highly safe emulsion nano-capsule was tested for its superior efficacy, the ability to overcome drug 

resistance, and the least possible amount of side effects and complications associated with the treatment of hydatidosis. 

Nano-capsules are synthesized using a micro-emulsion of oil in water. formulations were tested via droplet size, zeta 

potential and SEM. Following seven months after infection, hydatidosis-infected 30 mice were divided into three 

groups. Groups 1 was treated daily with Albendazole plus Mebendazole Polymer Nano-capsules (Nano-ABZ+MBZ), 

group 2 was treated with Albendazole plus Mebendazole (ABZ+MBZ) as a positive control group, and Albendazole 

as a control group, group 3 was the negative control group without treatments (only received PBS). According to the 

results of the study, the total cyst numbers, total cyst size and weight of Nano-ABZ+MBZ had significantly lower total 

cyst numbers than the ABZ+MBZ. As well as the cyst with the maximum size and highest weight of Nano-capsule 

group had significantly lower than control groups. In conclusion.ABZ+MBZ-Nano-capsule can serve as suitable 

alternatives to chemical drugs. With the right application of nanotechnology, it is possible to possess the potential to 

produce safe and effective drugs, which has promising implications. 

Keyword: Nanotechnology, Nano capsule, Hydatidosis, Albendazole, Mebendazole 

INTRODUCTION 

Hydatid cyst is a larval stage of 

Echinococcus granulosus. Hydatidosis is 

described as a zoonotic. It is still remaining a 

serious health and economic problem 

worldwide. The life cycle includes the final 

hosts, dog and canids, where parasite eggs are 

released in the environment by faeces, and the 

intermediate hosts, sheep or other ruminants, 

as well as humans with Eating fodder, 

vegetables and fruits infected with parasite 

eggs will cause hydatidosis [1]. 

The chemotherapeutic drugs that can treat 

hydatiosis is benzimidazole, including 

albendazole (ABZ) and mebendazole (MBZ). 

It is known that ABZ  and MBZ have side 

effects at high doses over long periods of 

treatment for human patients. During the last 

few years, it has become indicated that in 

addition to the side effects of chemical drugs, 

drug resistance has also been observed, which 

made the treatment of hydatidosis 

complicated [1,2]. 

Designing and manufacturing newer drugs 

involves lots of time and cost. Therefore, it is 

better to Equipping medicines with advanced 

weapons such as using nanotechnology of 

nanomedicines [2]. 

Recently, Nanomedicines are introduced as 

an emerging drug carrier, a promising way to 

effectively treat parasitic diseases by 

overcoming the disadvantages of low 

bioavailability, non-specific distribution and 

rapid elimination of anti-parasitic drugs from 

the body of animals and humans. 

Nanomedicines are attended to have high 

drug encapsulation capacity, high stability 

and good drug holding [2,3]. 

MATERIALS & METHODS 

Nano-capsule was prepared at room 

temperature using a micro-emulsion of oil in 

water (pH 7.4). The zeta potential spectrum 

of the ABZ+MBZ was shown in the range of 

0 to -52 millivolts, And the particle size 

analyser showed, the mean size of 

ABZ+MBZ nano-capsules was 183.01 nm. 

30 BALB/c mice aged up to 2 months were 

used in this study. A total of 2000 

protoscoleces 90% survival (eosin stain 

0.01%), were injected intraperitoneally into 

each mouse to induce infection. Following 

seven months after infection, 30 mice were 
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divided into three groups. Eevery other day, 

Groups 1 was treated with Albendazole plus 

Mebendazole Polymer Nano-capsules (Nano-

ABZ+MBZ), group 2 was treated with 

Albendazole plus Mebendazole (ABZ+MBZ) 

as a positive control group, group 3 was the 

negative control group without treatments 

(only received PBS). After the treatment 

period, mice were euthanized painlessly. 

hydatid cysts were found in the internal 

organs were carefully removed and the 

physical properties of the cysts were 

measured in terms of number, size and 

weight. 

RESULT 

According to the results of the study, the 

total cyst numbers, total cyst size and weight 

of Nano-ABZ+MBZ had significantly lower 

total cyst numbers than the ABZ+MBZ. As 

well as the cyst with the maximum size and 

highest weight of Nano-capsule group had 

significantly lower than control groups. 

In conclusion, ABZ+MBZ-Nano-capsule 

can serve as suitable alternatives to chemical 

drugs. With the right application of 

nanotechnology, it is possible to possess the 

potential to produce safe and effective drugs, 

which has promising implications. 
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Abstract- Hydatid cyst is a serious zoonotic disease caused by the larval stage of the parasite Echinococcus granulosus 

sensu lato and is particularly prevalent in rural areas and communities where sheep and dogs are raised together. 

Current treatments include surgery, used only as save-live option, and less invasive techniques, such as watch and wait 

or cystic liquid aspiration. All cures are used along with drug therapy, and often this is the only option, but significant 

limitations such as side effects, insufficient drug penetration into the cyst, and drug resistance are often observed. 

Hence, the current review aims to investigate the application of nanoparticles and nanocoatings in treating hydatid 

cysts. Moreover, the role of nanotechnology tools in enhancing the effectiveness of conventional and herbal medicines 

is discussed, and the advantages, challenges, and future of these methods are analyzed. In this regard, nanotechnology 

has been introduced as a new approach to improve the effectiveness of treatments. Nanodrugs have been widely used 

to treat hydatid cysts due to their properties, such as increased solubility, stability, and bioavailability of drugs, the 

ability to target the cyst site, and reduced side effects. Nanocapsules have been investigated for enhancing drugs such 

as albendazole as a standard treatment to increase the penetration of the drug into the cyst wall. Additionally, 

nanoformulations based on plant compounds such as curcumin and flavonoids have shown significant antiparasitic and 

anti-inflammatory effects. In conclusion, nanotechnology has opened up new hopes for increasing efficacy and 

reducing the side effects of existing methods for hydatid cyst treatment. 

Keywords: Nanotechnology, Hydatid Cyst, Nanoparticles, Nanocoatings 

INTRODUCTION 

Cystic echinococcosis (CE) is a parasitic 

disease caused by the infection of the larval 

stage of the parasite Echinococcus granulosus 

sensu lato (s.l.). CE is a significant public 

health concern, especially in rural areas and 

communities where the biological cycle is 

perpetuated by sheep (intermediate host) and 

dogs (definitive host) raised together [1]. 

Humans are accidental intermediate hosts of 

the parasite through the consumption of 

contaminated food or contact with infected 

dogs. Once the parasite enters the body, the 

larvae settle mainly in the liver and lungs, 

forming fluid-filled cysts that can cause 

complications such as mechanical 

obstruction, secondary infections, and even 

death [2]. 

Nanotechnology has emerged as a novel 

approach to treating hydatid cysts by 

providing targeted drug delivery, increased 

efficacy, and reduced side effects [3]. 

Nanotools have improved the ability of drugs 

to penetrate the cyst wall and achieve long-

term therapeutic effects by providing 

advanced drug delivery systems. Hence, the 

current review aims to investigate the 

application of nanoparticles and nanocoatings 

in treating hydatid cysts. 

NANOTECHNOLOGY 

In recent decades, nanotechnology has 

emerged as a powerful tool for treating 

several diseases, comprehensive of chronic 

and infectious diseases [4]. In particular, 

Nanotechnology has significantly benefited 

CE therapy by providing advanced drug 

delivery systems. One of the main challenges 

in the treatment of hydatid cysts is the lacking 

in penetration of drugs into the cyst wall and 

the low bioavailability of antiparasitic drugs. 

Due to their small size and high active surface 

mailto:hborji@um.ac.ir
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area, nanoparticles can penetrate deeper 

tissues and cyst walls [5]. 

Another advantage of nanotechnology is 

the possibility of designing targeted drug 

delivery systems. These systems deliver 

drugs directly to the cyst site and prevent non-

specific distribution of the drug in the body 

[6]. This feature increases the effectiveness of 

the treatment and reduces the risk of systemic 

side effects [7]. 

Nanoformulations can also increase the 

solubility and stability of antiparasitic drugs. 

Using nanocapsules with herbal compounds 

such as curcumin enhances anti-

inflammatory and antiparasitic effects. As a 

transformative approach, nanotechnology can 

help overcome the challenges in treating 

hydatid cysts [8]. 

CHEMICAL AND HERBAL 

MEDICINES 

Albendazole is known as one of the 

primary drugs in treating CE, but its low 

bioavailability and the need for high doses are 

its main limitations [9]. Lipid and polymer 

nanoparticles have been developed to 

enhance the efficacy of this drug. 

Albendazole-based nanoformulations and 

nanocapsules have increased the drug's 

absorption into the cyst wall and enhanced its 

antiparasitic effects [10]. These nanoparticles 

can also increase the drug's half-life and 

reduce the need for repeated administration. 

Regarding herbal compounds, curcumin, as 

a natural anti-inflammatory and antiparasitic 

compound, has attracted much attention. 

However, limitations such as its low 

solubility and rapid metabolism in the body 

have led to the development of curcumin-

based nanoformulations and nanocapsules. 

These nanoparticles have enhanced 

curcumin's therapeutic effects and enabled its 

targeted delivery to the cyst site [5]. 

Moreover, nanocoatings for other plant 

compounds, such as flavonoids and essential 

oils, can help improve their efficacy and 

reduce their side effects. Nanotechnology can 

be combined with existing therapeutic 

methods and is an effective supplement in 

treating hydatid cysts [11]. 
 

CONCLUSION 

As a novel approach to treating CE, 

nanotechnology has opened up new hopes for 

increasing efficacy and reducing the side 

effects of existing methods. Nanoparticles 

and nanocoatings have provided effective 

solutions to overcome existing limitations by 

improving the properties of conventional 

drugs.  
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Abstract— Lasers have wide applications in medicine, especially in the treatment of burn patients. They help heal 

tissue, reduce pain, and speed up the healing process. The use of lasers in the treatment of burns helps to improve the 

quality of life of patients and reduce the complications caused by burns. The right laser, depending on the type and 

severity of the injury, requires expert advice. Laser therapy in burn patients is one of the effective methods to heal 

wounds and reduce side effects caused by burns. Special lasers, such as non-destructive lasers and diode lasers, 

penetrate deep into the skin and by stimulating fibroblast and collagen cells, they accelerate the process of tissue repair 

and thus stimulate tissue repair. Also, by reducing inflammation and relieving pain, lasers help patients experience a 

more comfortable recovery period. Laser therapy can help improve the appearance of wounds and reduce scar tissue. 

Special lasers such as CO2 lasers can help reduce the thickness and color of scars. By increasing the blood flow in the 

damaged area, lasers deliver nutrients and oxygen to the cells and help the healing process. With the help of their light 

waves, lasers generate energy. They transfer to the cells and this energy causes biochemical changes in the cells, which 

also helps to repair and regenerate the tissue. 

Keyword: Lasers, burns, types of lasers, lasers in the operating room 

INTRODUCTION 

Medical lasers, especially CO2 and Erbium 

lasers, can help stimulate the production of 

collagen and fibroblasts. This accelerates the 

repair of damaged tissues and improves the 

condition of the wound. Also, by penetrating 

deep into the tissue, lasers can reduce 

inflammation and help relieve the pain of 

patients. These anti-inflammatory effects 

improve the quality of life of patients and 

facilitate the healing process. The use of laser 

in the treatment of burn wounds can help 

reduce scars and skin discoloration. With the 

use of special lasers, the scar tissue becomes 

softer and less visible. Lasers help to restore 

the surface of the skin and improve its 

appearance. 

This feature is especially important in 

patients with deep or extensive burns who 

may have permanent scars. Lasers are known 

as a minimally invasive method that does not 

require large incisions and reduces recovery 

time. This feature allows patients to quickly 

return to their daily activities. The use of 

medical lasers in the treatment of burns is 

known as an effective and safe method. These 

techniques are a significant improvement 

In the process of wound healing, they 

reduce side effects and increase patient 

satisfaction. Lasers play an important role in 

burn and plastic surgery operating rooms. 

Their functions include the following: 

Precision surgery: lasers cut tissues with 

high precision and allow surgeons to operate 

without damaging adjacent tissues. 

Bleeding control: Lasers can close blood 

vessels, thus reducing bleeding and reducing 

the need for stitches. 

Wound healing: In the treatment of burns, 

lasers can help heal the tissue and repair the 

wound and help reduce scars and side effects. 

Pigment changes: Lasers can be used to 

improve skin color and reduce pigment 

changes caused by burns or surgery. 

Fat breakdown: In plastic surgery, lasers 

are used as a tool for lipolysis (fat reduction). 

The use of lasers in these areas helps to 

increase accuracy, reduce recovery time and 

improve final results. 

Lasers can be added to several types of 

surgical devices in the burn and plastic 

surgery operating room. Some of these 

devices are: 

General surgery devices: Lasers can be 

added as accessories to general surgery 

devices to provide more precision and control 

in cutting tissues. 

Tissue destruction devices: lasers can be 

added to specialized devices such as tissue 

destruction devices (such as RF devices) to be 

more effective in destroying damaged tissues. 
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Liposuction devices: Special lasers can be 

added to liposuction devices to help break 

down fat and reduce surgical invasiveness. 

Wound healing devices: Lasers can be 

added to wound healing devices to help 

improve tissue quality and reduce scarring. 

Cosmetic surgery devices: In cosmetic 

surgery, lasers can be used as a tool to cut and 

repair the skin. Adding lasers to these devices 

can help improve accuracy, reduce 

complications, and increase patient 

satisfaction. 

TYPES OF LASERS AND THEIR 

APPLICATIONS 

In the field of medical lasers, a few types are 

particularly popular. The following are 

the most popular lasers and the 

advantages and disadvantages of each: 

CO2 laser[6]: 

The advantages of this laser are that it is 

very effective in skin surgeries and tissue 

removal, the ability to regenerate tissue and 

reduce scars, and it will have lasting results in 

skin rejuvenation. The disadvantages of this 

laser are that it has a longer recovery time, 

may cause side effects such as redness and 

swelling, and requires post-operative care. 

Nd laser[7]: 

The advantages of this laser include the 

ability to penetrate deep into the tissue, 

suitable for the treatment of blood vessels and 

tumors, minimal damage to surrounding 

tissues, and a shorter recovery time than the 

CO2 laser. The disadvantages of this laser are 

that it may not be effective for some skins and 

there is a possibility of side effects such as 

skin color change. 

 Erbium laser[8]: 

The advantages of this laser are that it is 

suitable for superficial skin treatments and 

rejuvenation, it has a shorter recovery time 

than the CO2 laser, and it will have fewer side 

effects, such as redness and swelling. The 

disadvantages of this laser are that it may not 

be as effective as the CO2 laser in removing 

deep wrinkles and requires more treatment 

sessions for better results. 

Diode laser[9]: 

The advantages of this laser are effective in 

treating excess hair and low back, less pain 

and faster treatment time and compatibility 

with all skin types. The disadvantages of this 

laser are that it may be less effective for light 

or thin hair and requires several treatment 

sessions for optimal results. 

Color pulse laser[10]: 

The advantages of this laser are that it is 

multi-purpose and effective in treating 

various skin problems such as acne and 

discoloration, and it is painless and does not 

require anesthesia. The disadvantages of this 

laser are that the results may vary depending 

on the type of skin and the side effects are 

few, but it may cause skin irritation in some 

people. 

LASER DEVICE ACCESSORIES 

Medical laser devices have various 

accessories and components, each of which 

plays a special role in the performance and 

efficiency of these devices. The most 

important accessories include the following: 

Laser source: This part produces the laser 

beam and can be of different types such as 

diode lasers, CO2 lasers or Nd lasers. 

Optics: include lenses and mirrors that 

focus the laser beam and direct it to the target 

point. 

Cooling system: To prevent overheating of 

the device and damage to the surrounding 

tissues, there are cooling systems (for 

example, water or cool air) in laser devices. 

Pedal or controller: These tools allow the 

doctor to manually control the laser settings 

and start or stop the treatment. 

Status bar: These displays show 

information such as laser power, treatment 

duration and device status. 

Bands and Filters: Some devices may have 

filters that allow only certain wavelengths to 

reach the target tissue. 
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Accessory parts: Includes various handles 

and probes for specific treatments such as 

dermatological or surgical treatments. 

Safety systems: include sensors used to 

prevent unwanted operation and greater 

safety during treatment. These accessories 

help doctors to use laser technology in the 

best way to treat patients. 

CONCLUSION 

The use of lasers in burn surgery is an 

effective and innovative approach with 

numerous advantages. This technology 

enables precise cutting, enhances bleeding 

control, and minimizes side effects, which 

ultimately improves both the quality of 

treatment and the recovery speed of patients. 

Additionally, lasers play a crucial role in 

reducing and improving the appearance of 

scars resulting from burns. However, to fully 

leverage this technology, proper training and 

specialized infrastructure are essential. 

Finally, combining lasers with other 

treatment methods can further optimize 

surgical outcomes and enhance patient care. 

Lasers are an integral tool in the operating 

room, widely used in various surgeries and 

medical treatments. These advanced devices 

offer numerous benefits that contribute to 

better surgical results and the reduction of 

side effects. 
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Abstract— In this paper, we propose a new variation of the Gate All Around Nanosheet Field Effect Transistor (GAA 

NS FET), incorporating Dual Wire (DW) strained channels. We examine its electrical performance at a temperature 

of 300K and compare it with the Conventional DW GAA NS FET and the Conventional GAA FET. Our study 

investigates the impact of electrostatic control on DC and analog parameters, such as gate capacitance and 

transconductance, for all three device types. The channel regions of the proposed structures are composed of Silicon 

Germanium (Si/Ge/Si), and the combination of strain and the heterojunction design leads to significant enhancements 

in device performance. To accurately model the semiconductor device, we solve the Density Gradient (DG) equation 

self-consistently, applying the Shockley-Read-Hall (SRH) equation to estimate carrier generation, while also 

considering the effects of bandgap narrowing on transport behavior and accounting for Auger recombination. Notably, 

at 300K, the Conventional DW GAA NS FET demonstrates a substantial improvement in both Ion and Ioff compared 

to the Conventional GAA FET. 

Keyword: Conventional GAA FET, Naonosheet-Dual wire,  Density Gradient (DG) 

INTRODUCTION 

In recent decades, the semiconductor 

industry has advanced significantly by 

shrinking device sizes, allowing more 

transistors on a single chip and improving 

performance, as predicted by Moore's Law. 

This miniaturization aims to increase density, 

speed, and cost-efficiency in integrated 

circuits but also introduces challenges like 

short-channel effects. Multi-gate transistors 

and alternative structures like FinFET and 

GAA transistors help address these issues. 

Additionally, techniques like strain 

engineering and new materials, including 

high-k dielectrics and metal gate electrodes, 

are enhancing CMOS technology [1-5]. The 

semiconductor industry has been a crucial 

foundation for modern communication 

technologies, including wireless networks, 

cellular systems, military applications, 

navigation, identification, and radio 

broadcasting [6]. The consistent 

miniaturization of metal-oxide-

semiconductor field-effect transistors 

(MOSFETs) has been largely enabled by 

advancements in fabrication technology and 

device engineering, aiming to achieve greater 

packaging density and enhanced performance 

[7–9]. As outlined in the International 

Technology Roadmap for Semiconductors 

(ITRS), CMOS scaling into the sub-

nanometer range necessitates advanced 

channel engineering methods. Therefore, to 

address the limitations of traditional bulk 

MOSFETs, the development of new 

architectures and devices is essential to drive 

further improvements in sub-nanometer 

scaling [10]. Researchers have explored 

various architectures, including double gate, 

gate-all-around, quadruple gate, dual-

material double gate, triple-material double 

gate, and junctionless double-gate 

MOSFETs, achieving enhancements in 

electrostatic control, analog, and RF 

performance [11]. As integrated circuits 

continue to increase in density, exploring 

nanoscale devices has become essential. 

However, as devices shrink to nanoscales, 

they encounter unwanted effects, including 

hot carrier effects (HCE), elevated off-state 

currents, and higher gate currents. Silicon-on-
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insulator (SOI) technology presents a 

promising solution for nanoscale 

applications, offering advantages such as 

minimized short channel effects (SCEs), 

enhanced drive currents, and reduced 

junction capacitances [12]. Due to its ability 

to suppress SCEs, Nanosheet transistors have 

been extensively studied and shown to 

outperform conventional MOSFETs. To 

further address SCEs, a new device 

Nanosheet FET with dual wire in gates has 

been proposed. 

Nanosheet field-effect transistors (NS 

FETs) are a promising technology for future 

analog and RF System-on-Chip (SoC) 

applications at the 3 nm scale. They enable 

shorter gate lengths, improving performance 

at lower voltages and boosting chip density 

[13-15]. The gate-all-around (GAA) design 

helps control nanosheet channels, reducing 

short-channel effects. Additionally, NHJS 

technology supports digital CMOS scaling 

through FinFET and multi-gate designs, 

enhancing analog and RF integration [16]. 

This study conducted simulations on existing 

structures, comparing them with 

heterojunction structures. Enhanced carrier 

mobility was mainly attributed to strain from 

lattice mismatch. To incorporate 

heterojunction structure and strain 

engineering, we used multilayered Si/Ge/Si 

materials. The paper is organized as follows: 

Section 2 details the design, geometry, and 

simulation methods for both Heterojunction 

GAA NS FET and Conventional GAA NS 

FET, with brief insights on their potential 

applications. Section 3 examines the impact 

of strain engineering and heterojunction 

structure on the devices' electrical properties. 

Section 4 summarizes the key findings.  

DEVICE STRUCTURE AND 

SIMULATION METHOD 

Figure 1 illustrates 3D schematic views of 

the Conventional DW GAA NS FET, 

characterized by a rectangular cross-section. 

This structure uses silicon in the source and 

drain regions, with SiGe forming the 

channels. The tensile-strained SiGe 

significantly impacts energy levels within 

these structures. For our simulations, we 

applied a set of parameters for the 

Conventional DW GAA NS FET, outlined in 

Table 1. Aluminum, with a work function of 

4.7 eV, was used as the gate material, 

producing an internal electric field that repels 

electrons from the channel in the OFF state. 

Key parameters include 𝑡𝑠𝑖 (silicon body 

thickness), 𝑊 (channel width), and 𝐿 

(channel length). We assumed a gate oxide 

thickness of 0.5 nm for 𝑆𝑖𝑂2 and 1.5 nm 

for 𝐻𝑓𝑂2. Figure 2 shows the comparison of 

the transfer characteristics of the primary 

structure with a reference transfer curve, used 

to calibrate simulation parameters. 

To improve the accuracy of our 

simulations, we employed an effective 

quantum-corrected potential as the basis for a 

Scharfetter-Gummel discretization scheme. 

These equations were then solved using the 

3D ATLAS simulator. To achieve reliable 

predictions of subthreshold behavior and 

Auger recombination effects, the bandgap 

narrowing (BGN) model was integrated into 

our simulations. We also applied the 

Shockley-Read-Hall (SRH) model to assess 

carrier generation and recombination, 

allowing us to evaluate the influence of 

doping on device performance. Additionally, 

Fermi-Dirac (F-D) statistics were used to 

describe the likelihood of electron or hole 

occupancy in specific energy states under 

equilibrium conditions [17]. 

 

 
Figure.1: (a)3D schematic view of Conventional DW GAA NS 

FET with nitride spacer (b) 2D view and cross section of 
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Conventional DW GAA NS FET (c) 2D view and cross section of 

Conventional DW GAA FET 

RESULTS AND DISCUSSIONS 

Figure 2 presents the 𝐼𝐷_𝑉𝐺  characteristics 

under varying temperature conditions. 

Notably, as the temperature decreases, the 

drain current 𝐼𝐷 increases. This increase in 𝐼𝐷 

can be attributed to the enhanced mobility of 

charge carriers at the source-channel 

interface, as shown in Fig. 2. Electron 

mobility can be determined using a linear 

regression technique, as outlined in 

references. The mobility is inferred from the 

relationship between drain current and 

electron mobility in the transfer 

characteristics [18]. Specifically, electron 

mobility can be calculated by differentiating 

𝐼𝐷with respect to drain voltage. Equations (1) 

to (4) demonstrate that electron mobility is 

directly linked to changes in drain current, 

indicating its sensitivity to the electric field. 

Table 1: Parameters used for devices modeled in this work 

Parameters 

 Conventional 

DW GAA NS 

FET 

Conventional 

DW GAA 

FET 

Height of the 

devices (nm) 
60 25 

Height of the 

substrate (nm) 
30 30 

Nanosheet width (nm) 15 15 

Gate length(nm) 5  5  

Source/Drain 

length (nm)  
12 12 

Channel doping  
Without 

doping 

Without 

doping 

Source/Drain 

doping  
n.type 1020 n.type 1020 

Dual wire doping p.type 1016 p.type 1016 

Spacer 

dielectric/Underlap 

(nm) 

Nitride\5 Nitride\5 

 
Figure.2 : Drain current of  the Conventionakl DW GAA NS FET 

and Conventional DW GAA FET under versus gate voltage at 

𝑉𝐷𝑆 = 0 ∙ 6𝑉 

𝑰𝑫 = 
𝝁𝒆𝒇𝒇𝑪𝒐𝒙

𝟐
(

𝑾

𝑳
) (𝟐(𝑽𝑮𝑺 − 𝑽𝑻)𝑽𝑫𝑺

− 𝑽𝑫𝑺
𝟐 )   

 

(1) 

If 𝑉𝐷𝑆 is low, then 

𝑰𝑫 ≅ 𝝁𝒆𝒇𝒇𝑪𝒐𝒙 (
𝑾

𝑳
) ((𝑽𝑮𝑺

− 𝑽𝑻)𝑽𝑫𝑺) 

(2) 

 

𝝏𝑰𝑫

𝝏𝑽𝑫𝑺
|

𝒔𝒎𝒂𝒍𝒍𝑽𝑫𝑺

= 

𝝁𝒆𝒇𝒇𝑪𝒐𝒙 (
𝑾

𝑳
) (𝑽𝑮𝑺 − 𝑽𝑻)(𝟑) 

(3) 

 

𝜇𝑒𝑓𝑓 =
(

𝜕𝐼𝐷
𝜕𝑉𝐷𝑆

⁄ )| 𝑉𝐷𝑆

𝐶𝑂𝑋 (
𝑊
𝐿

) (𝑉𝐺𝑆 − 𝑉𝑇)
                     (4) 

In relation to points (1) to (4), it is 

important to emphasize that electron mobility 

is closely linked to changes in drain current, 

indicating that it is also affected by the 

electric field. The dual wire (DW) channels in 

the device increase the electric field strength 

beneath the gate region. However, the 

"effective" electron mobility is primarily 

governed by the source and drain regions. 

These regions typically exhibit lower electron 
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mobility due to their high doping 

concentrations. Additionally, the 

heterojunction structure at the interface 

between the source and the channel plays a 

key role in enhancing mobility. 

Figure 3 shows the variations in drain 

current for both the Conventional DW GAA 

FET and the Conventional DW GAA NS FET 

at a temperature of 300K. These are depicted 

as functions of drain voltage under different 

𝑉𝐺𝑆 conditions. When a drain voltage is 

applied, it drives charge carriers through the 

transistor’s channel region. As the 

temperature exceeds room temperature, the 

diffused drain current increases, resulting in 

reduced mobility and further degradation of 

the drift current. As the drain voltage 𝑉𝐷𝑆 

increases, more charge carriers attempt to 

pass through the narrow channel. However, 

beyond a certain threshold, the drain current 

reaches saturation, even as the drain voltage 

continues to rise. This saturation is due to 

strain engineering and the heterojunction 

structure, both of which improve carrier 

transport efficiency by aiding the movement 

of additional carriers toward the drain side. 

Furthermore, the heterojunction structure 

offers several advantages over 

homojunctions, such as improved carrier 

mobility, better bandgap alignment, lower 

leakage currents, and more effective carrier 

confinement. The curve clearly shows that the 

drain current is notably higher for the 

Conventional DW GAA NS FET compared 

to the Conventional DW GAA FET, 

highlighting the advantages of using a 

heterojunction structure in semiconductor 

devices. 

 
Figure.3: Drain current of  the Conventionakl DW GAA NS FET 

and Conventional DW GAA FET under versus Drain voltage  

It is clear that the Conventional DW GAA 

NS FET delivers a higher ON current and a 

lower OFF current. The currents in both the 

ON and OFF states for these structures are 

shown in Fig. 4. The ratio of 𝐼𝑂𝑁to 𝐼𝑂𝑓𝑓is an 

important factor for integrated circuits (ICs) 

and CMOS technology, particularly for low-

power applications that require high-speed 

performance. The Conventional DW GAA 

NS FET provides more space at the source-

channel interface for carriers to drift when the 

transistor is in the ON state. This increased 

carrier velocity in the source region, along 

with the effective channel width, results in a 

larger ON current. Additionally, the 

conduction band offset energy enables 

electrons to acquire more kinetic energy, 

further contributing to the higher 𝐼𝑂𝑁 values. 

 
Figure. 4 : Drain current of the Conventional DW GAA NS FET 

and Conventional DW GAA FET under versus different 

temperatures on 𝑉𝐷𝑆 = 0 ∙ 6𝑉 in logarithmic scale 
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Transconductance, denoted as 𝑔𝑚 and 

calculated using the formula 𝑔𝑚 =
𝜕𝐼𝐷𝑆 𝜕𝑉𝐺𝑆⁄ , is directly derived from Fig. 5. 

We analyze the transconductance 

𝑔𝑚characteristics of both the Heterojunction 

DW GAA NS FET and Conventional DW 

GAA NS FET at varying 𝜕𝑉𝐺𝑆 values, with 

𝜕𝑉𝐺𝑆=0. , taking into account the source-

relaxed SiGe/channel-strained Si 

heterointerface.  

As the gate overdrive voltage exceeds 

0.25V, a continuous increase in 

transconductance is observed for both 

devices, due to the corresponding rise in drain 

currents. A higher 𝜕𝑉𝐺𝑆 in a device signifies 

improved transport efficiency within the 

channel, increased voltage gain for analog 

applications, and better overall device 

performance. As shown in Fig. 5, the 

transconductance of the Conventional DW 

GAA NS FET structures exceeds that of the 

conventional devices. 

Figure.5: Transconductance (gm) characteristics of the 

Conventional GAA NS FET and Conventional GAA FET under 

under versus different temperatures on 𝑉𝐺𝑆 and 𝑉𝐷𝑆 = 0 ∙ 6𝑉 

In Figure 10, both the total gate capacitance 

(𝐶𝐺𝐺) and gate-source capacitance (𝐶𝐺𝑆) are 

shown as functions of the gate voltage (𝑉𝐺). 

The performance of these devices is 

significantly influenced by both capacitances, 

which can be optimized by reducing 𝐶𝐺𝐺 and 

𝐶𝐺𝑆. In heterojunction-strained structures, 

𝐶𝐺𝐺 is primarily affected by two factors: 

lowering the barrier between the source and 

the channel, and the accumulation of charges 

at the hetero-interface. As the gate-source 

voltage (𝑉𝐺𝑆) increases, both 𝐶𝐺𝐺 and 𝐶𝐺𝑆 

increase, leading to extended propagation 

delays and reduced circuit performance. 

Specifically, 𝐶𝐺𝑆 plays a crucial role in the 

device’s switching characteristics, as it 

directly influences the speed at which the 

transistor charges and discharges. This 

increase in capacitance results in slower 

switching speeds and higher energy 

consumption, thus reducing overall 

performance. Therefore, minimizing both 

𝐶𝐺𝐺 and 𝐶𝐺𝑆 is key to enhancing device 

performance, reducing energy loss, and 

achieving faster switching times. 

 

 
Figure.6: The (a) 𝐶𝐺𝑆 with ac frequency=1𝑀𝐻𝑧 under various VGS 

and VDS = 0 ∙ 6V (b) The 𝐶𝐺𝑆 with ac frequency=1𝑀𝐻𝑧 under 

various VGS and VDS = 0 ∙ 6V 

CONCLUSION 

We conducted a comprehensive analysis of 

various performance parameters for both the 

Conventional GAA NS FET and the 
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Conventional GAA FET devices. The study 

compared the behavior of the Conventional 

GAA Nanosheet FET with the Conventional 

GAA FET in both DC and AC modes. By 

simulating a 3D Gate-All-Around transistor 

and incorporating dual wires (DW) at the 

leftmost and rightmost ends of the main 

channel, we observed enhanced electron 

depletion in the OFF state. In partial depletion 

mode, the influence of the electric field from 

the drain voltage on the electrons was notably 

reduced. Our findings showed significant 

improvements in key parameters in the 

Conventional GAA Nanosheet FET 

compared to the Conventional GAA FET. 

Specifically, the ON-state current in the 

Heterojunction structures was approximately 

15% higher than that in the Conventional 

GAA FET across a range of 300K 

temperatures. In conclusion, our analysis 

demonstrated superior performance 

characteristics of the Conventional GAA NS 

FET over the Conventional GAA FET. 
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Abstract— We investigate the effects of the electron-electron interaction on the intrinsic longitudinal conductivity in 

a magnetic two-dimensional electron gas with Rashba spin-orbit coupling. The breakdown of Galilean invariance in 

this system enhances the effects of electron-electron interaction. In the clean system or high-frequency limit, the 

longitudinal conductivity is obtained in terms of the spin-spin response functions. Here, we considered the electron-

electron interaction effects within the Hubbard approximation for the local field factor, which is beyond the random 

phase approximation, then obtained the intrinsic longitudinal conductivity. We show that the intrinsic longitudinal 

conductivity increases with increasing interaction strength in two-band regimes. 

Keyword: Longitudinal Conductivity, linear response theory, random phase approximation, Hubbard approximation 

INTRODUCTION 

In this article, our aim is to examine the 

effects of electron-electron interaction on the 

intrinsic longitudinal dynamic conductivity in 

a two-dimensional magnetic electron gas 

with Rashba spin-orbit interaction. The 

electron-electron interaction is considered 

beyond the random phase approximation, 

within the Hubbard approximation for the 

local field factor. In the clean limit or at high 

frequencies, the intrinsic longitudinal 

conductivity, as well as the intrinsic 

anomalous Hall and spin Hall conductivities, 

are expressed in terms of interacting spin-spin 

response functions[1,2]. 

Hamiltonian and the linear spin-density 

response functions of a two-dimensional 

magnetic electron gas with Rashba spin-orbit 

coupling 

Consider a two-dimensional electron gas 

with Rashba spin-orbit coupling in the 

presence of a perpendicular exchange field. 

Additionally, assume that the electrons 

interact with each other via Coulomb 

interaction. The Hamiltonian for this system 

is provided in reference [1]. The effective 

interaction in the Hubbard approximation for 

systems with spin-orbit interaction is given 

by [1]. 

𝑊𝛼𝛽(𝑞) = 𝑣(𝑞)𝛿𝛼,0𝛿𝛽,0 −
1

2
𝑣𝐻(𝑞)𝛿𝛼,𝛽   (1) 

The screened Coulomb potential in the 

long-wavelength limit is considered as 

𝑣𝐻(𝑞) = 𝑣(√𝑘𝐹
2 + 𝑞2) ≈ 𝑈. In the Hubbard 

approximation, the non-zero elements of the 

spin-density response function matrix 

associated with the longitudinal conductivity 

are given by [1,2]. 

 (2) 
𝜒𝑥𝑥(𝜔) =     

=
[1 +

𝑈
2

𝜒𝑦𝑦
0 (𝜔)] 𝜒𝑦𝑦

0 (𝜔) +
𝑈
2

[𝜒𝑦𝑦
0 (𝜔)]

2

Γ(𝑈, 𝜔)
 

Where 

Γ(𝑈, 𝜔) = [1 +
𝑈

2
𝜒𝑦𝑦

0 (𝜔)]
2

+ [
𝑈

2
𝜒𝑥𝑦

0 (𝜔)]
2

 

Where 𝜒𝐴𝐵 are obtained from the linear 

retarded response function relation [1,2]. The 

non-interacting spin-spin response function 

in the two-band regime has been derived in 

reference [1]. 

LONGITUDINAL CONDUCTIVITY  

Longitudinal conductivity refers to the 

electric current generated in response to a 

homogeneous electric field. Consider a two-

dimensional system in the xy-plane. If an 

electric field E is applied along the x-axis, the 

x-component of the particle current (𝑗𝑥) can 

be obtained from the following relations. 

 

𝑗𝑥(𝜔) = 𝜎𝑥𝑥(𝜔)𝐸𝑥(𝜔)                                     (3) 
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In the above equation, 𝜎𝑥𝑥(𝜔) is the 

dynamic longitudinal Hall conductivity, and 

its value is obtained from the following 

relation [1]. 

 

𝜎𝑥𝑥(𝜔) =
𝑖 𝑒2𝛼𝑅

2

𝜔
 𝜒xx(𝜔)                       (4) 

 

 𝜒xx(𝜔) is, in general, the interacting spin-

spin response function with the, as given in 

Eq. (2). To obtain the non-interacting 

longitudinal conductivity, we substitute the 

non-interacting spin-spin response functions 

into Eq. (4). 

RESULTS  

In this section, we calculate the intrinsic 

dynamic longitudinal conductivity in the two-

band regime. By substituting the interacting 

response function 𝜒𝑥x(𝜔)  into equation (4), 

the intrinsic dynamic longitudinal 

conductivity is given by: 

𝜎𝑥𝑥(𝜔) [
𝑒2

2 𝜋
] =

𝑖

𝜔̅

[−1+𝑢(1+
𝜔̅2+4

8𝜔α̅̅̅ ̅̅ ̅ L(𝜔̅))](1+
𝜔̅2+4

8𝜔α̅̅̅ ̅̅ ̅ L(𝜔̅))

[1−
𝑢

2
(1+

𝜔̅2+4

8𝜔α̅̅̅ ̅̅ ̅ L(𝜔̅))]

2

−
𝑢2

4α̅2[L(𝜔̅)]2

            (5) 

Where the real part of the intrinsic dynamic 

longitudinal conductivity is plotted in Figure 

1.

Fig. 1 Intrinsic dynamic longitudinal conductivity for the 

dimensionless spin-orbit interaction 𝛼̅ = (𝑚𝛼𝑅
2/∆) = 0.4  and 

dimensionless Fermi energy 𝜀𝐹̅ (two-band regime) for different 

values of 𝑢. 

CONCLUSION 

In this article, we studied the intrinsic 

dynamic longitudinal conductivity in a two-

dimensional magnetic electron gas with 

Rashba spin-orbit coupling. We showed that 

an increase in electron-electron interaction 

leads to an increase in the real part of the 

intrinsic dynamic longitudinal conductivity in 

the two-band regime. Additionally, we 

demonstrated that the real part of the intrinsic 

dynamic longitudinal conductivity at non-

zero frequencies exhibits a peak, and this 

peak shifts towards lower frequencies for 

stronger electron-electron interactions 
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Abstract- Biological networks, such as complex metabolic and cellular signaling pathways, are fundamental for 

understanding molecular interactions and advancing fields like personalized medicine, biotechnology, and drug 

discovery. However, the dynamic and nonlinear nature of these networks presents significant challenges for 

conventional modeling techniques. Quantum computing, leveraging principles like superposition and entanglement, 

offers a transformative approach to overcoming these limitations. By employing quantum algorithms such as 

Hamiltonian simulation and Grover's search, quantum tools facilitate precise modeling of molecular interactions, 

metabolic pathways, and genetic mutation effects. This study explores quantum platforms, including Qiskit and D-

Wave Ocean SDK, alongside a comprehensive review of research spanning 1995 to 2020 and data from the Protein 

Data Bank (PDB). Applications investigated encompass mutation impact prediction, protein-ligand interaction studies, 

and optimization of metabolic pathways. These quantum-based methods hold promise for deeper insights into cellular 

processes, accelerated drug development, and enhanced efficiency of biological systems. Despite challenges such as 

algorithmic complexity, computational demands, and hardware limitations, advances in hybrid quantum-classical 

frameworks and emerging technologies offer a path forward. With its capacity for high-precision simulations and 

groundbreaking insights, quantum computing is poised to redefine the fields of biology and biochemistry, paving the 

way for novel scientific breakthroughs. 

Keywords: Quantum computing, Quantum methods, Biology networks 

INTRODUCTION 

Biological networks comprise a complex 

set of metabolic and cellular signaling 

pathways regulating molecular interactions at 

various biological levels. In fundamental 

biological research, a thorough grasp of these 

networks is necessary for applied domains 

including drug development, biotechnology, 

and personalized medicine [1]. Although 

these systems are complex in terms of their 

time-dependent dynamic behaviors and the 

abundance of variables and nonlinear 

interactions, they have become powerful 

computational tools today due to their speed 

of operation. Quantum computing, which 

takes advantage of quantum mechanical 

concepts like superposition and 

entanglement. This technology could 

simulate molecular interactions at the atomic 

level and analyze the dynamic behaviors of 

biological pathways with unprecedented 

precision [2, 3]. It is based on quantum 

algorithms such as Hamiltonian simulation 

and quantum Graver's algorithm is used to 

solve optimization problems and analyze 

complex biological networks. 

Quantum computer modeling of biological 

networks can be used to optimize biological 

pathways for creating biological products, 

identify important locations in molecular 

interactions, and predict the impact of 

mutations [4, 5]. This article examines the 

perspective of that subject and evaluates the 

challenges and potential applications of 

quantum techniques in biological network 

modeling. 

METHODOLOGY 

TOOLS AND DATA SOURCES 

• Research papers published between 1995 

and 2020 in reputable journals. 

• Quantum simulation platforms, such as 

Qiskit and D-Wave Ocean SDK. 

• Structural data from databases, such as 

the Protein Data Bank (PDB), for 

analyzing biological interactions. 

mailto:sanaalizadehrami@gmail.com
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This study is designed as an analytical-

conceptual investigation into the role of 

quantum tools in modeling biological 

networks. The methodology includes the 

following steps: 

A Comprehensive Analysis of 

Scientific Research 

A review was conducted of several 

research works and articles about quantum 

tools in biology and biochemistry networks. 

This review used scholarly databases like 

PubMed, Web of Science, and Google 

Scholar: 

Biological systems are simulated in 

quantum mechanics. 

The application of quantum algorithms to 

the resolution of intricate biological issues. 

Using quantum computers to examine 

genetic mutations' consequences and 

molecular interactions. 

The chosen articles were assessed 

according to their impact on biological 

modeling, inventiveness, and relevance. 

Quantum Algorithm Conceptual Analysis 

At this point, a conceptual examination of 

important quantum algorithms was 

conducted. Among these were:  

Hamiltonian simulation, which models 

biological systems' atomic-level behavior. 

Grover's algorithm: Solving optimization 

problems in biological networks. 

Quantum-classical hybrid algorithms: 

Combining quantum and classical computing 

for modeling. 

Each algorithm's advantages and 

disadvantages in examining molecular 

interactions, biological processes, and the 

consequences of genetic mutations were 

analyzed. 

INVESTIGATION OF CURRENT 

QUANTUM TOOLS AND 

SIMULATIONS 

Practical examples of quantum 

technologies used in previous investigations 

were studied, including: 

a. IBM Quantum Experience. 

b. Google Sycamore. 

c. D-Wave systems. 

These studies demonstrated how quantum 

tools are currently applied in analyzing 

biological networks. 

 

Applied Analysis in Biological Networks 

To gain a deeper understanding of quantum 

computing applications, several applied 

examples in metabolic pathways and cell 

signaling were selected and analyzed: 

Analysis of the glycolysis pathway as a 

complex metabolic pathway. 

Investigation of protein-ligand interactions 

in signaling pathways. 

For these analyses, quantum modeling 

methods were reviewed, and their advantages 

and disadvantages were noted. 

Analysis of Challenges and 

Opportunities 

Challenges in using quantum tools for 

modeling biological networks were 

identified, including hardware limitations, 

computational costs, and algorithm 

complexity. Simultaneously, potential 

improvements in these areas were explored. 

Updated Tools and Data Sources 

Scientific articles published in reputable 

journals between 2015 and 2024. 

Quantum simulation platforms, such as 

Qiskit and D-Wave Ocean SDK. 

Structural data from databases, such as the 

Protein Data Bank (PDB), for analyzing 

biological interactions. 
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RESULTS 

This approach has made it possible to 

thoroughly and methodically investigate the 

potential and constraints of quantum tools for 

biological network modeling. It has also 

made it possible to determine potential 

avenues for future study in this field. 

1. Highly accurate simulation of 

biological processes 
Although it can be challenging to study 

complex biological reactions with 

conventional methods, quantum technologies 

have made it possible to simulate them. 

Simulations on metabolic pathways such as 

glycolysis demonstrate that these methods 

can identify the smallest changes in system 

properties. This capacity can be used to 

improve metabolic pathways for the synthesis 

of biological substances and predict cellular 

responses to environmental alterations [2, 3].  

2. Accurate modeling of molecular 

interactions 

Using quantum algorithms, the structure 

and stability of biological complexes such as 

protein-ligand have been analyzed with 

atomic precision. These modelings have 

increased the ability to identify key 

interaction sites and critical points in cell 

signaling networks, enabling targeted drug 

development [6].  

3. Estimating the consequences of genetic 

alterations  

The potential of quantum techniques to 

accurately forecast mutation-induced 

alterations has been demonstrated through 

modeling genetic mutations and their effects 

on protein structure and metabolic pathway 

activity. Finding mutations linked to disease 

and creating efficient treatments are two areas 

in which this skill is especially helpful [1, 5].  

4. Optimizing mechanisms in biology 

Quantum simulations of constructed 

biological pathways, including those that 

produce ethanol or particular amino acids, 

have demonstrated that by carefully 

adjusting the system parameters, the 

efficiency of these routes may be greatly 

boosted. These accomplishments have a 

direct bearing on the biotechnology sector 

[7, 8]. 

CHALLENGES  

Despite significant advances, there are 

limitations such as the small number of qubits 

available in current hardware and the high 

complexity of the algorithms. However, the 

development of hybrid methods and 

hardware improvements can overcome these 

challenges [8].  

DISCUSSION 

Quantum Tools' Significance in 

Biochemistry Because of their special ability 

to mimic complex systems, quantum 

computers have completely changed our 

understanding of biological systems. It 

enables a more thorough and accurate 

examination of systems than classical 

computing techniques, which necessitate 

large approximations for modeling [9] .  

The drug development process can be 

accelerated by employing these technologies 

to anticipate molecular interactions and 

model biological pathways. Also, the 

simulation of genetic mutations has a special 

application for identifying genetic diseases 

and targeted therapies. These tools also 

enable the design of more efficient biological 

pathways for the production of valuable 

compounds in bioengineering [10] . 

CHALLENGES AND LIMITAIONS 

Quantum technologies are still in their 

early stages of development, and hardware 

limitations, such as the need for very low 

temperatures for operation and the limited 

number of qubits, prevent the simulation of 

very large biological systems. Also, the 

development of suitable algorithms for 

modeling these systems requires further 

research. However, recent advances in the 

development of quantum computers are 
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promising and could reduce these limitations 

[11, 12].  

Prospects In the future, the use of hybrid 

quantum-classical methods and improved 

hardware could expand the applications of 

quantum tools in biochemistry. Also, 

combining machine learning with quantum 

computing could help discover new 

relationships in biological networks.  

CONCLUSION 

Biological networks can be accurately and 

thoroughly modeled thanks to the special 

opportunities presented by quantum 

technology. Significant developments in 

biology and biochemistry may result from 

these tools' exceptional accuracy in modeling 

biological events, forecasting molecular 

interactions, evaluating the consequences of 

genetic mutations, and streamlining 

biological pathways. Notwithstanding the 

current obstacles, advancements in hardware 

and algorithms will clear the way for the 

wide-ranging use of these tools in the 

biological sciences in the future. Leveraging 

these technologies can help design more 

efficient biological processes, discover new 

medications, and get a deeper understanding 

of biological systems. 
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Abstract- Parasitic infections, including malaria, hydatid cysts, leishmaniasis, and schistosomiasis, remain a significant 

cause of mortality and morbidity worldwide. In addition to their severe public health impacts, parasitic diseases impose 

a heavy economic burden on health systems. Control and treatment of zoonotic parasitic infections depend mainly on 

early and accurate diagnosis. Traditional diagnostic techniques, such as microscopic examinations, immunological 

methods, such as enzyme-linked immunosorbent assay (ELISA), and molecular tests, such as polymerase chain 

reaction (PCR), are standard tools for parasite identification. However, these methods are time-consuming and 

expensive and rely on sophisticated equipment; however, their application has many challenges. Nanobiosensors are 

novel devices that use nanotechnology and biology to provide new approaches for rapid and accurate diagnosing 

techniques, and they can detect many biomarkers. Hence, the current review aims to introduce nanobiosensors and 

their types and review their specific applications in diagnosing parasitic diseases. These sensors use the unique 

properties of nanomaterials to detect parasite biomarkers with high sensitivity and accuracy. Nanobiosensors can 

directly detect parasites or their metabolic products, enabling early disease detection. In conclusion, nanobiosensors 

could be essential in controlling and eradicating parasitic diseases. 

Keywords: Nanotechnology, Nanobiosensors, Parasites, Helminth, Protozoa 

INTRODUCTION 

Parasitic diseases, such as malaria, cystic 

echinococcosis (CE), leishmaniasis, and 

schistosomiasis, remain a significant cause of 

mortality and morbidity worldwide. In 

addition to their severe public health impacts, 

parasitic diseases impose a heavy economic 

burden on health systems. Control and 

treatment of parasitic diseases depend mainly 

on early and accurate diagnosis [1]. 

Traditional diagnostic techniques, such as 

microscopic examinations, immunological 

methods, such as enzyme-linked 

immunosorbent assay (ELISA), and 

molecular tests, such as polymerase chain 

reaction (PCR), are standard diagnostic tools 

for parasite identification. However, these 

methods are time-consuming, expensive, and 

require sophisticated equipment. 

Furthermore, in many resource-limited 

settings, such tools are difficult to access [2]. 

Nanobiosensors are novel devices that 

combine nanotechnology and biology to 

provide new approaches for rapid and 

accurate disease diagnosis. They use the 

unique properties of nanomaterials to detect 

parasite biomarkers with high diagnostic and 

analytical performances, such as sensitivity, 

specificity, and accuracy [3]. Nanobiosensors 

can also be used to detect parasites or their 

metabolic products directly. Hence, the 

current review aims to introduce 

nanobiosensors and their tools and review 

their specific applications in diagnosing 

parasitic diseases [4]. 

NANOBIOSENSORS 

Nanobiosensors are advanced devices that 

combine nanomaterials and biological 

elements such as antibodies, DNA, and 

enzymes to detect specific molecules such as 

proteins, parasite DNA, and other biomarkers 

[5]. Nanobiosensors operate in three main 
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steps: first, the target molecule is recognized 

by the biological element, then the signal 

produced is amplified using nanomaterials, 

and finally, the signal is converted into a 

measurable output. 

The most important types of 

nanobiosensors include electrochemical, 

optical, and magnetic sensors [6]. 

Electrochemical nanobiosensors measure 

electrical changes resulting from the 

interaction of the target molecule with the 

biological element and use gold nanoparticles 

and carbon nanotubes to increase sensitivity 

[7]. In contrast, optical nanobiosensors take 

advantage of changes in optical properties 

such as absorption and fluorescence, and 

quantum dots and metal nanoparticles play a 

crucial role in this technology [8]. Magnetic 

nanobiosensors are also designed based on 

the magnetic properties of nanomaterials and 

are used to detect molecules at very low 

concentrations. 

APPLICATION 

Nanobiosensors have provided new 

opportunities for the early detection of 

parasitic diseases. Nanobiosensors have 

numerous applications in diagnosing parasitic 

diseases and can provide a novel and accurate 

solution for rapidly identifying parasites. For 

example, in malaria, researchers developed 

gold nanobiosensors and specific antibodies 

to detect surface proteins of Plasmodium 

falciparum accurately [9]. Regarding CE, 

electrochemical nanobiosensors sensitive to 

the parasite's DNA have detected the genetic 

material of Echinococcus granulosus in body 

fluids [10]. Moreover, optical nanobiosensors 

using quantum dots detect Leishmania-

specific antigens with high sensitivity in 

leishmaniasis [11]. In schistosomiasis, 

magnetic nanobiosensors have also been 

successfully used to detect Schistosoma 

antigens in blood and urine samples, 

improving the accuracy and speed of 

diagnosis [12].  

CONCLUSION 

Nanobiosensors are revolutionary tools for 

rapid and accurate detection of parasitic 

diseases. Nanobiosensors, using advanced 

nanomaterials and biological elements, have 

increased the sensitivity and accuracy of 

diagnostic methods. Although 

nanobiosensors are promising, further 

research on cost, safety, and feasibility for 

widespread use in global health systems is 

needed. In the future, nanobiosensors could 

be an essential support in controlling and 

eradicating parasitic diseases. 

ACKNOWLEDGMENT 

Conceptualization: Abbas Rahdar, 

Sadanand Pandey, Hassan Borji; 

Methodology: All Authors; Writing - original 

draft preparation: All Authors; Writing - 

review and editing: Soheil Sadr, Alireza 

Sazmand, Cinzia Santucciu; Supervision: 

Hassan Borji. We thank the Ferdowsi 

University of Mashhad Research Deputy for 

their support. 

REFERENCES 

Dhahi TS, Dafhalla AKY, Saad SA, Zayan 

DMI, Ahmed AET, Elobaid ME, et al. 

The importance, benefits, and future of 

nanobiosensors for infectious diseases. 

Biotechnology and Applied 

Biochemistry. 2024;71(2):429-45. 

El-Abeid SE, Mosa MA, Boudaden J, 

Ibrahim DS, Attia EM, Shaban WM, et 

al. Nanobiosensors: A powerful 

Technology for Early Detection of 

Plant Parasitic Nematodes. Sensing 

and Imaging. 2024;25(1):23. 

Sadr S, Lotfalizadeh N, Abbasi AM, 

Soleymani N, Hajjafari A, Roohbaksh 

Amooli Moghadam E, et al. 

Challenges and prospective of 

enhancing hydatid cyst chemotherapy 

by nanotechnology and the future of 

nanobiosensors for diagnosis. Tropical 



 

2th Regional Symposium On Innovation In Science And Technology   
 

MEDICAL ENGINEERING 151 

 

medicine and infectious disease. 

2023;8(11):494. 

Anand A, Sharma A. Potential applications of 

nanotechnology in management of 

parasitic diseases.  Nanosensors in 

Healthcare Diagnostics: Elsevier; 

2025. p. 321-54. 

Kerry RG, Ukhurebor KE, Kumari S, Maurya 

GK, Patra S, Panigrahi B, et al. A 

comprehensive review on the 

applications of nano-biosensor-based 

approaches for non-communicable and 

communicable disease detection. 

Biomaterials Science. 

2021;9(10):3576-602. 

Noah NM, Ndangili PM. Current trends of 

nanobiosensors for point‐of‐care 

diagnostics. Journal of Analytical 

Methods in Chemistry. 

2019;2019(1):2179718. 

Huang X, Zhu Y, Kianfar E. Nano 

biosensors: properties, applications 

and electrochemical techniques. 

Journal of Materials Research and 

Technology. 2021;12:1649-72. 

Rather SA, Mustafa RA, Ashraf MV, Hannan 

Khan M, Ahmad S, Wani ZA. 

Implications of Nano-Biosensors in 

the Early Detection of Neuroparasitic 

Diseases.  Theranostic Applications of 

Nanotechnology in Neurological 

Disorders: Springer; 2024. p. 43-83. 

Krampa FD, Aniweh Y, Kanyong P, 

Awandare GA. Recent advances in the 

development of biosensors for malaria 

diagnosis. Sensors. 2020;20(3):799. 

Hajjafari A, Sadr S, Santucciu C, Masala G, 

Bayat M, Lotfalizadeh N, et al. 

Advances in Detecting Cystic 

Echinococcosis in Intermediate Hosts 

and New Diagnostic Tools: A 

Literature Review. Veterinary 

Sciences. 2024;11(6):227. 

Jain S, Santana W, Dolabella SS, Santos AL, 

Souto EB, Severino P. Are 

Nanobiosensors an improved solution 

for diagnosis of leishmania? 

Pharmaceutics. 2021;13(4):491. 

Qadeer A, Ullah H, Sohail M, Safi SZ, Rahim 

A, Saleh TA, et al. Potential 

application of nanotechnology in the 

treatment, diagnosis, and prevention of 

schistosomiasis. Frontiers in 

Bioengineering and Biotechnology. 

2022;10:1013354. 





 

MEDICAL ENGINEERING 153 

 

2.7. CLEAN AND RENEWABLE 

ENERGIES





 

2th Regional Symposium On Innovation In Science And Technology   
 

MEDICAL ENGINEERING 155 

 

Construction of Flexible Supercapacitors from Metal Organic 

Framework Composite Electrode 

S. Ramandi1*, M.H. Entezari2 

1,2 Sonochemical Research Center, Department of Chemistry, Faculty of Science, Ferdowsi University of Mashhad, 

91779 Mashhad, Iran 

*Corresponding author: s_ramandi_01@yahoo.com  

Abstract— Nowadays, constructing hetero-structure materials is an efficacious procedure to uplift the electrochemical 

performance of layered double hydroxide (LDH) materials. The logical design of such elegant nanostructures is still 

challenging. Herein, NiCo-LDH nanosheets derived from Co-ZIF grown on graphene/polyaniline (G/PANI)@cotton 

cloth (CC) was synthesized by a facile and novel two-step strategy for supercapacitors. The electrode material exhibited 

areal specific capacitance of 88.15 mF cm− 2 at a current of 0.3 mA. Long-term stability test demonstrates that 84.05 

% of the original capacitance remains after 10,000 cycles at the current density of 0.2 mA cm− 2. The results indicate 

that NiCo-LDH/G/PANI@CC will be an appropriate candidate for high-performance supercapacitors. The NiCo-

LDH/G/PANI@CC//NiCo-LDH/G/PANI@CC flexible solid-state supercapacitor was assembled with the PVA/KOH 

gel electrolyte. 
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INTRODUCTION 

In recent years, flexible and wearable 

electronic devices such as electronic sensors, 

health monitors, flexible displays, and 

portable, wearable energy storage devices 

have become a remarkable technological 

procedure and proliferated. To achieve quite 

flexible and wear able electronics, suitable 

flexible devices are required with features 

including tiny volume, lightweight, and good 

electrochemical performances, such as 

flexible supercapacitors (SCs) [1-3]. 

EXPERIMENTAL & RESULTS 

Herein, the superiorities of G, PANI, and 

NiCo-LDH were used for synthesizing 

composite containing proper electrochemical 

properties. Firstly, G and PANI were loaded 

on cotton fabric using a simple chemical bath 

deposition (CBD) method. As PANI and G 

deposited on CC, a better compound formed 

between them, which assist the electron 

transportation during the charge/discharge 

process. The NiCo-LDH nanosheets improve 

the stableness of the structure and further 

enhance electrochemical active sites. 

Besides, this approach is low-cost, simple, 

and environmentally friendly. 

To investigate the structural properties of 

the samples, the CC, G/ PANI@CC, and 

NiCo-LDH/G/PANI@CC were first analyzed 

by FESEM. Fig. 1a displays that the pristine 

CC has a 3D fibrous configuration with 

relatively smooth surface. After deposition of 

G/PANI on CC, the fiber surface became 

rough due to the presence of G sheets and 

PANI, as shown in Fig. 1b. It found out that 

PANI was pasted entirely to G, when the CC 

was immersed into the polymerization 

reaction solution of aniline in an ice bath. In 

the second step, the NiCo-LDH nanosheets 

were grown on the surface of the as-prepared 

G/PANI@CC hybrid in which dense NiCo-

LDH nanosheets self-assemble on G and 

PANI from a top view (Fig. 1c, d). Such 

heterostructure could increase ions/ electrons 

transportation. 

 Fig. 2 exhibits the calculated specific 

capacitances (Cs) versus different current of 

the G/PANI@CC and NiCo-

LDH/G/PANI@CC electrodes. The NiCo-

LDH/G/PANI@CC electrode has the highest 

Cs of 88.15 mF cm− 2 at 0.075 mA cm− 2 

current density, which is more than that of 

G/PANI@CC (38.70 mF cm− 2 at 0.075 mA 

cm− 2 current density). 
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Fig. 4 FESEM images of the (a) CC, (b) G/PANI@CC, (c, d) 

NiCo-LDH/G/PANI@CC 

 
Fig. 5 Specific capacitance of the G/PANI and NiCo-LDH/G/PANI 

at different current densities 

The energy density and power density of 

the SC were computed and plotted on the 

Ragone plot (Fig. 3). The as-manufactured 

device can render a maximum energy density 

of 0.082 mWh cm− 3 at a power density of 

11.35 mW cm− 3, and still retains 0.050 mWh 

cm− 3 at a high power density of 18 mW cm3. 

 

Fig.  3 Ragone plot of flexible solid-state 
supercapacitors 

ACKNOWLEDGEMENTS 

This work was supported by Ferdowsi 

University of Mashhad (Code No. 3/52786) 

and Iran National Science Foundation: INSF 

(Code No. 99022290). 

REFERENCES 

Huang, Q., Wang, D., & Zheng, Z. (2016). 

Textile-based electrochemical energy 

storage devices. Advanced Energy 

Materials. 6, 1600783. 

https://doi.org/10.1002/aenm.2016008

13 

Tang, J., Yuan, P., Cai, C., Fu, Y., & Ma, X. 

(2016). Combining nature-inspired, 

graphene-wrapped flexible electrodes 

with nanocomposite polymer 

electrolyte for asymmetric capacitive 

energy storage, Advanced Energy 

Materials. 6, 1600813. 

https://doi.org/10.1002/aenm.2016008

13  

 Yun, T.G., Park, M., Kim, D.-H., Kim, D., 

Cheong, J.Y., Bae, J.G., Han, S.M., & 

Kim, I.-D. (2019). All-transparent 

stretchable electrochromic 

supercapacitor wearable patch device. 

ACS Nano. 13, 3141–3150. 

https://doi.org/10.1021/acsnano.8b085

60 

 

https://doi.org/10.1002/aenm.201600813
https://doi.org/10.1002/aenm.201600813
https://doi.org/10.1002/aenm.201600813
https://doi.org/10.1002/aenm.201600813
https://doi.org/10.1021/acsnano.8b08560
https://doi.org/10.1021/acsnano.8b08560


 

2th Regional Symposium On Innovation In Science And Technology   
 

MEDICAL ENGINEERING 157 

 

Control Strategy Based on a Maximum Power Point Tracking 
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Abstract— In this paper, a hybrid power control concept for grid-connected photovoltaic (PV) inverters is proposed. 

The control strategy is based on a maximum power point tracking control or a constant power generation (CPG) control 

depending on the instantaneous power available from the PV panels. A case study on a single-phase PV inverter under 

annual operation is presented by analyzing thermal load, lifetime, and annual energy efficiency. and also confirmed 

the feasibility and effectiveness of the proposed control concept. 
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INTRODUCTION 

Maximum power point tracking (MPPT) is 

effective for photovoltaic (PV) inverters to 

maximize the energy harvested from PV 

panels [1]. However, with increasing 

installations of PV systems into the grid, the 

following issues appear if the inverters keep 

operation at MPPT mode even within the 

rated power range: 1) overloading of the grid 

at peak power generation [2] which may 

induce system level over voltage and line 

frequency instability [3]; The proposed 

Maximum power point tracking-constant 

power generation control concept allows a 

reduction of required power ratings of PV 

inverters and also a reduction of junction 

temperature peaks and variations on the 

power devices (i.e., an extended lifetime [4], 

[5], [6]). Meanwhile, it could contribute to the 

system level power management to some 

extent, due to its role in smoothing and 

limiting the power fed into the grid. The 

concept, implementation, feasibility and 

effectiveness of the control strategy are 

discussed below. 

PROPOSED HYBRID POWER 

CONTROL CONCEPT 

The single-phase two-stage configuration is 

preferable for residential PV applications [1]. 

The control structure of a two-stage single-phase 

PV system with the proposed control concept is 

shown in Fig. 1, which indicates that the hybrid 

control strategy is implemented in the control of 

the boost stage. As the available PV power is 

weather-dependent, the operation modes will 

alter accordingly with the solar irradiance and 

ambient temperature. Fig. 2 exemplifies different 

operation regions for a single-phase PV system 

during a day with the proposed control strategy. 

According to Figs. 1 and 2, and (1), the 

operation principle of the proposed hybrid 

MPPT-CPG control can be described as follows. 

When PPV(t) ≥ Plimit, the system enters 

into CPG operation mode and the MPPT 

control is deactivated. Perturb and Observe 

(P&O) and incremental conductance methods 

[7], [8]. The third one is applied in this study 

by using Plimit as a power reference since it 

is relatively simple. It is worthwhile 

investigating the dynamic performance of 

different implementation methods, which is 

beyond the scope of this letter and is 

considered as a further in-depth study. 

 

Fig. 1. Schematic and control diagram of a two-stage single-phase 

PV system with the proposed hybrid control concept. 
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Fig. 2. Operation regions (I, III, V - MPPT; II, IV - CPG) for a 

single phase PV system during a day with the proposed control 

concept, where Plim it is determined by the tradeoffs among the 

device thermal performance, the inverter utilization factor, and the 

annual energy yield [13]. 

OPERATION EXAMPLES 

To illustrate the effectiveness of the 

proposed hybrid control concept, simulations 

of a 3-kW two-stage single-phase PV system 

are carried out referring to Fig. 1. The system 

consists of three PV strings (15 panels of 

each). The parameters of the system are listed 

in Table 1. The P&O MPPT control method 

is adopted in the MPPT operation mode [12]. 

In both operation modes, the dc-link voltage 

is regulated within 400 ± 5 V to ensure the 

power injection, and the proposed power 

control is adopted according to Figs. The 

benefit of lifetime extension by the proposed 

control concept has been demonstrated in Fig. 

3, where the energy yield and reliability 

improvement under different power 

limitations Plimit are presented. The power 

limit Plimit can be selected according to Fig. 

3 when considering the energy yield and 

lifetime extension. Fig. 4 shows the 

experimental results of the efficiency of a 

single-phase PV inverter and the case 

temperature of the power devices under 

different power levels. It can be observed in 

Fig. 4 that the efficiency of the PV inverter 

varies with the dc input power (i.e. the PV 

output power) and also the case temperature 

of the power devices. When the input power 

is kept constant (e.g., 2.4 kW of Point A and 

Point B), the case temperature is increased 

from 51 ◦C to 52 ◦C, while the efficiency is 

also increased from 93.20 % to 94.19 %. 

TABLE 1: PARAMETERS OF THE 3 KWTWO-STAGE 

SINGLE-PHASE PV SYSTEM 

Parameter Value 

PV panels rated power Pn = 2925 W 

Boost converter inductor L = 5 mH 

DC-link capacitor Cd c = 2200 μF 

LCL-filter 
L1 = 2 mH, L2 = 3 mH, Cf 

= 4.7 μF 

Switching frequencies for boost 

stage and inverter 
fboost = finv = 10 kHz 

Grid nominal voltage (RMS) Vg = 230 V 

Grid nominal frequency ω0 = 2π × 50 rad/s 

 

Fig. 3. Energy yield of the PV inverter and normalized lifetime of 

the power device in the PV inverter with the proposed control 

concept. 

 

Fig. 4. Experimental results (inverter conversion efficiency and 

case temperature of the power devices) of a grid-connected single-

phase PV inverter under different input power levels. 

CONCLUSION 

The proposed control strategy allows for 

increasing the utilization factor of PV 

inverters and reducing temperature variations 

in power devices. This advantage is 

particularly important for increasing PV 

installations with existing grid infrastructure 

under high PV penetration rates in the future. 

The mentioned advantages are not 

compromised by the energy losses due to the 

proposed control and allow for the optimal 

selection of the power control limit 
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depending on specific mission profiles. In the 

case of the study of a single-phase PV 

inverter, the power limit is chosen as 80% of 

the maximum feed power of the PV panels, 

which corresponds to a reduction in energy 

efficiency of 6.23% under a specific annual 

mission profile. 
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Abstract— This paper proposes a control scheme to estimate the operating cost of a grid-connected micro grid 

supplemented by a battery energy storage system. By modelling battery degradation as a function of discharge depth 

and discharge rate and converting the incremental capacity loss per cycle into the associated cost, the objective function 

is defined and solved using GAMS. Simulation results are presented to verify the proposed approach. that the proposed 

optimization scheme can easily manage the DG units in a way that reduces the operation cost and meets the constraints 

and objectives of the existing system. 
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INTRODUCTION 

With technological improvements in 

battery energy storage systems and 

proliferation of renewable energy sources 

such as photovoltaic panels and wind 

turbines, concept of micro grid began to be 

conceived as a kind of energy hub which can 

efficiently aggregate these units and show 

itself as a unitary whole [1]- [2]. The 

optimization problem presented in next 

section is solved in centralized fashion. One 

option is to apply this optimal strategy to 

tertiary layer of a classical MG hierarchical 

control system and interface to lower layers 

via low bandwidth digital communication 

technology [3]. 

SYSTEM DESCRIPTION 

Block diagram of a DC micro-grid that is 

operated in grid connected mode is shown in 

Fig. 1. It is comprised of RESs such as PV 

panels, WTs, battery ESS and grid 

connection. Power flows between the MG 

and each of the respective components is 

regulated via power electronics interface. 

RESs are operated in Maximum Power Point 

Tracking (MPPT) mode and loads are 

considered to be uncontrollable. In this paper, 

higher level control of a grid-connected DC 

MG with aforementioned architecture is 

proposed. For that matter, issues such as 

primary voltage and current control, as well 

as stability are not taken into account and 

system is assumed to be well tuned. 

Incorporation of strategy developed here into 

a complete solution that considers both local 

and coordinated control functionalities is a 

subject of present investigation. 

Fig. 1. Schematic layout of a generic DC micro grid. 

COMPUTER SIMULATIONS 

In this section, the simulation results are 

presented to show the performance of the 

proposed scheme in operation management 

of a typical DC micro-grid. In this regard, a 

residential MG with a given load profile, as 

shown in Fig. 2, is considered as the case 

study. In the same figure the real time utility 

electricity prices (RTP) are plotted for the 

examined period. To simulate DGs in the 

analysis, a Morphic SWT20 type with 20 kW 

rated power at a wind speed of 9 m/s is used 

as a WT model in the proposed residential 

MG. The mentioned system is a direct driven, 

variable speed, pitch controlled WT whose 

mailto:mohammadrezamohammadiyan28@yahoo.com
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related parameters are adopted from [4]. 

Likewise, Hyundai mono-crystalline solar 

module with a rated power of 0.25 kW is 

applied as the building block of the PV 

system [5]. In the computer simulation, the 

storage device is also modelled based on 

NiCd battery pack considering the 

specifications expressed in Table 1. Other 

environmental conditions such as hourly 

temperature, wind speed and solar radiation 

at the studied place are tabulated in Table 2. 

It should be mentioned that all of the 

algorithms and simulations are carried out on 

a PC with an Intel i5-2430M chip running 

Windows 7(64 bit) with GAMS and 

Cplex/Dicopt solvers. The simulation results 

for the MG operation management and BESS 

optimal performance are shown in Fig. 3 and 

Fig. 4, respectively. As it can be seen in Fig. 

3, during some periods of time when the real 

time electricity prices and the amount of 

power from renewable energy sources 

(RESs) are relatively low, most of the 

residential load is supplied by the utility; and 

the charging process of the battery is done 

with lower costs. With the growth of demand 

and bids of the utility during the other hours 

of the day, the BESS, not only generate 

electricity in a cost effective way to meet the 

load, but also sell the surplus of energy to the 

utility and make profits. Moreover, as 

observed from Fig. 4 with high penetration of 

renewables into the MG environment during 

the midday and in the afternoon, the 

discharge of BESS is stopped due to the 

degradation cost of batteries and the load is 

supplied by RESs. 

Fig. 2. Residential demand and RTP profiles 

Fig. 3. Optimal operation of micro gird 

 

 
Fig. 4. Marginal costs of battery operation at discharge cycles 

TABLE 1. BESS SPECIFICATIONS [14] 

Parameters Value Unit 

Battery Pack Data 

PBatt,ch, PBatt,dch 33,33 kW 

SOCmin,SOCmax 20,80 % 

ηch, ηdch 87,90 % 

Cell Information 

Nominal capacity (CR) 85 Ah 

Nominal charge life 

(ΓR) 
175000 Ah 

Rated voltage 230 V 

TABLE 2. METEOROLOGICAL DATA 
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CONCLUSION 

In this paper, an optimization scheme has 

been proposed for energy scheduling in a 

residential grid-connected micro-grid (MG) 

supplemented by battery energy storage 

system. cycle life and capacity data 

commonly available from battery 

manufacturers. It has been also demonstrated 

through computer simulations that the 

proposed optimization scheme could easily 

manage DG units in a way to reduce the cost 

of operation and meet available system 

constraints and objectives. 
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Abstract— This paper presents the implementation and testing of the Digital Visual Interface (DVI) protocol on the 

ML605 FPGA hardware. The goal was to create a DVI transmitter capable of converting VGA output to DVI pinouts 

while adhering to protocol standards. Using VHDL and the Xilinx Virtex-6 architecture, the system successfully met 

DVI specifications and demonstrated its applicability in displaying outputs from neural networks and image processing 

tasks. 

Keyword: ML605 Field-Programmable Gate Array, Digital Visual Interface, Neural networks, Image Processing 

INTRODUCTION 

The Digital Visual Interface (DVI) 

protocol is widely used for transmitting 

digital video signals. FPGAs, like the ML605 

with the Xilinx Virtex-6 architecture, offer a 

versatile platform for implementing such 

protocols. Displaying neural network and 

image processing outputs on monitors 

requires precise synchronization of pixel data 

and clock signals, a task well-suited for 

FPGA-based systems. 

In recent years, FPGAs have gained 

attention for their ability to implement deep 

learning algorithms efficiently, combining 

low power consumption with real -time 

processing capabilities. This paper addresses 

the challenge of integrating a DVI transmitter 

to display neural network outputs accurately. 

The structure of this paper is organized as 

follows: Section 2 introduces relevant studies 

addressing the topic. The proposed method 

architecture is presented in Section 3. The 

experimental results are provided in Section 

4. Finally, the conclusions are presented in 

Section 5. 

RELATED WORK 

The development of hardware 

implementations of neural networks and 

image processing systems on FPGA 

platforms has significantly advanced, 

particularly with the integration of DVI 

protocols for efficient output display. 

Paper [1] demonstrated the effective use of 

FPGAs for neural network deployment, 

specifically YOLO-tiny, using the DVI 

protocol for video output. The work 

highlighted the advantages of hardware-

software codesign in achieving real-time 

video processing. Similarly, paper [2] 

employed lightweight neural networks on 

FPGAs for citrus fruit sorting, showcasing 

the com- bination of neural network inference 

and DVI-based display mechanisms. These 

approaches align with the broader design 

principles for embedded image processing on 

FPGA platforms discussed in [3], which 

emphasizes efficient interfacing for real-time 

applications. 

The DVI protocol’s utility in healthcare 

monitoring systems was explored in [4]. This 

work implemented convolutional neural 

network (CNN) architectures for contactless 

epidemic prevention, leveraging FPGA- 

embedded DVI Transmitter IP cores for 

efficient image processing and recognition. 

Comparable results were achieved in [5], 

which developed memory-efficient FPGA 

designs for real-time motion detection using 

a similar DVI interface for video output. Such 

advancements are consistent with the signal 

integrity optimization techniques reviewed in 

[6], where high- speed interconnect protocols 

like DVI were analysed for efficient data 

transmission in FPGA systems. 

In the field of video analytics, paper [7] 

proposed an FPGA-based system for smart 

sports monitoring. Their integration of CNNs 

with DVI-supported output significantly 
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improved object recognition and real-time 

analytics for hockey games. Meanwhile, [8] 

investigated edge artificial intelligence, 

employing FPGA implementations of 

oscillatory neural networks with DVI support 

for displaying AI-powered edge analytics. 

These studies resonate with [3], which covers 

advanced FPGA design techniques for real-

time multimedia applications. 

The application of neural networks in 

industrial automation has also been well-

documented. Paper [9] implemented image 

processing blocks on FPGA platforms, 

integrating feedforward neural networks for 

real-time bottle classification. This work 

aligns with [10], which utilized memristor-

induced fractional-order neural networks on 

FPGAs for image encryption, combining 

high-speed processing with secure output via 

the DVI interface. 

Additionally, [11] examined the integration 

of DVI and VGA interfaces with FPGA 

systems for video enhancement. Their work 

employed convolutional neural networks for 

multimedia processing, underlining the 

versatility of FPGAs in handling various 

output standards. Further advancements in 

multimedia applications were demonstrated 

in [12], which utilized feedforward neural 

networks for image processing and efficient 

DVI display. These findings complement the 

statistical methodologies discussed in [6], 

particularly in terms of improving signal 

integrity for multimedia outputs. 

PROPOSED METHOD 

The implementation of the DVI protocol 

involved the following key aspects: 

• Clock Domain Crossing (CDC): 

Synchronizing multiple clock 

frequencies (pixel, character, and 

timing signals). 

• Timing Signal Generation: Producing 

pixel clock, horizontal/vertical sync, 

and data enable signals to meet DVI 

specifications. 

• Neural Network Output Display: 

Visualizing processed neural network 

outputs, such as class probabilities or 

heatmaps, on a monitor using the 

DVI interface. 

 

DVI SIGMAL CONVERSION 

Pixel data (RGB values), synchronization 

signals (HSYNC, VSYNC), and a clock 

signal (DVI_CLK) ensure accurate rendering 

of images on an LCD. The FPGA-generated 

signals align pixel data with the display’s grid 

structure. 

 

VERILOG IMPLEMENTATION 

The system comprises modules for clock 

generation, display timing, and neural 

network output visualization: 

• Clock Module: Generates pixel clock 

signals for synchronization. 

• Timing Module: Produces sync 

signals and pixel positions (sx, sy) 

for rendering. 

• AI Model Module: Maps neural 

network out- puts to RGB pixel 

values for display. 

A User Constraints File (UCF) was used to 

assign FPGA pins to DVI signals, ensuring 

correct routing and functionality. 

EXPERIMENTAL RESULT 

The implementation successfully met DVI 

protocol standards, supporting resolutions up 

to 1920x1080 at 60 Hz. Key findings include: 

• Precise synchronization with no 

visible distortion. 

• High-resolution video output, 

capable of rendering neural network 

results in real time. 

• Efficient resource utilization, 

allowing additional FPGA tasks. 

The results validated the feasibility of using 

the ML605 FPGA for real-time visualization 

of neural network and image processing 

outputs has been shown in Fig. 1. 
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Fig. 1 Neural network output visualization during the testing phase. 

The width of the colour bar represents the probability of the most 

likely class. 

CONCLUSION 

This work demonstrates the ML605 

FPGA’s capability to implement the DVI 

protocol for displaying neural network 

outputs and image processing tasks. The 

system provides real-time feedback, enabling 

better validation and interaction in embedded 

applications. 

Future work includes optimizing for higher 

resolutions, exploring additional video 

protocols, and integrating more complex 

neural networks. The results validate FPGAs 

as powerful platforms for intelligent, real-

time systems in embedded applications. 
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Abstract - Blockchain's decentralization, security, and transparency make it capable of revolutionizing many industries, 

particularly in healthcare. Our proposed system leverages the inherent features of blockchain to establish a tamper-

resistant and transparent framework for storing medical records. We uniquely identify each patient and assign them an 

individualized ID number, which serves as a secure password for accessing and managing their medical records. The 

topic delves into an effective method of safeguarding a patient's information using blockchain technology and AES 

encryption. The used strategy involves acquiring data in the form of CSV, encrypting it using AES, and then storing it 

on the blockchain . 

Keywords: Blockchain, Security, AES encryption. 

INTRODUCTION 

Health data is one of the most important 

and sensitive types of data, making it a prime 

target for cyber-attacks. Given the 

importance of this data, the need for a multi-

dimensional approach that combines strong 

encryption, and secure storage has become 

essential [1]. 

By combining blockchain technology and 

encryption, we can achieve high security and 

trust in health data management. This 

research aims to discover the balance of 

encrypting and securely storing medical data, 

both visual and textual, in a blockchain 

network. 

PROPOSED METHODOLOGY 

The given methodology starts with the data 

collection which includes the data in the CSV 

format and the image data. These datasets 

contain different patient information, such as 

SOL, sensors, medical images, and patient 

history. To improve the security of this type 

of information, the data is encrypted using 

AES before it is added to the blockchain. This 

encryption step is applied to ensure that only 

allowed users can access the data and 

therefore keep it secret[2]. 

The encrypted data is then integrated into 

the blockchain and becomes part of a block. 

Each block in the blockchain contains a set of 

encrypted patient records, leveraging the 

blockchain's characteristics of immutability 

and distributed data storage[3]. This 

integration ensures that the data remains 

tamper-proof and that the database securely 

stores patients' records. 

There is a way that only authorized users 

can access the data stored in the blockchain. 

The encrypted data is decrypted through the 

AES decryption process to retrieve the 

original patient records but in a highly secure 

manner. This retrieval and decryption process 

helps to maintain the data in the database 

accessible to authorized users but at the same 

time protects it from people who have no 

permission to access the information. 

https://orcid.org/0000-0002-6133-494X
mailto:zainab.abdalwahid@uobasrah.edu.iq
mailto:maalim.aljabery@uobasrah.edu.iq


 

2th Regional Symposium On Innovation In Science And Technology   
 

170 MEDICAL ENGINEERING 

 

The entire process starting from collection, 

going through the encryption, blockchain, 

and finally, retrieval and decryption is 

depicted in Fig. 1. 

Fig. 1: Proposed Scheme 

Blockchain Structure 

This methodology's blockchain framework 

is designed for the secure storage and sharing 

of patient data. The blockchain commences 

with a genesis block, which serves as the 

foundational block in the chain; no other 

block can precede it. In the blockchain 

framework, a block consists of a collection of 

transactions; here, we encrypt the patient's 

records. From end to end, these blocks 

sequentially connect and remain immutable. 

Each block generates a distinct hash value, 

serving as its fingerprint. We apply a hash 

function to this block to ensure that any 

alterations will be visible in the hash value. 

The hash is the SHA-256 of a string 

representation of all block data, omitting the 

prior block's hash; hence, to obtain a block's 

hash, one converts all block data into a string 

and applies the SHA-256 hashing method. 

Similarly, the sequence preserves the hash of 

the previous block, giving the blocks a chain-

like appearance. 

The distributed ledger employs proof of 

work to ensure its high security. This entails 

locating a nonce that, when combined with 

the block's data, generates a hash that satisfies 

a specific condition, such as commencing 

with zeros. The complexity of this condition 

closely correlates with the level of security 

and computational intensity. 

Hash (Block) = SHA − 256(Block Data + 

Nonce)                            

(2). 

FLASK FRAMEWORK AND 

TOOLS 

To meet the needs of a web interface, we 

used Flask, a lightweight Python web 

application framework, for the core backend, 

which includes web requests, HTML 

template generation, and routes for a 

blockchain-based healthcare management 

system.  

Flask offers two primary tools for web 

development, one of which is the app. At its 

core, the `route()` function maps specific 

URLs of tasks that serve as responses to web 

page requests[4]. This function allows the 

creation of routes that interact with the 

blockchain, enabling the addition of new 

patient data, viewing current records, and 

navigation through the relevant  

sections of the blockchain structure. The 

`render template () ` function is also 

employed to dynamically display HTML 

pages, passing patient records or blockchain 

data to the front end, where this information 

is presented in a readable format. 

This framework facilitates the management 

of data files and image uploads. For instance, 

the web interface allows users to upload 

patient images upon request. The secure 

filename function in the file’s utility 

guarantees the safe storage of uploaded files, 

filtering their names to avert security risks. 

Thus, you can send images to a website that 

links with patient data in a blockchain, 

securely storing and retrieving text- and 

image-based medical records. 

The handy feature Flask gives us is 

jsonify(), which transforms Python 

dictionaries into the JavaScript Object 

Notation format[5]. This is useful when 

developing APIs for blockchain data, as it 

allows users to access a single endpoint, such 

as the JSON endpoint, for comprehensive 

information about the blockchain. 
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Downstream systems or frontend applications 

can then ingest JSON in a structured, human-

readable manner for the blockchain's records. 

The system incorporates Jinja2, a 

renowned templating engine, to create 

responsive pages with a straightforward 

syntax that prevents code duplication[4]. This 

feature allows the direct injection of patient 

data and other blockchain-specific 

information into the webpage in real time.  

During development, we used debug mode 

to provide real-time error messages and 

enable live application reloading. This feature 

is crucial for identifying issues promptly and 

supports rapid iterations in web application 

development. Flask's robust debugging 

capabilities facilitated efficient application 

iterations. 

Fig.  indicates 5 layouts of the home page 

of a “Patient Blockchain Interface” web 

application. This creates numerous ways to 

input or access patient data safely through a 

Blockchain space whilst using the interface. 

It is subdivided into five main buttons, each 

providing the user with certain features.  

 

 
Fig. 2: home interface 

 

Fig. is a form from a web application for 

managing patient information. 

Fig. 3 shows the web page for patient 

details and blockchain-related patient data is 

displayed and recorded securely. 

 
Fig. 3: Patient information 

 
Fig. 4: Adding patient to blockchain according to his ID 

COMPARISON WITH RELATED 

WORKS  

Previous studies, such as those employing 

RSA encryption or hybrid schemes like 

Elliptic Curve Cryptography (ECC), have 

reported significant increases in execution 

time and computational overhead by as much 

as 75% in the case of RSA and 55% with 

ECC, as noted in [6]. In contrast, adopting 

AES encryption achieves markedly faster 

execution times while maintaining robust 

security standards. 

Furthermore, whereas prior research has 

focused on securing textual or image data, our 

method provides comprehensive protection 

across both data types through a unified 

encryption framework.  

In summary, our system enhances data 

confidentiality and integrity while providing 

a more efficient solution that balances 

security with processing speed and is well-
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suited for deployment in large-scale 

healthcare environments. 

CONCLUSION 

To that end, its methodology regarding data 

acquisition and general workflow comprises 

the following steps: Gather text data in CSV 

format and image data, then encrypt them 

using AES and store them on the blockchain, 

by pursuing this methodology, and using a 

clear and easy-to-use framework like Flask 

the safety of the patient’s data is achieved 

while at the same time ensuring the 

performance of this application at various 

levels. The features of AES are optimal for 

serving as the encryption method while 

providing maximal data protection without 

severely conflicting with the processing 

speed.  
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Abstract _ One of the most important factors in pager explosions in Lebanon is lithium-ion batteries . Due to their high 

energy density, light weight, and long durability, these batteries are used as one of the most advanced energy storage 

technologies in various industries such as electronics, electric vehicles, and aviation. Although these batteries play a 

key role in the development of sustainable technologies, they face safety challenges, particularly thermal runaway. 

This article discusses vulnerabilities, threats, and cyberattacks on battery management systems and countermeasures. 

Keywords: Lithium-ion battery, Lebanon explosion, thermal runaway, malicious code 

INTRODUCTION 

Lithium-ion batteries used in pagers typically 

have capacities ranging from 300 to 1000 

milliampere-hours, physical dimensions of 

approximately 30 to 50 millimeters in length 

and 5 to 15 millimeters in thickness, and a 

voltage of around 3.7 volts. These batteries, 

due to their high energy density and advanced 

performance, have become one of the most 

widely used energy storage technologies. 

However, these advantages are accompanied 

by serious safety challenges. 

Thermal runaway, as one of the main causes 

of fires and explosions, occurs when a battery 

is subjected to factors such as overcharging, 

excessive heat, or a short circuit. 

Additionally, structural failure or improper 

management can trigger dangerous chain 

reactions that lead to the complete destruction 

of the battery and cause damage. The 

increasing complexity of battery management 

systems and remote data communications has 

increased the level of vulnerability of these 

systems.  

Figure 1 illustrates the cyber-physical battery 

system and its potential cybersecurity 

vulnerabilities [1]. 

 
 

Fig. 1 Overall system architecture of a cyber-physical battery system and demonstration of potential cybersecurity vulnerabilities [1] 
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A short circuit in the battery causes a very 

high current, which can lead to rapid heating 

of the battery and a fire or explosion. Possible 

causes of a short circuit include physical 

damage, internal circuit failure, changes in 

external circuitry, and RF software attacks, 

where the attacker sends specific signals 

containing malicious commands to the 

pagers. Voltage Spike Attacks occur when an 

attacker uses malicious code to force a device 

to receive a voltage higher than normal. 

Overload Attacks, in which an attacker 

forces the system to perform tasks beyond its 

capabilities through software, are two types 

of technical attacks that can cause lithium-ion 

batteries to overheat or even explode.  

The paper [2] examines the technological 

aspects of pager explosions in Lebanon from 

various perspectives, discussing cyber-

physical attacks and the role of explosives in 

the same paper, as well as the security 

challenges and threats faced by the targeted 

pagers in Lebanon. Countermeasures to these 

threats are explored in [3]. 

Other parts of the article are included in 

sections 2. Lithium-ion battery 

vulnerabilities, 3. Cybersecurity threats and 

attacks in lithium-ion battery systems, and 4. 

Solutions to counter security threats to 

lithium-ion batteries. 

LITHIUM-ION BATTERY 

VULNERABILITIES 

Thermal management and controlling the 

thermal behavior of batteries are critical 

factors in their safety and performance. 

Thermal management and controlling the 

thermal behavior of batteries are crucial 

aspects of their safety and performance. 

In the paper [4], issues such as overload, 

excessive discharge, and overheating are 

identified as the causes of "thermal runaway," 

which can lead to fires or explosions.  

The paper [5] discusses thermal runaway, 

where the temperature rises rapidly and 

uncontrollably, causing the degradation of 

internal materials, short circuits, fires, and 

explosions. It emphasizes the importance of 

thermal management.  

Papers [6, 7] points out the explosion risks 

caused by gases released due to thermal 

runaway in these batteries, where even small 

amounts of these gases can create serious 

explosion hazards, especially in confined 

spaces. 

In [8], potential explosion risks are 

discussed considering arc faults and thermal 

runaway behaviour in batteries. 

CYBERSECURITY THREATS AND 

ATTACKS IN LITHIUM-ION 

BATTERY SYSTEMS 

The vulnerabilities and threats to lithium-

ion batteries have been analyzed in numerous 

studies. In paper [1], data manipulation 

attacks on the battery management system 

and SQL Injection attacks, which can lead to 

battery overheating or even explosions, are 

discussed. In the article [9], it describes 

methods such as network intrusion, 

unauthorized access attacks, virus and 

malware-based attacks, data modification 

attacks, remote attacks, attacks using 

malicious software updates, Command 

Injection Attack, attacks based on hardware 

flaws that lead to the injection of malicious 

commands and cause batteries to be damaged 

or explode.  

[10] Refers to cyberattacks such as 

Command Injection Attack, MITM Attacks, 

DOS Attacks, and unauthorized hardware 

access attacks that can lead to manipulation 

of algorithms, control signals, or battery 

sensor data, resulting in battery destruction or 

even fire.  

In [11], the vulnerabilities of lithium-ion 

batteries to Deception Attacks are examined. 

These attacks can easily manipulate 

measured data, leading to significant errors in 

estimating the battery's state of charge. 

Papers [12, 13] address the vulnerabilities 

that allow cyberattacks to infiltrate the 

management systems of these batteries.  
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In paper [14], the vulnerabilities of Digital 

Twin-based lithium-ion battery monitoring 

systems are discussed, where timestamp 

attacks can disrupt the temporal order of 

battery data and damage the accuracy of state-

of-charge predictions.  

In [15], attacks such as MITM (Man-in-

the-Middle) and techniques like Spoofing are 

discussed, which aim to access information 

during transmission. In [16, 17], attacks that 

can lead to service disruption such as DDoS 

and other attacks are discussed. 

 COUNTERMEASURES TO 

SECURITY THREATS IN 

LITHIUM-ION BATTERIES 

To counter cybersecurity and security 

threats related to lithium-ion batteries, it is 

essential to adopt appropriate solutions to 

maintain the security of these systems.  

In the paper [1], to prevent unauthorized 

access, data encryption, the use of secure 

SQL parameters, user accounts with limited 

access, and non-disclosure of database errors 

are examined.  

In the paper [10], machine learning and 

artificial intelligence algorithms for 

identifying anomalies in battery data, 

encryption of wireless communications, use 

of firewalls, use of standard security 

protocols such as TLS for secure 

communications, use of strong encryption 

algorithms, and multi-factor authentication 

for access to battery control systems are 

considered as solutions to prevent cyber 

threats. It also states that monitoring and alert 

systems should continuously track the 

performance of batteries so that corrective 

actions can be taken promptly in the event of 

any abnormal activity or cyberattack. 

Furthermore, battery management software 

should be regularly updated to prevent new 

vulnerabilities.  

 In paper [9], intrusion detection 

systems, multi-factor authentication, data 

encryption, and security models such as 

Chain-of-Trust are introduced as key 

solutions to strengthen protection against 

attacks. It also highlights the use of hardware 

encryption functions to prevent unauthorized 

access to encryption keys and sensitive 

information, particularly at the software 

level. Additionally, the inclusion of a secure 

recovery mode to handle attacks and security 

failures during issues, as well as the use of 

security standards like MACsec for network 

communications, are recommended as 

essential measures to maintain the security of 

lithium-ion battery systems against 

cybersecurity threats.  

In paper [11], the ARFOEKF method is 

proposed to counter Deception Attacks. This 

method can minimize estimation errors 

against such attacks and maintain the 

accuracy of SOC (State of Charge) estimation 

under attack conditions. 

COCLUSION 

Despite their unparalleled advantages, 

lithium-ion batteries face significant 

challenges such as thermal runaway, short 

circuits, excessive heat, structural failures, 

vulnerabilities to safety threats, and 

cyberattacks, including remote malicious 

commands, which can lead to overheating or 

explosions. The use of solutions such as 

strong encryption, multi-factor 

authentication, regular software updates, and 

intelligent monitoring systems can be 

effective in mitigating these threats. Finally, 

the security of lithium-ion batteries must be 

strengthened through a comprehensive 

approach, covering hardware, software, and 

communication networks, to prevent the risks 

associated with explosions. 
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Abstract -The invasion of alien plant species poses a significant global threat to biodiversity, exacerbated by climate 

change. Pakistan is particularly vulnerable to the rapid spread of Prosopis juliflora, introduced in 1857 during the 

unpartitioned Indian subcontinent. This species thrives in harsh environmental conditions without ecological 

competition, making Pakistan’s coastal regions, especially Karachi, highly susceptible to its invasion. Climate change 

has further accelerated this process. Despite its ecological and environmental impact, limited studies have assessed its 

invasion or predicted its future spread under changing climatic conditions. This research evaluates Prosopis juliflora's 

habitat suitability in Karachi using three pseudo-absence methods (Random, Buffer, and Cluster) within the Google 

Earth Engine's machine learning framework. It integrates multisource environmental data, including bioclimatic, Terra 

Climate, topographical, and vegetation indices. Results indicate that the clustering approach, based on environmental 

profiling, yields the most accurate predictions, with high AUC-ROC (0.942), AUC-PR (0.871), sensitivity (0.887), 

specificity (0.992), and Kappa (0.80). Future climate scenarios reveal ssp245 predicts the highest distribution 

probability (49%), followed by ssp585 (47.7%). The findings highlight the urgency of managing Prosopis juliflora’s 

spread in coastal Pakistan to mitigate its impact under present and future climate conditions. 

Keywords: Species Distribution Modelling, invasive plants, Google Earth Engine, Gradient Boosting Regression 

INTRODUCTION 

Climate change along with human caused 

activities have brought significant changes in 

ecological perspectives [1]. One of the most 

important effects of anthropogenic activities 

is assessed through the diffusion of invasive 

species in the environment. Investigating the 

niche or habitat suitability of invasive species 

is substantial to understand the ecosystem 

response towards climate [2]. 

The main objectives of the research 

include 1) to predict the habitat suitability of 

P. juliflora employing and testing machine 

learning algorithms in open-source geospatial 

cloud computing platform of Google Earth 

Engine (GEE). 2) to test the predictive 

performance of three pseudoabsence methods 

(random, cluster, and buffer) for the habitat 

suitability of P.  

juliflora in present and future (ssp245 and ssp 

585) climatic scenarios. 

METHODOLOGY 

Currently, the incidence points of the P. 

juliflora were collected from the densely 

populated metropolitan Coastal Division of 

Pakistan, i.e., Karachi. As our survey data 

was comprised of only presence points of P. 

juliflora along the coastal region of Pakistan. 

Therefore, we aimed to model the climatic 

suitability of P. juliflora occurrence using 

three different methods of pseudoabsence 

generation as suggested by Crego, Stabach 

and Connette [53]. These include a) Random 

method of pseudoabsence generation across 

the whole study area, b) Buffering method 

with limiting random pseudoabsence at a 

specified distance (3000 metres currently) 

around presence point, c) clustering on 

selected predictors method deals with 

identifying the environmentally dissimilar 

areas of the presence points.  
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RESULT 

The selected variables for distribution 

modelling of P. juliflora were based on the 

local environmental traits and different trials 

of best performance and less correlation 

among them. A threshold of (r <0.75) was 

selected to avoid the collinearity among 

variables. The Spearman’s correlation test 

was implemented before the running the 

models revealing a low to moderate 

correlation among bioclimate, 

environmental, and other remote sensing 

variables. The selected bioclimate variables 

such as annual mean temperature (bio01), 

temperature seasonality (bio04), and 

precipitation seasonality (bio15), exhibited a 

low spearman correlation of -0.3 and 0.04 

among them. However, bio01 showed a high 

negative correlation with elevation (r = -0.8), 

which exceeded the threshold (Figure). 

Despite this, both variables were considered 

in the modelling due to their significant 

impact on the distribution probability of P. 

juliflora in the study area. Furthermore, real 

time climatic variables, including Tmax, 

Tmin, and def also revealed a low to moderate 

correlation below threshold among them and 

other variables (Figure ). 

 

Figure. Heat map of Spearman’s correlation between all selected 

predictors 
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Abstract— In the field of cyber security, intrusion detection is one of the vital issues that requires high accuracy and 

efficiency. However, traditional models usually face challenges such as high false alarm rate and inability to identify 

new attacks. In this article, an improvement model based on genetic algorithms and random forest is presented, which 

aims to improve the accuracy and efficiency of intrusion detection systems. The proposed method includes the use of 

the genetic algorithm to optimize the parameters of the random forest model, which is the optimal setting for the 

intrusion detection model. The results show that the proposed model has been able to diagnose with 99.96 % accuracy. 

Precision 99.96%, Recall 99.96% and the F1-Score equal to 99.95%, has a much better performance than other existing 

models. These results show the high power and efficiency of the model in real environments and provide new directions 

for researchers in this field to further improve intrusion detection systems. 

Keyword: Intrusion detection, genetic algorithm, random forest algorithm, information technology, security, cyber 

attacks. 

INTRODUCTION 

In the current digital age, information 

security and protection of computer systems 

against intruder attacks is one of the most 

important challenges for organizations and 

institutions. Every day, the number and 

complexity of cyber-attacks are increasing 

forever, and the need for intrusion detection 

systems that can be able to effectively 

identify and stop these attacks is needed more 

than ever. One of the most famous and widely 

used datasets for the evaluation and 

development of intrusion detection systems is 

the NSL-KDD dataset. 

In this research, our goal is to investigate 

the use of the genetic algorithm to improve 

the random forest model in intrusion 

detection using the NSL-KDD dataset. First, 

we will review the literature and previous 

research in this field, and then we will present 

a new model based on the combination of the 

two methods. The results of this research can 

help to develop more efficient and accurate 

intrusion detection systems and play an 

important role in the protection of 

information systems. 

RESEARCH BACKGROUND 

In this section, we examine a number of 

articles and researches related to the use of 

the genetic algorithm to improve the random 

forest model in intrusion detection and 

compare their results. 

Breiman has shown that the random forest 

makes a decision by leaving a few trees. Its 

result is the introduction and explanation of 

the random forest algorithm and its high 

performance in classification and prediction, 

which is the basis of many other researches. 

[3] 

Azad and Jha examined the use of the 

genetic algorithm to estimate the parameters 

of the random forest model in case intrusion 

detection, and the researchers use genetic 

algorithm to optimize random forest model 

parameters and evaluate its performance [4]. 

Ahmim and Harous present a hybrid 

framework for intrusion detection that uses a 

random forest model and a genetic algorithm. 

Its results include providing a hybrid 

framework for intrusion detection, improving 

the detection accuracy and reducing the rate 

of false positive errors, and optimizing the 
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features and parameters of the random forest 

model [5]. 

Almseidin et al. have compared the 

performance of different machine learning 

algorithms in intrusion detection systems, and 

random forest is one of the algorithms 

investigated in this study and its results have 

been compared with other algorithms [6]. 

Idris and Selamat present a hybrid intrusion 

detection system that uses a combination of 

genetic algorithm and particle swarm 

optimization (PSO) algorithm. Its results 

include increasing accuracy and reducing the 

rate of false positive errors in intrusion 

detection and taking advantage of the 

advantages of both algorithms for better 

optimization [8]. 

Govindarajan and Chandrasekaran It has 

investigated the use of the genetic algorithm 

and data mining techniques for the diagnosis 

of intrusion. The genetic algorithm was used 

to select the important features and to 

optimize the penetration diagnosis models 

[9]. 

A comprehensive review of various 

machine learning techniques for intrusion 

detection is provided by Tsai et al. In this 

review, the random forest model and its 

applications in intrusion detection are also 

discussed [10]. 

Folino et al. have investigated the use of 

genetic programming and decision trees for 

the development of intrusion detection 

systems [11]. 

Various studies have shown that the 

combination of genetic algorithm with 

random forest model and other optimization 

and data mining techniques can lead to a 

significant improvement in the accuracy and 

performance of intrusion detection systems. 

These results indicate the high potential of 

using optimization algorithms in improving 

machine learning models for intrusion 

detection. 

METHOD 

The purpose of this research is to use the 

genetic algorithm to improve the random 

forest model in intrusion detection using the 

NSL- KDD dataset. This research is carried 

out in order to increase accuracy, reduce the 

rate of false positive and negative errors and 

predict. 

The techniques used for the proposed 

model include the genetic algorithm to 

optimize the model parameters and the 

random forest is the basic model for intrusion 

detection, which is used for the modelling of 

Python software. 

 

THE PROPOSED SYSTEM 

In this model, random forest is used as part 

of the evaluation function for the genetic 

algorithm, then this function is used as the 

evaluation function in the genetic algorithm. 

In this way, the parameters optimized by the 

genetic algorithm are given to the random 

forest model to find the best settings for the 

model. In other words, random forest is 

combined with genetic algorithm to find the 

best parameters. 

 

Outputs and its analysis 

In general, the results show that the model 

optimized by combining the random forest 

and the genetic algorithm has a very good 

performance in intrusion detection and has 

been able to achieve very high evaluation 

criteria.  

Genetic Algorithm Convergence Chart: As 

seen in  Figure 6, both in accuracy and criteria 

recall and F1-score is a fast convergence 

algorithm.  
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Figure 6 Convergence diagram of the proposed model 

MatrixConfusion  

In this research, the confusion matrix is as 

described in  Table 4: 

 

Table 4: Confusion matrix of the proposed model 

 DoS 
Prob

e 

R2

L 

U2

R 

norma

l 

DoS 
922

4 
0 0 0 0 

Probe 0 2371 0 0 2 

R2L 0 0 196 0 3 

U2R 0 0 3 9 1 

norma

l 
0 1 0 0 13382 

 

ReportClassification  

The classification report for each category 

includes measures of precision, recall and F1-

score. These criteria are described in  Table 5 

 

Table 5.Classification report of the proposed model 

precision recall f1-score support 

DoS 1.00 1.00 1.00 9224 

Probe 1.00 1.00 1.00 2373 

R2L 0.98 0.98 0.98 199 

U2R 1.00 0.69 0.82 13 

Normal 1.00 1.00 1.00 13386 

accuracy   1.00 25195 

macro avg 1.00 0.94 0.96 25195 

weighted 

avg 
1.00 1.00 1.00 25195 

 

Comparison of the results with the results 

of other case studies 

In table 6 a comparison of the three results 

obtained with other studies is given. As it can 

be seen, the results of this model show the 

improvement of the performance of this 

model in all criteria. Accuracy, precision, and 

Recall in the diagnosis of the disease are 

compared to other methods that have been 

done previously in other ways. 

 

Table 6. Comparison of the intrution detection results of the 

proposed method with other studies [15] 

Algorithm Accuracy Precision Recall 

PSO-RNN [12] 96.08% 85.63% 85.63% 

RF-SMOTE 

[13] 
98.31% 98.61% 98.41% 

PSO-KNN [12] 98.9% 98.89% 92.33% 

EGA-PSO [14] 98.97% 99.84% 96.12% 

PSO-RF [12] 99.76% 99.75 96.45 

Proposed model 99.96% 99.96% 99.96% 

 

In this regard, comparing the proposed 

model conducted in this research with the 

results of the model presented by Jafari and 

Hosseini shown in Table 7 shows that the 

proposed model in all evaluation criteria 

including Accuracy, Precision, Recall and 

F1-Score in intrusion detection has 

performed better.[17]. 

Table 7. Comparison of the intrution detection results of the 

proposed method with other studies [6] 

Algorithm Accuracy Precision Recall 
F1-

Score 
DNN-12L 

[6] 
99.49% 99.39 96.39 99.41 

Proposed 

model 
99.96% 99.96% 99.96% 99.95 

CONCLUSION 

In this project, the main goal was to detect 

network intrusion using the NSL-KDD 

dataset and combining machine learning 

models and optimization algorithms. First, 

the data were modeled using random forest. 

Then, to improve the performance of the 

model, the genetic algorithm was used to 

optimize the random forest parameters, which 

increased the accuracy of the model. 

The confusion matrix and classification 

report showed that the optimized model 

performed very well in identifying different 

categories of attacks, especially in DoS, 

Probe and normal categories whose accuracy, 

recall and F1 score were almost perfect. 
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However, the performance of the model in the 

U2R category was slightly lower than other 

categories due to the lack of samples. 

The random forest model optimized using 

the genetic algorithm has a very good 

performance in intrusion detection. The 

evaluation criteria show that the model has 

been able to identify almost all attacks with a 

very high accuracy. However, the small 

number of samples of the R2L and U2R 

categories could be a weakness and more data 

is needed for these categories. In general, this 

method, a combination of random forest and 

genetic algorithm, provides an effective 

solution for intrusion detection. The results 

show that the optimized model with the 

combination of random forest and genetic 

algorithm has a very good performance in 

intrusion detection and has been able to 

achieve very high evaluation criteria. This 

shows the power and high efficiency of this 

model in real environments. 

As a result, using the genetic algorithm to 

optimize the random forest model 

significantly improved the performance of 

the model. This research shows that by 

combining machine learning models and 

optimization algorithms, high accuracy can 

be achieved in network intrusion detection. 
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Abstract— This study presents a novel approach to estimate corneal mechanical properties using non-contact 

tonometry data and machine learning techniques. A neural network-based inverse model was developed to predict 

Ogden material parameters from corneal apex displacement data. The model was trained on simulated data generated 

via finite element analysis. Rather than employing standard evaluation metrics, the mechanical behavior of the material 

model was integrated into the model as the loss function, which minimizes the difference in stress fields between 

predicted and reference data. The method demonstrated strong performance in accurately predicting the mechanical 

response of the cornea. This approach offers a promising non-invasive diagnostic tool, bridging the gap between 

clinical measurements and complex biomechanical properties. 

Keyword: Cornea, Inverse Problem, Machine Learning, Neural Networks, Ogden Material Model 

INTRODUCTION 

Non-invasive assessment of corneal 

mechanical properties plays a critical role in 

diagnosing and monitoring various ocular 

conditions, such as keratoconus and 

glaucoma. While non-contact tonometry is 

widely used in clinical practice to estimate 

intraocular pressure and corneal stiffness, it 

does not directly yield accurate mechanical 

properties. Existing methods often rely on 

computationally expensive inverse FEM 

procedures [1], which limit their practicality 

in clinical settings. This study aims to 

overcome these limitations by developing a 

neural network-based inverse model to 

estimate corneal mechanical properties from 

non-contact tonometry data, offering a more 

efficient and accurate alternative. 

METHODOLOGY 

A. Finite Element Simulation: 

Finite element modeling and simulation of 

the cornea under non-contact tonometry test 

conditions were performed using Abaqus 

software. Corneal geometry was extracted 

from healthy corneas using the Pentacam 

device (Oculus, Germany). The cornea was 

modeled as a hyperelastic material using the 

Ogden constitutive model to capture its 

nonlinear mechanical behavior [2]. 

Simulations were conducted to replicate the 

Corvis-ST test, where air pressure was 

applied to simulate real-world tonometry 

conditions. The corneal apex displacement 

data for various Ogden material parameters 

were recorded as the primary output. In total, 

approximately 1700 simulations were 

performed [3]. 

 

B. Neural Network Model Development: 

An inverse model using feedforward neural 

network with four hidden layers was 

developed to predict Ogden material 

parameters from corneal apex displacement 

data. The input layer consists of 16 neurons 

representing corneal displacements over time 

steps during simulation. The hidden layers 

consist of 64, 32, 16, and 8 neurons, 

respectively, each using ReLU activation. 

The output layer consists of 3 neurons, 

corresponding to the Ogden material 

parameters 𝜇𝑖 in Eq. (1), with ReLU 

activation ensuring that all predicted 

parameters remain positive, as required by the 

model. 

 𝑊 = ∑
2𝜇𝑖

𝛼𝑖
2

(𝜆1
𝛼𝑖 + 𝜆2

𝛼𝑖 + 𝜆3
𝛼𝑖 − 3)3

𝑖=1         

 (1) 

where 𝛼𝑖 = 1,2,3 . 

 

C. Custom Loss Function: 
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To ensure accurate prediction of the Ogden 

material parameters, a custom loss function 

was implemented. Instead of directly 

comparing the predicted and target parameter 

values, the loss function compares the stress-

strain curves generated by these parameters. 

Specifically, the error is defined as the norm 

of the difference between the predicted and 

true uniaxial nominal stresses (Eq. (2)) over a 

range of feasible stretches [0.5,1.5] for 

corneal tissue. 

𝑃1 =
𝜕𝑊

𝜕𝜆1
 (2) 

RESULTS 

The model demonstrated strong 

performance in predicting corneal material 

behavior, with an average error of 0.1932 

across the test set. While a few outlier cases 

were observed (Fig. 1), the predicted stress-

stretch curves closely matched the target 

behavior in most cases. 

 

The largest error was 1.075, yet even in this 

case, the predicted mechanical behavior was 

still very similar to the true behavior (Fig. 2). 

For the vast majority of samples, the 

differences between the predicted and true 

stress-stretch curves were barely 

distinguishable. 

 

DISCUSSION 

The results demonstrate that the neural 

network-based inverse model can effectively 

predict Ogden material parameters from 

corneal apex displacement data. This method 

offers several advantages: it is non-invasive, 

relying on readily available non-contact 

tonometry data, and provides an efficient, 

rapid estimation of mechanical properties. 

Moreover, the model's accuracy suggests 

potential for clinical application, where it 

could assist in the diagnosis and monitoring 

of ocular conditions such as keratoconus and 

glaucoma, offering a practical tool for 

assessing corneal biomechanics in routine 

practice. 

CONCLUSION 

This study presents a novel neural network-

based approach for estimating corneal 

mechanical properties using non-contact 

tonometry data. The model demonstrated 

strong accuracy in predicting Ogden material 

parameters, offering a promising non-

invasive and efficient tool for clinical 

applications. Future work could focus on 

integrating the model into clinical workflows 

for diagnosing and monitoring ocular 

conditions along with investigation into more 

advanced neural network architectures and 

the incorporation of additional input features, 

such as individual corneal geometric 

measures, to further improve the model's 

accuracy and generalizability. 

Fig. 2 Error distribution across test samples 

 
Fig. 3 Comparison of true and predicted stress-stretch curves for the 

worst-performing sample 
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Abstract— Raman spectroscopy is a non-destructive analytical technique that reveals a substance’s molecular 

interactions, chemical structure, phase, polymorphism, and crystallinity. It operates on the principle of atomic 

vibrations interacting with the inelastic scattering of monochromatic light, typically generated by a laser. Although 

conventional Raman spectroscopy encounters challenges in detecting biological molecules such as DNA, RNA, and 

organisms—or even in tumor identification—Surface Enhanced Raman Scattering (SERS) has been developed to 

overcome these issues. SERS-based biosensors significantly enhance sensitivity and accuracy, allowing rapid analysis 

of complex biological samples.Advanced statistical techniques like Support Vector Machines (SVM), Linear 

Discriminant Analysis (LDA), and Principal Component Analysis (PCA) are essential for analyzing SERS data in 

biomolecular studies. The integration of these techniques with SERS can significantly improve the detection and 

identification capabilities in various fields, such as parasitology and veterinary diagnostics. 

Keyword:  Application ,enhanced Raman scattering, veterinary diagnostics, statistical methods 

INTRODUCTION 

Raman spectroscopy provides insights into 

a material’s chemical structure and molecular 

interactions through vibrational analysis. It 

uses the inelastic scattering of laser-produced 

monochromatic light, revealing a unique 

spectral fingerprint associated with molecular 

vibrational modes. Micro-Raman 

spectrometers enhance spatial resolution by 

focusing laser light on small sample areas and 

collecting scattered light via microscopy. 

Conventional Raman spectroscopy is 

limited by weak scattering signals and 

potential fluorescence interference when used 

with biological molecules like DNA and 

RNA. SERS effectively addresses these 

challenges by providing substantial 

electromagnetic enhancement, enabling the 

detection of low concentrations of 

biomolecules, including Leishmania DNA. 

For thorough biomolecular analysis, 

advanced statistical methods such as SVM, 

LDA, and PCA are crucial. These methods 

enhance detection sensitivity and accuracy, 

enabling precise identification, classification, 

and discrimination of biomolecules. 

APPLICATIONS OF SERS IN 

BIOLOGICAL STUDIES 

Raman spectroscopy has been shown to 

accurately analyze hemozoin, a byproduct of 

hemoglobin breakdown by the malaria 

parasite, as demonstrated in a 2006 study by 

Wood et al. Hemozoin is a critical marker for 

malaria presence and a target for antimalarial 

drugs. Similarly, Rule et al. in 2009 employed 

the SERRS technique to detect waterborne 

pathogens Giardia lambia and 

Cryptosporidium parvum, using gold 

nanoparticles conjugated with specific 

antibodies as Raman markers[1,3]. 

In a 2022 study, Giuseppe et al. utilized 

Raman spectroscopy to detect structural 

alterations in canine blood serum proteins for 

identifying Leishmania infantum. This 

approach highlights the method’s ability to 

discern subtle changes in serum proteins due 

to parasitic infections.[2,5,6] 
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ADVANCEMENTS IN CANCER 

DIAGNOSTICS AND OTHER 

APPLICATIONS 

Recent research has focused on using 

Raman spectroscopy for intraoperative 

assessments, particularly in diagnosing 

margins during breast cancer surgery—an 

essential factor in local recurrence for both 

human and veterinary patients. Non-invasive 

optical spectral/imaging methods, enhanced 

by SERS, have shown significant promise for 

real-time, precise diagnostic 

applications[10]. 

Eady et al. demonstrated that integrating 

SERS with support vector machines enhances 

detection and classification accuracy, notably 

in identifying Salmonella typhimurium in 

chicken rinse samples. Moreover, Zheng and 

colleagues utilized Python-assisted SERS 

chips for photothermal inactivation of 

pathogens like Salmonella typhimurium and 

Staphylococcus aureus in blood samples, thus 

minimizing secondary contamination during 

detection[11]. 

CONCLUSION 

The integration of SERS, PCA-LDA, and 

SVM represents a powerful approach for the 

precise identification and differentiation of 

organisms, crucial for parasitology and 

veterinary diagnostics. The ability of SVM 

classifiers to establish clear boundaries 

between species, alongside the visualization 

of species separation via PCA-LDA, 

underscores the technique’s reliability in 

capturing distinct molecular signatures [4,7]. 

In summary, combining SERS with PCA-

LDA and SVM offers a robust tool for 

diagnostic and species differentiation 

applications, with broader implications for 

clinical diagnostics and scientific research. 

This integrated strategy enhances accuracy 

and efficiency, representing a valuable 

advancement in species identification 

methodologies and offering reliable tools for 

improved diagnostic and disease 

management practices[8,9]. 
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Abstract- Lung cancer is one of the most prevalent types of cancer in the world, and its clinical prognosis and early 

detection are of great importance. With recent advances in artificial intelligence and nanotechnology, combining 

machine learning (ML) and nanobiosensors has been considered a novel approach for diagnosing and monitoring lung 

cancer. Hence, the current review aims to examine the combination of these two technologies for lung cancer diagnosis 

and explores its potential and challenges. ML can identify patterns associated with lung cancer with its capabilities in 

processing complex data and simulating predictive models. Nanobiosensors, on the other hand, can detect biological 

changes at the molecular and cellular levels with high sensitivity. These two technologies allow for more accurate, 

faster, and non-invasive lung cancer diagnosis.  In addition, using these two technologies simultaneously could help 

identify more advanced changes in the disease, even before clinical symptoms become apparent. In conclusion, 

combining machine learning and nanobiosensors offers a novel and efficient approach to lung cancer diagnosis that 

can significantly increase the accuracy of diagnosis and prognosis.  

Keywords: Lung cancer, Nanotechnology, Nanobiosensors, Artificial intelligence 

INTRODUCTION 

The early detection of lung cancer is vital 

to ensuring effective treatment for this 

disease, as it is one of the leading causes of 

cancer deaths worldwide. Data science and 

artificial intelligence are two rapidly growing 

areas in the fields of data science and 

nanotechnology. In particular, the 

combination of machine learning (ML) and 

nanobiosensors has created new possibilities 

for rapid and more accurate diagnosis of lung 

cancer [1]. It has been shown that machine 

learning can help identify hidden patterns in 

biological and medical data, thus providing a 

more accurate prediction of lung cancer 

through the study of complex data [2]. 

Furthermore, nanobiosensors are highly 

sensitive biological tools that can be used to 

detect molecular and biochemical changes 

within the human body, which may serve as a 

sign of cancer [3, 4]. It is believed that 

combining these two technologies will result 

in a substantial improvement in the diagnosis 

of lung cancer and other chronic diseases 

soon. Accordingly, this review examines how 

these two technologies can detect lung 

cancer. 

ARTIFICIAL INTELLIGENCE  

Artificial intelligence (AI), ML, is 

progressively used to diagnose many types of 

cancers, especially lung cancer [5]. ML 

algorithms can use complex medical data 

such as medical images (computed 

tomography scans, magnetic resonance 

imaging, and radiographs) to identify early 

signs of cancer. AI is capable of processing 

and analyzing huge amounts of data in a very 

short time and can predict treatment 

outcomes and identify risk patterns [6]. In 

addition, using deep learning techniques such 

as neural networks can significantly increase 

the accuracy of diagnosis. 
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NANOBIOSENSORS 

There is growing evidence that 

nanobiosensors are effective tools for 

diagnosing a variety of cancers, including 

lung cancer [7]. Gold, silver, or metal oxide 

nanoparticles are useful nanomaterials for 

nanobiosensors that accurately detect 

molecular and cellular biological changes [8, 

9]. Nanobiosensors in blood and lung 

secretions can detect lung cancer biomarkers 

to diagnose early signs of the disease [10]. 

Moreover, nanobiosensors can monitor the 

patient's condition and assess their response 

to treatment continuously in addition to rapid 

detection. Patients with lung cancer can 

benefit from non-invasive, more accurate 

diagnoses through nanobiosensors [11]. 

COMBINING ARTIFICIAL 

INTELLIGENCE AND 

NANOBIOSENSORS 

Combining machine learning and 

nanobiosensors could provide an innovative 

and comprehensive approach to lung cancer 

diagnosis [12]. Nanobiosensors collect 

biological information from patients, and 

machine learning analyzes this information to 

detect cancer patterns [13]. For instance, 

nanobiosensors detect specific molecules 

altered in cancerous tissues, which can be 

used to infer the cancer stage from this 

information and categorize lung cancer 

patients according to these indicators [14]. 

Furthermore, it could also be possible to use 

these two technologies concurrently to detect 

more advanced changes in a disease, even 

before clinical symptoms are evident, thereby 

reducing the risk of fatal disease [15]. 

CONCLUSION 

In the future, it is anticipated that machine 

learning combined with nanobiosensors will 

offer a novel and efficient approach to the 

diagnosis of lung cancer that will contribute 

greatly to enhancing the accuracy of 

diagnosis as well as prognosis. The 

combination of these two technologies can be 

vital in achieving advanced precision 

medicine for lung cancer. 
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Abstract— Considering the high mortality rate of cardiovascular diseases (CVDs), especially myocardial infarction 

(MI), and the deficiency of current treatments for proper recovery after the occurrence of MI, scientists started to 

develop cardiac patches that after implantation on the surface of the failing heart can improve cardiac function. 

However, one of the major obstacles is how to implant the cardiac patch firmly on the surface of a beating heart without 

causing further damage. To achieve this purpose many methods have been suggested. Among these methods using 

sutures and glues, producing a cardiac patch with photocurable adhesives, and applying microneedle patches are 

noteworthy. 

Keywords: myocardial infarction, cardiac patches, transplantation, heart attack 

CARDIOVASCULAR DISEASES 

Cardiovascular diseases, mainly 

myocardial infarction, are the leading cause 

of death worldwide. In 2020, CVDs caused 

19.05 million deaths which shows an 18.71% 

increase from that of 2010 [1]. 

Myocardial Infarction, commonly known 

as heart attack, happens when the blood is 

prevented partially or completely from 

reaching a part of the myocardium, leading to 

necrosis of heart muscle cells [2]. The death 

of cardiac cells finally results in the formation 

of an unfunctional scar tissue which impairs 

the heart's ability to pump blood properly, 

ultimately causing heart failure [3]. 

Although common methods for the treatment 

of CVDs, such as utilization of medications 

and medical devices can improve the quality 

of patients’ lives, they are unable to stop the 

progression of the disease [3]. 

 

CARDIAC PATCHES 

Cardiac patches are biomaterials that can 

be used for transplantation and repair of the 

damaged myocardium. These biomaterials 

utilize diverse scaffolds and are often 

accompanied by seeded cells with the ability 

to differentiate into cardiomyocytes [4]. 

These patches offer temporary support for the 

infarct region and also repair the damaged 

myocardium through cells and bioactive 

materials that are able to integrate with the 

host [4]. One of the determining factors in 

their effectiveness is their implantation 

method to the surface of the beating heart so 

they can play their role fully with strong 

adhesion and without any disruption in patch 

function or damage to the cardiac tissue [5]. 

 

PATCHING METHODS 

A. Sutures 

Suturing cardiac patches to the heart 

surface is a widely used method to achieve 

firm adherence but its various drawbacks 

such as disrupting blood supply to the patch, 

bleeding, damage to the healthy tissue and 

infection create many problems that can 

endanger the functionality of the infarcted 

heart further or decreases the effect of the 

patch [5,6]. Such traumas can even lead to the 

escalation of LV dysfunction and therefore 

extend the scope of the damage [5]. 

 

B. Glues 

Patches can also be glued to the surface of 

the heart. Nowadays the standard glue for this 

purpose is fibrin glue which is commonly 

added as an adjuvant for the attachment of 

cell sheets or dECM scaffolds to the 

epicardium [5]. Although fibrin glue can help 

with the attachment of the cardiac patch on 

the epicardium without causing any chronic 

inflammation [5] and in a less invasive way, 
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it has a weak attachment ability that can 

hinder the attachment of larger patches on the 

surface of the beating heart [6]. The other 

drawbacks affiliated with fibrin glue are the 

inhibition of cell migration [6] and infiltration 

of cell secretions from the patch to the 

damaged tissue following the creation of an 

unwanted gap between the two [5], improper 

stiffness, and the potential presence of viruses 

in the fibrin glue [6]. Reports show that 

suturing does not have any negative effects on 

the cardiac patch in comparison with those of 

fibrin glue [5]. 

 

C. Photocurable adhesives 

Using materials with photocurable 

characteristics like gold nanorods when 

producing a cardiac patch is another way to 

achieve strong and direct attachment of the 

patch to the heart surface [5]. These materials 

usually absorb light in special wavelengths, 

heat up, and melt the tissue locally which 

results in patch attachment [7].  

 

D. Microneedle patches 

Considering the need for a method to 

adhere cardiac patches to the heart surface in 

a less damaging manner which can also be 

strong enough, scientists have suggested the 

use of microneedle patches [6]. In 2018, Tang 

et al. developed a microneedle patch 

integrated with stromal cells which by 

creating “channels”, as the authors name it, 

between the damaged myocardium and the 

therapeutic cardiac stromal cells, the direct 

secretion of regenerative factors into the 

infarcted myocardium and therefore 

amelioration of heart is possible [8]. 

CONCLUSION 

Patches produced for improving the 

function of a damaged heart after MI should 

be implanted on the epicardium using the 

most efficient method which can provide firm 

adherence with minimal damage. Although 

different methods have been used in 

experiments, further studies are required to 

find the best patching method to heal an 

infarcted heart with minimal side effects. 
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Abstract—Enterococcus faecalis (E. faecalis) is a gram-positive bacterium associated with humans as a member of gut 

microflora. The approaches based on the intracellular and extracellular metabolites are of major interest. Four strains 

of bacteria, including standard samples of E. faecalis, Staphylococcus aureus, Escherichia coli, and Shigella flexneri, 

with seven levels of concentrations, were included in this study. After 30 minutes of incubation, the bacteria were 

treated with ROS indicator, and subsequently, after 30 minutes, the samples were scanned by a fluorescence 

spectrometer. The intensity greater than a threshold, indicates the detection of E. faecalis with a concentration of 105 

CFU/mL or higher. Regarding the specific enzymes of E. faecalis and its high level of redox reactions, a fast, a low-

cost method, using ROS indicator, is presented. The fluorescence emission after 60 minutes and greater than a threshold 

indicates the detection of E. faecalis. 

Keyword: ROS indicator, Fluorescence spectroscopy, Rapid detection, Enterococcus faecalis 

INTRODUCTION 

Enterococcus faecalis (E. faecalis) is a 

gram-positive bacterium that can survive 

extreme challenges, due to its diverse 

metabolic capabilities. 

 In general, Enterococcus strains produce 

antioxidative enzymes against ROS stress, 

but E. faecalis is unusual among prokaryotic 

organisms, because it produces significant 

extracellular ROS such as superoxide, 

hydroxyl radical, hydrogen peroxide, and a 

variety of antioxidative enzymes in stress 

conditions [1]. The ability to cope with 

endogenous or host-generated ROS, and 

direct production of oxygen-derived free 

radicals seems to be related to its 

pathogenesis [1], as well as inducing damage 

to the DNA of surrounding eukaryotic cells 

[1]. 

The ROS in this bacterium are by-products 

of aerobic glycerol metabolism and the 

interaction of respiratory chain semiquinone 

radicals with oxygen. This bacterium 

produces NADH, which is responsible for 

producing ROS [2]. Metal ions affecting ROS 

production are crucial for the survival of this 

bacterium [3]. 

MATERIALS AND METHODS 

First, using the serial dilution method, 7 

different concentrations of 108 CFU, 107 

CFU, 106 CFU, 105 CFU, 104 CFU, 103 CFU, 

and 102 CFU of each bacterium were 

prepared. Then, using a 96-well black ELISA 

plate, the wells were filled with twice of 100 
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µL of each concentration. Subsequently, the 

wells were separately  treated with 2.5 µL of 

fluorophore, including Fluorophore Molarity 

(FM) concentrations of 250 µmole/L and 25 

µmole/L. The viability  of bacteria in this 

DMSO concentration (2.5 µL per 100 µL) 

was proved by the tetrazolium assay (for 

brevity, these results are not presented).  

The scanned emission data made raw data 

of this study. Finally, by plotting the 

Fluorescence Intensity versus Logarithmic 

Concentration (FILC) spectra of bacteria, the 

patterns of fluorescence intensity were 

obtained. There were two FILC patterns, one 

pattern was obtained by staining the sample 

with FM of 250 µmole/L, and the other is 

obtained by staining the sample with FM of 

25 µmole/L. It worth mentioning that the 

experiment was repeated for multiple 

samples to ensure the validity of the method. 

RESULT  

As shown in Fig.7.a, the emission spectrum 

of standard E. faecalis stained with FM of 250 

µmole/L is higher than other bacteria for 

concentrations greater than or equal to 104 

CFU/mL. The FILC spectra of bacteria 

concentrations less than 104 CFU/mL 

overlap. As shown in Fig.7.b, the maximum 

fluorescence intensity of E. faecalis is greater 

than 100,000 AU (Arbitrary Unit) for the 

bacteria concentrations of 107 CFU/mL and 

108 CFU/mL, because the detector is 

saturated. It means the maximum value or 

saturation limit of the detector is 100,000 AU. 

The embedded detector is a high-sensitivity 

Photon Multiplier Tube (PMT). 

 

 
Fig.7 (a) Fluorescence spectra of standard samples at 522 nm. The 

FM is 250 µmole/L. The maximum fluorescence intensity is related 

to the bacteria concentration of 108 CFU. (b): FILC of standard 

bacteria with FM of 250 µmole/L. 

DISCUSSIONS AND 

CONCLUSIONS 

Briefly, in this study, a rapid detection 

method based on the redox reactions and ROS 

activity of E. faecalis within 30 minutes after 

staining is presented. 
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Abstract- Klebsiella spp. is one of the most common causes of nosocomial infections in the United States, causing 8% 

of all nosocomial infections  Out of 160; 24 sample shows the infection of KlebsiellaI identified on the basis of DNA 

isolation and checking with PCR using identified maker like rmpA  and iroN markers. The infection was observed 

more predominant in female and immunodeficient persons. The organism were identified by the. Antibiotic 

susceptibility was checked for the different group of antibiotic like Cell Wall synthesis inhibitors - Ampicilln-

sulbactam, Impenem, Cefotaxime, Piperacillin. Protein synthesis inhibitors included – Tobromycin, Nitrofurantion, 

Tetracycilln, Chloramphenicol and Nalidixic acid, Ciprofloxacin will be used as DNA synthesis inhibitors. The 

antibiotic resistance was seen to different antibiotics at their specified concentration.The above obtained data will 

suggest us that the microorganism like Klebsiella pneumonia are the deadly pathogens and become more deadly with 

their capacity of drug resistant so there is need to find out alternate therapy to eradicate the infection of sush organism. 

Keyword: Klebsiella pneumoniae, UTI, antibiotic resistance 

INTRODUCTION 

Klebsiella pneumoniae is a Gram-negative  

rod in the Enterobacteriaceae family. The 

bacterium is found indigenously in soil and 

waters, but also on mucosal surfaces in 

mammals, including humans [1]. This 

organism is liable for epidemic nosocomial 

infections and its increasingly high level. 

World wild Due to drug resistance this 

organism is resulting in high mortality and 

morbidity. The dominant antibiotics used for 

treating infections today are the 𝛽-lactam 

antibiotics, which inhibit trans peptidases 

participating in bacterial cell wall synthesis. 

Beta-lactam antibiotics are often deactivated 

by 𝛽-lactamase enzymes [2]. 

The World Health Organization classified 

K. pneumoniae as a critical priority and 

established the need to promote the search for 

new antimicrobial agents [3]. Next to it the 

resistance is depends on microbial 

characteristics, selective pressure and 

technological and societal changes and this 

could affect very seveiourly for  different 

types of patients  especially with renal 

dialysis, cancer patients with chemotherapy, 

and organ transplantation surgery [4]. The 

World Health Organization classified K. 

pneumoniae as a critical priority and 

established the need to promote the search for 

new antimicrobial agents [5].  

Therefore, in this study the essential focus 

was given to study the relationship between 

antibiotic resistance and biofilm formation in 

k. pneumoniae and there infection 

METHODOLOGY 

Collection of urine samples 

A total of 160 urine sample were collected 

from patients suffering from Urinary Tract 

Infection from both sexes (males and 

females), during the study period from 

(September / 2019 –December / 2019)  from  

patients  attendinggeneral Baladruz hospital 

and Al- Batool  Teaching hospital., A positive 

urine culture is based on the growth of 

bacteria at high number of colony forming 

uniits (CFU). Urine culture results should be 

interpreted in conjugation with clinical 

symptoms of UTI ;Out of 160 ,24 samples of 

klebsiella isolated, .Pure colonies of isolated 

microorganisms were identified using 

morphological, biochemical tests including 

API (analytical profile index) system. [6]. 

Antimicrobial Susceptibility Testing: 

All 24 strains of K. pneumonia isolates 

were screened for their antibiotics 

susceptibility by using Disc diffusion 

method, also known as the Kirby- Bauer 
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method. Experiment was performed 

according to the Clinical and Laboratory 

Standard Institute guidelines (CLSI), 

formerly the National Committee for Clinical 

Laboratory Standards (NCCLS). 

Detection of rmpA gene and iroN gene of 

klebsiella pneumoniae 

PCR assay was performed in a monoplex 

pattern in order to amplify ifferent fragments 

of genes under study in a single tube. The 

primers listed as below were selected for this 

study; 

 

Primer Name 
Vol. of nuclease 

free water (µl) 

Concentration 

(pmol/µl) 

27F 300 100 

1492R 300 100 

 

PCR reaction tubes were placed into 

thermocycler PCR instrument where DNA 

was amplified as indicating in the Tables  

Table 2: Conditions used to amplify the klebsiella  pneumoniae  

rmp A gene 

Steps Temp  oC 
Time 

m:s 

No. Of 

cycle 

Initial Denaturation 
95 05:00 

1 

Denaturation 
95 00:30 

30 Annealing 
54 00:30 

Extension 
72 00:30 

Final extension 
72 07:00 

1 

Hold 
10 10:00 

 

Agarose Gel Electrophoresis 

After PCR amplification, agarose gel 

electrophoresis was adopted to confirm the 

presence of amplification. PCR was 

completely dependable on the extracted 

DNA. After completion of electrophoresis 

ethidium bromide stained bands in gel were 

visualized using Gel imaging system . 

RESULT 

For study the causative microorganism of 

illness with the symptoms of UTI amongst 

160 patients their urine sample was collected 

and screened for the isolation.the samples 

were collected from Baladroz and Al-Batool 

hospitals in Diyala city .  The incidence of 

K.pneumoniae infection in female more than 

in male as the rate of infection (83.3%) and 

(16.7%), respectively. The age range of these 

patients was (10- ≥50) years, the smallest age 

group (8.3%) were (40-49) and (≥50)years 

and the largest groups (29.2 %) was (30-99) 

years old.  The individuals divided into 

different groups according to their smoking, 

pregnant and chronic disease (diabetes, 

hypertension,chronic UTI,) , It was noted that 

the incidence of diabetes in people infected 

with K.pneumoniae was 29.2%, patient 

suffering from hypertension was 20.8%, 

patients suffering from chronic UTI was 

12.5% and pregnant was 12.5%. as shown in 

figure1 

 

Figure1: frequency and percentage of risk factors are associated 

with klebsiella pneumonia infected are compared by using X2 test. 
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Figure 2: electrophoresis profile of bacterial DNA sample for 

identification iroN sample rmpA primer markers (arrow shows 

iroN gene markers). 

The DNA sequencing was done to identify 

the strains of Klebsiella pneumoniae that 

cause UTI in Iraq especially in Diyala city, 

the results showed that there are two strains 

responsible to the UTI in this city, Klebsiella 

pneumoniae strains D16KP0042 and 

KPWIQ25. 

DISCUSSION 

From another gel electrophoresis results it 

was observed that, when the bacterial 

genomic samples were extracted and 

amplified by using PCR with some of the 

marker primer. It was observed that the 

sample no10, 13, 19 were shows iroN gene 

band from amplified sample which is marker 

gene used for the identification of Klebsiella 

sp. With iroN sample rmpA marker primer 

band was also checked but these marker gene 

was not observed in any of the sample but the 

identification report shows that amongst 

screened total sample 24 sample was shown 

to be Klebsiella sp.  in this rmpA genes are 

responsible for the production of capsule 

polysaccharides [7] but these gene was not 

amplified in the prier based PCR which 

interprets that the isolated Klebsiella sp. are 

mostly non capsulated. Some of these species 

will have the potential of iorn uptake 

CONCLUSION 

The above obtained data will suggest us 

that the microorganism like Klebsiella 

pneumonia are the deadly pathogens and 

become more deadly with their capacity of 

drug resistant so there is need to find out 

alternate therapy to eradicate the infection of 

such microorganism. 
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Abstract— This study was conducted at the College of Veterinary Medicine, University of Diyala, to evaluate the 

seroprevalence and molecular detection of avian influenza virus (AIV) H5N8 in layer chickens. Samples were collected 

from eight commercial flocks displaying severe respiratory symptoms, facial edema, followed by cyanosis in all parts 

of unfeather skin predominantly the wattles comb. Serological analysis was performed using ELISA on 364 serum 

samples to detect IgG antibodies specific to AIV H5N8. The results showed a significant increase of IgG antibodies in 

such serum samples at days 70 and 200 of age. Additionally, 48 postmortem tissue samples from trachea, lung, and 

liver were collected from birds at 200 days of age for RT-PCR analysis by using specific primers for H5N8 strain. 

Results indicated that 32 out of 48 samples (66.6%) were positive for H5N8, confirmed by sequencing of the 320 bp 

amplicon. The local H5N8 strain exhibited 99% sequence identity with reference sequences and was registered in 

GenBank under accession number (ON247929.1.). Phylogenetic analysis showed that the local sample (ON247929.1) 

was closely related to reference isolates from the NCBI, including MW961428.1, MW961444.1, MW961476.1, 

MW961436.1, and MW961484.1, which were deposited from Nigeria. 

Keyword: avian influenza virus (AIV), layer chickens, ELISA, RT-PCR, GenBank 

INTRODUCTION 

 Due to viral strain and herd immunity, 

global avian influenza epidemics have an 

adverse effect on the chicken sector and 

increase morbidity and mortality [1]. 

Negative-sense single-stranded RNA 

genomes are seen in avian influenza viruses 

[2]. The genome is divided into 8 segaments, 

totaling 13.5 kilobases. The disease-causing 

virus belongs to the Orthomyxoviridae 

family's genus Alph ainfluenzavirus. This 

virus's genome is fragmented by 13.5 kb, 

includes single-stranded RNA, and is 

negative sense [3] Differences in the matrix 

(M1) protein and nucleoprotein (NP) lead to 

classification into four genera: A, B, C, and 

recently discovered D [3 ] B, C, and recently 

discovered D—based on variations in their 

matrix (M1) protein and nucleoprotein 

(NP)[4]  Two influenza types A virus has 

been named based on their capacity to 

significantly infect a host. The mild to 

subclinical symptoms of low-pathogenicity 

(LP) avian influenza virus include minimal 

respiratory and digestive effects as well as a 

moderate impact on ovarian follicles, which 

lower egg output and death in hens  [5]. Due 

to its rapid transmission and fatality of 

domestic poultry, highly PAIV is referred to 

as the "fowl plague." Due to the Re-

assortment of avian and human influenza in 

the 20th century, epidemics of the H1N1, 

H2N2, H3N2, H1N1, and H5N1 viruses 

respectively broke out in Asia, Africa, and [ 

6] First time in 2010 and spread to farmed 

birds via migrating aquatic birds. [ 7 ] that led 

to a mortality rate of more than 90%. The 

current study's objectives are to analyze the 

HPAIV (H5N8) in various flocks of layer 

chickens in the Diyala Governorate of Iraq by 

serological, molecular, and phylogenetic 

methods. 

MATERIALS & METHODS 

 The current study was conducted at the 

College of Veterinary Medicine, University 

of Diyala from September 2021 to April 

2022, and sought to assess the seroprevalence 

and molecular of the major and very harmful 

viral illness of layer hens termed AIV. All of 

this study's samples processing and testing 

were done in the virology laboratory. All 

samples were collected from 8 suspected 

commercial layer farms suspected to be 

infected with AIV(H5N8) that were located 

in four areas of Diyala Governorate. 
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RESULTS 

The results showed a significant increase of 

IgG antibodies in such serum samples at days 

70 and 200 of age. According to the 

instruction manual of ELISA kit 

manufacturer and to mean titers of layers of 

present study, all farms are infected with 

AIVH5N8 strain. However, at the age of 200 

days, 48 postmortem tissue samples. 

including trachea, lung and liver of affected 

birds were collected from clinically and sub-

clinically infected flocks from all farms. 

These samples were processed, RNA 

extracted and submitted to RT-PCR using 

specific primers for H5N8 strain. The results 

showed that 32 out of the 48 tissue samples 

(66.6%) tested positive for H5N8.The 

resulted Amplicon (320bp) was 

commercially sequenced and analyzed. The 

sequencing of the local AIV H5N8 revealed a 

99% sequence identity with the reference 

sequences. The detected strain was registered 

in GenBank data (NCBI) under acc.number 

ON247929.1. Phylogenetic tree for locally 

detected virus in comparison to data from of 

NCBI was created and showed that the 

investigated S1(ON247929.1, AIV (A/laying 

hens/Iraq/(H5N8) segment 4 hemagglutinin 

(HA) gene, partial cds, local sample is closely 

related to reference isolates from the NCBI 

acc. no. of MW961428.1, MW961444.1, 

MW961476.1, MW961436.,1 and 

MW961484.1. These strains of the Influenza 

H5 virus have been deposited from 

Nigeria.All paragraphs should be justified, 

both left-justified and right-justified. 

DISCUSSION 

Worldwide, highly pathogenic avian 

influenza (HPAI) viruses have emerged in 

poultry and other animals, causing infrequent 

but devastating outbreaks. The (AIV) H5N8 

subtype among these produces a serious 

respiratory disease in chicken that has a high 

morbidity and mortality rate. Most bird 

species have been affected by highly 

pathogenic avian influenza (HPAI)(H5N8) 

epidemics over the past 20 years. 

CONCLUSION 

It concluded that most layer farms of 

Diyala Governorate are endemic with HPAIV 

H5N8 as four locations of layer flocks with 

wide geographical distributions were infected 

with this virulent virus. 
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Abstract— This study investigates the synthesis of Egyptian blue pigment and its effect on dye-sensitized solar cells 

(DSSCs). The synthesis results show that Egyptian blue has high light absorption in the visible range and can be used 

in DSSCs. Three solar cells were fabricated with different dye sensitizers. Experimental results for open-circuit 

voltage, short-circuit current density, fill factor, and efficiency were as follows: 0.56 V, 15.6 mA/cm², 62%, and 5.53% 

for N719; 0.55 V, 2.28 mA/cm², 63%, and 0.79% for Egyptian blue; and 0.57 V, 16.9 mA/cm², 64%, and 6.32% for 

the blend of Egyptian blue and N719. These results demonstrate the potential of Egyptian blue as a good sensitizer for 

DSSCs و 

Keyword: Dye-sensitized solar cells (DSSCs), Efficiency, Egyptian blue  

INTRODUCTION 

The rapid growth of the global population 

and increasing social welfare have 

significantly boosted the demand for energy. 

Energy is a pivotal element in modern life, 

influencing economic stability and 

development. This rising demand for energy, 

coupled with the finite nature of fossil fuels 

and environmental concerns about 

greenhouse gas emissions, has escalated the 

need for renewable energy sources [1]. 

Among these, solar energy stands out as one 

of the most promising options. The vast 

energy from sunlight exceeds the global 

consumption of energy annually [1]. 

presenting an opportunity for efficient energy 

conversion. Solar cells, particularly dye-

sensitized solar cells (DSSCs), offer a cost-

effective and sustainable solution for 

converting sunlight into electricity, showing 

great potential for commercialization [2]. 

The aim of this study was to increase the 

efficiency of the pigment-sensitive solar cell 

using the synthesis of Egyptian blue pigment. 

COLOR SYNTHESIS METHOD 

 The method of Poes et al., was used for the 

synthesis of Egyptian blue dye. Figure 1[3]. 

In order to investigate the effect of each of the 

reactants on the optical properties of Egyptian 

blue, different proportions of each substance 

in weight percentages of one, three and five 

percent were placed in the oven according to 

the determined temperature conditions and 

Figure 3 shows the results of color synthesis. 

 

Fig.1 How to synthesize color and medium with HCl solution [3]. 

 

Fig. 2 Temperature conditions - time of synthesis of Egyptian blue 
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Fig. 3 The results of synthesis of samples 

EGYPTIAN BLUE 

Among the mineral colors, Egyptian blue is 

an extremely important mineral. This term 

refers to the complex and porous mixture of 

CaCuSi4O10 and SiO2 (glass and quartz), 

which is distinct from the first artificial 

pigment produced in human history. Egyptian 

blue is the mineral cuprorivite. In fact, from 

the chemical point of view, it is 

indistinguishable from cuprorivit and is very 

rare in nature. In its natural form, it is used in 

a very low concentration to create durable 

pigments, and in its synthetic form, it is 

known as Egyptian blue [4]. 

CONCLUSION 

In this research, the synthesis of Egyptian 

blue mineral dye, which has the ability to 

absorb light in the visible region and is very 

long lasting, was carried out. In order to 

investigate the effect of each of the reactants 

on the optical properties of Egyptian blue 

paint, different proportions of the reactants in 

weight percentages of one, three and five 

percent were placed in the oven according to 

the determined temperature conditions. The 

results of the UV-Visible test for 10 

synthesized samples showed that pigment 

number four can be used as a good sensitizer 

in solar cells sensitive to the pigment due to 

having the broadest visible light absorption 

spectrum. be placed In order to identify the 

phase and structure of the synthesized 

pigment, XRD, SEM-EDS and FTIR 

analyzes were performed for pigment number 

four, and the results showed that the 

synthesized substance is Egyptian blue 

(CaCuSi4O10) with a small amount of 

impurity. 

In this research, to investigate the effect of 

Egyptian blue pigment on pigment-sensitive 

solar cells, three solar cells were made, and 

the difference between these cells is the 

difference in their sensitizer or pigment. The 

first cell was made with N719 pigment, the 

second cell with Egyptian blue pigment and 

the third cell with a combination of both 

pigments. After the experimental 

investigations, the photovoltaic 

characteristics of the three cells are listed in 

Table 1. 

Table 1. Photovoltaic characteristics of three manufactured cells 

Solar cell 
Open 

circuit 

voltage, V 

Short circuit 

current density,  
2 mA/cm 

Fill 

factor,% 

Dye sensitized 

solar cell 

N719 

56/0  6/15  62 

Solar cell 

sensitive to 

Egyptian blue 

Dye 

55/0  28/2  63 

Solar cell 

sensitive to 

Egyptian blue 

dye and N719 

57/0  9/16  64 
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Targeted Identification of Biopolymer Sphingan Producers: RAPD-

PCR Analysis and the Development of Degenerate PCR Primers 
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Abstract— Sphingomonas strains are the main focus for producing various microbial polysaccharides such as welan, 

gellan, and diutan, all of which are based on sphingan. These substances and their different forms are commonly used 

in various fields, including medicine, food, and the petroleum industry. It is crucial to identify local strains in order to 

obtain high-yield strains. In this study, screening of indigenous Sphingomonas isolates obtained from environmental 

sources including soil and water was conducted using degenerate primers designed from the pgmG gene, along with 

RAPD-PCR technique. The strains were precisely identified by sequence analysis of the 16SrDNA region. The study 

found 44 bacterial isolates classified as gram-negative bacilli that showed positive results for the catalase test. The 

isolates were analyzed for RAPD patterns, which led to the identification of 14 subclusters with a similarity of 45%. 

The identification of ten distinct Sphingomonas strains was achieved through sequencing the 16SrDNA within these 

subclusters. The designed primers were assessed to determine the target band, revealing that all ten strains produced 

the expected band and have the ability to produce sphingan-based biopolymers. Combining PCR with degenerate 

primers and RAPD analysis provides a systematic and accurate method for carrying out epidemiological research on 

sphingomonas strains. 

Keyword: Sphingomonas identification, Cluster analysis, RAPD-PCR, MCA. 

INTRODUCTION 

The term "Sphingan" encompasses a wide 

range of extracellular polymers that are 

created by different strains of Sphingomonas. 

These include welan, gellan, rhamsan, diutan 

and sanxan. Their superior gelling 

characteristics make them ideal for 

applications within the medical, food, and 

chemical industries. Characterizing strains 

through advanced typing techniques is 

essential for accelerating microbial research 

and can be used to explore the functional 

metabolites produced by these strains [1]. 

Random amplified polymorphic DNA 

(RAPD) is a PCR technique that has been 

widely employed to differentiate between 

various strains of bacterial species. The 

RAPD technique offers a notable benefit in 

that it enables quick and straightforward 

identification, even without requiring prior 

knowledge of the organism's genomic DNA. 

[2]. Microbial genes that encode enzymes in 

the biosynthetic pathway of polysaccharides 

could serve as ideal biomarkers for directly 

identifying producers of such metabolites [3]. 

The phosphoglucomutase (PGM; EC 5.4.2.2) 

is crucial among the gellan biosynthetic 

enzymes. The work presented here aimed to 

create new degenerate primer sets for PCR 

specifically designed to target the pgm gene 

found in sphingan producers. 

METHODS 

Nutrient Broth culture medium was used to 

isolate bacteria from various sources of water 

and soil. The isolates were first identified 

according to their colonial appearance, gram 

staining results, positive catalase test, and 

negative indole reaction. 

Genomic DNA was extracted from cell 

cultures utilizing a DNA extraction kit 

(Qiagen, Germany) following the guidelines 

provided by the manufacturer. Degenerate 

primers were created from conserved areas of 

the phosphoglucomutase protein sequences 

found in databases (Sphingomonas 

paucimobilis ATCC 31461), designed using 

Primer Primier 5. The synthetic 

oligonucleotides included F (5`- 

AGAGTTTGATCCTGGCTCAG -3`) and R 

(5`- TACGGGTACCTTGTTACGACTT -

3`). 

The RAPD-PCR analysis employed the 

M13 primer. A phylogenetic tree was 

generated through UPGMA average cluster 

analysis utilizing NTSYS version 2.02. For 
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the sequencing of 16S rDNA, primers 27f and 

1492r were used. The PCR was set up to 

begin with an initial denaturation step at 94 

°C for 5 minutes, followed by 30 cycles of 

denaturation at 94 °C for 1 minute, annealing 

at 55 °C for 1 minute.  

RESULTS AND DISCUSSION 

A substantial level of genetic diversity was 

achieved from the resulting dendrogram of 

the various M13 profiles (Fig. 1). A total of 

fourteen notable groups were identified at the 

45% similarity threshold. In addition, 

multiple correspondence analysis (MCA) 

illustrated how bacterial isolates were 

distributed according to colony color, RAPD 

subclusters, and PCR bands generated by 

degenerated primers (Fig. 2). The F-test 

indicated that both the color of the colony and 

the PCR products obtained whit degenerated 

primers significantly affect (p≤0.05) the 

distribution of the isolated strains. 

As shown in the Fig. 2, F1 successfully 

separated the variables into two distinct 

clusters. The first cluster (located on the right 

side) consists of distinct strains identified by 

a positive degeneracy PCR band and a dark 

yellow colony. Additionally, it includes 

RAPD-PCR subclusters 3, 4, 5, and 13, 

suggesting a possible relationship between 

colony color and molecular characteristics. 

The analysis of 16S rDNA sequencing for 

these strains indicated that 91% of the isolates 

in this cluster have been identified as 

Sphingomonas species, known for their 

ability to produce sphingan biopolymers.  

This research aids in recognizing 

Sphingomonas strains by uncovering possible 

links between their morphology, genetic 

diversity, and the developed molecular 

marker. 

 

 
Fig. 1 UPGMA dendrogram generated based on the comparison of 

RAPD-M13 patterns for the 45 tested bacterial isolates 

 
Fig. 2 the Multiple correspondence analysis (MCA) for the studied 

variables concerning the selected bacterial isolates 
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Abstract— One of the common methods used in the field of protection is the application of nano-protective coatings 

made of paints, organic resins, plastics or noble metal films on equipment. In this research, the polyaniline-graphene 

nanocomposite coating was electrochemically coated on a copper electrode by cyclic voltammetry, and the corrosion 

resistance of copper substrates covered with polyaniline-graphene nanocomposite was measured using 

potentiodynamic polarization and electrochemical impedance spectroscopy methods in 5000 ppm of NaCl aqueous 

solution at room temperature. The results showed that the corrosion potentials in the presence of polyaniline-graphene 

nanocomposite were transferred to the anodic regions and electrochemical measurements of this coating protected 

copper against corrosion and protected up to 98% of copper in the condenser tubes of Ramin Power Plant. 

Keywords: Nanographene coating, polyaniline-graphene nanocomposite, Ahvaz Ramin Power Plant  

INTRODUCTION 

Copper has been one of the important 

materials in the industry owing to its high 

electrical and thermal conductivity, 

mechanical workability, and its relatively 

noble properties. It is widely used in many 

applications of electronic industries and 

communications as a conductor; also, it is 

used in electrical power lines, pipelines for 

domestic and industrial water utilities, heat 

conductors, and heat exchangers. Thus, 

corrosion of copper and improving the 

corrosion resistance of this metal in a wide 

variety of media has attracted the attention of 

researchers [1–5].In order to protect metal 

surfaces, use of conducting polymers as 

advanced coating materials has become one 

of the most exciting research fields in recent 

decades [6–8]. Therefore, the goals of 

synthesizing these  coatings as in metals  and 

evaluating  their corrosion protection 

properties have led to growing interest.A 

common method involves the application of 

protective coatings made from paints, organic 

resins, plastics, or films of noble metals on 

the structure itself (e.g., the coating on tin 

cans) [9]. These coatings form an impervious 

barrier between the metal and the oxidant but 

are only effective when the coating 

completely covers the structure. Flaws in the 

coating have been found to produce 

accelerated corrosion of the metal. Within 

coatingtechnology, there is increasing 

interest in the development of an efficient 

anticorrosive coating  that is able to replace 

the conventional inorganic anticorrosive 

pigments usually added to paints, which may 

have detrimental effects on both environment 

and health. Researchers have invented a 

revolutionary corrosion control system using 

conducting polymers in the last two decades 

[10]. Since DeBerry [11] reported that an 

electrochemically deposited polyaniline film 

could provide anodic protection for stainless 

steel, conductive polymers have been 

candidates for metal protection against 

corrosion [12–15]. Polyaniline is one of the 

most extensively investigated conducting 

polymers because of its good stability, low 

cost, low toxicity and valuable electronic 

properties.Polyaniline exhibit different 

chemical structures that are both pH and 

potential dependent [16]: leucoemeraldine 

base (LB: fully reduced form), 

leucoemeraldine salt (LS: fully reduced and 

protonated form), emeraldine base (EB: half-

oxidized form), emeraldine salt (ES: half-

oxidized and protonated form) and 

pernigraniline base (PB: fully oxidized form). 

The emeraldine form has excellent air and 
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thermal stability [17] and thus has been 

extensively studied for corrosion control 

either as a thin primer, pigment or coating on 

inorganic pigment. Anticorrosive effect of 

polyaniline has been explored for aluminum 

and aluminum alloys [18,19], mild steel [20], 

stainless steel [21,22], iron [23,24], 

copper[25] and other metals [26,27].Recent 

investigations have shown that the synthesis 

of polymers in the presence of nanoparticles 

can increase thepolymer surface area [28]. 

Over the last decade, nano-sized fillers have 

played an important role in improving the 

corrosion resistance and the thermal and 

mechanical properties of the coatings. 

Organic coatings have been employed to 

protect steel surfaces against mobile 

corrosion environments for a long time by 

introducing a barrier to prohibit ionic 

transport and electrical conduction. There are 

various reports about the improvement of 

coatings performance in such environments 

using nanoparticles as reinforcement such as 

TiO2 [29,30], SiO2 [31], ZnO [32], Fe2O3 

[33],carbon nanotube [34,35] and graphene 

[36].Graphene, which is a two-dimensional 

monolayer of sp2 bonded carbon, has been 

attracting increasing scientific and 

technological attention due to its outstanding 

mechanical, optical, thermal and electrical 

properties [37,38]. Graphene exhibits 

potential application in many fields such as 

sensors [39,40], nanoelectronics [41], 

electrode materials for electrochemical 

capacitors and lithium ion batteries [42]. 

RESULTS AND DISCUSSION  

3.1. Electrosynthesis  of  PANI/G 

nanocomposite  

 

Fig. 1 shows the CV of the 10 cycles in 

0.4 M sodium salicylate solution 

containing 0.2 M aniline and 0.01%w/w 

dispersed graphene. In the first anodic 

potential scan, the irreversible oxidation 

peak starting from about + 0.7 V 

corresponds to aniline oxidation and this 

oxidation process gives a start to the 

formation of the PANI film on the Cu 

surface [51]. The positive cycle of these 

voltammograms is characterized by: an 

anodic peak at the +0.7 V which has been 

attributed to the transformation of PANI 

from reduced leucoemeraldine (LE) state 

to the partially oxidized emeraldine (EM) 

and the conversion of emeraldine to fully 

oxidized pernigraniline (PF)form. This 

behavior can be explained. 

 

 
Fig. 2. Image of formation of the black 

layer PANI/G nanocomposite in the substrate 

Cu.in the following mode: it is well  known 

that  PANI/G nano- composite can exist in 

three different oxidation states, such as 

leucoemeraldine (fully reduced form), 

emeraldine (partially oxidized form) and 

pernigraniline (fully oxidized form). These 

forms of PANI/G nanocomposite are 

dependent on the applied potential. The 

reduction peak at -0.9 V is due to the 

transformation of PANI/G from emeraldine 

to leucoemeraldine state. Increases in the 

current of peak shows that the deposition 

thickness increases with cycles [1,52–57].It is 

clearly seen that the position of peak +0.7 V 

is shifted in anodic direction and the current 

density corresponding to this peak decreases 

gradually with the number of scans. At the 
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end of10 cycles, a dark green colored, 

uniform PANI/G film was synthesized on the 

Cu surface (Fig. 2). In order to examine the 

adhesion of the PANI/G nanocomposite 

coating over Cu substrates, the ASTM D 

3359 standard tape adhesion test was applied 

and the adhesion remaining (AR%) values of 

all the coatings exhibited above 95% without 

any failed regions, 5B, which implies good 

adhesive strength of PANI/G nanocomposite 

coating toward Cu surface [58]. 

3. 2.Characterization of nanocomposite 

coating  

3.2. 1.Electrochemical measurement  

Cyclic voltammogram of PANI/G 

nanocomposite, deposited on a Cu electrode, 

was recorded in an aqueous solution of 0.5 M 

sodium salicylate solution has shown in Fig. 

3. CV of PANI/G nano- composite exhibit 

one pairs of redox waves with the first one 

observed at E = 0.6 V indicating the 

transformation of leucoemer- aldine from to 

conducting emeraldine form and the second 

one at E = 1.2 V which is due to the 

conversion of emeraldine into the 

pernigraniline form. A pair of humps in the 

region of E = -1 V has been assigned to 

overoxidation products. This indicates that 

graphene layer influenced the 

electrochemical properties of polyaniline the 

intercalation favor a polymer with different 

properties as could evidence with this 

electrochemical technique. There is only a 

minor shift of the reduction peak associated 

with the  pernigraniline-emeraldine transition 

[59].  

3.2.2. Spectroscopic characterization 

Fig. 4 shows the UV–vis spectrum of 

graphene, PANI and PANI/G nanocomposite 

film. The characteristic peaks of the PANI/G 

nanocomposite doped by sodium salicylate 

appeared at 350 and650 nm,  which  was  

attributed  to  polaron-p* and p-

polarontransitions, respectively [60]. The 

spectrum of PANI/G nano- composite film 

was similar to that of the polyaniline [50], 

except that the absorbance intensity of the 

former was lower than that ofthe latter. In 

addition, the absorption peaks of the 

ppolarontransition of the two were broader 

and appeared at the high wavelength. This 

result indicated that the polyaniline of the two 

samples with high doping level was 

delocalized.  

 

 
Fig. 5 show the FTIR spectrum of graphene 

(a), polyaniline (b) and the PANI/G 

nanocomposite (c) film. The presence of the 

graphene sheets can be confirmed by the 

FTIR data, as shown in Fig. 5. The FTIR 

spectrum of graphene  

 
shows a strong absorption.band at 1620 

cm-1  due to aromatic C¼C as well as bands 

due to carboxy C--O 1420 cm-1  groups 

situate at the edges of the graphene 

nanosheets while the broadband at ca. 3300 

cm-1 can be due to the O--H stretching mode. 

This is in agreement with the reported data 

[61,62]. However, these absorption bands are 

decreased significantly  in the FTIR spectrum 

of the PANI/G nanocomposite film, 

indicating that most of the functional groups 

have been essentially removed by 

electrochemical reduction. As shown in  
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Fig. 5, the main peaks at 1570 and 1460 

cm-1 can be assigned to the stretching 

vibrations of quinoid and benzene rings, 

respectively. The peaks at 1292 and 1227 cm-

1 correspond to the C--N stretching vibration. 

The in-plane bending of C--H is reflected in 

the 1111 cm-1 peak. The peak at 790 cm-1 is 

attributed to the out-ofplane bending of C--H. 

All of the above peaks can be seen from a 

spectrum of  

PANI/G nanocomposite film, showing 

graphene is existent in the nanocomposite 

film [57]. 

 

3.2.3.XRD analysis 

The crystal structure of PANI/G 

nanocomposites was character- izeby Xray 

diffraction (XRD). The XRD pattern of 

PANI/G nanocomposites is shown in 

 
Fig. 6. The XRD patterns of PANI/G 

nanocomposite coating regarded to in the 

emeraldine salt form. Polyaniline has 

basically pseudo-orthorhombic crystal 

structure with chains parallel to the c-axis 

where the dopant ions are present at the 

central of the cell. The XRD pattern of 

polyaniline shows abroad peak at around  

35 u. This reflection is indexed to the (11 

0)plane and the ionomer decreases the order 

of the stacking formed by polyaniline chains 

and graphene. This could imply that the 

polyaniline on the surface of graphene sheet 

maintains a similar crystal structure to pure 

polyaniline [63].  

3.2.4. Thermal gravimetric analysis  

 
Fig. 7 depicts TGA thermogram in the air 

of neat polyaniline and PANI/G 

nanocomposite. The TGA curves show, as 

expected, that as graphene content adds the 

thermal stability of the composite is higher 

since graphene is significantly more stable 

than polyaniline. Furthermore, the addition of 

graphene also produces a char barrier effect 

that prevents oxygen from reaching the 

material and thus lowering the burning rate 

and increasing thermal stability [64,65]. 

3.3. Corrosion tests 

3.3.1. Potentiodynamic polarization 

studies 

 

Fig. 8 displays the typical potentiodynamic 

polarization curves obtained on uncoated and 

coated Cu substrates in 5000 ppm NaCl  

 
solution. The values of Ecorr, Icorr, 

corrosion rate (CR) and  
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Abstract— Bentonite, a versatile clay primarily composed of montmorillonite, beidellite, and cristobalite, has been 

utilized in Iran for centuries across various industries, including construction, drilling, and agriculture. Despite the 

country’s substantial bentonite reserves, particularly in regions such as southern Khorasan, Yazd, and Ghazvin, the 

industry faces significant challenges that hinder its development. This paper examines the key issues confronting the 

Iranian bentonite sector, including quality variability due to inconsistent mineral composition and contamination, 

extraction inefficiencies stemming from outdated mining techniques, and economic constraints exacerbated by 

international sanctions. Environmental concerns, such as land degradation and water resource management, further 

complicate the landscape. Additionally, fluctuating regulations and a lack of standardization create uncertainty for 

investors. However, opportunities for growth exist through investment in research and development, the 

implementation of sustainable practices, and the exploration of new markets. By addressing these challenges and 

leveraging its abundant resources, Iran can enhance its position in the global bentonite market, fostering economic 

development and innovation in this vital industry.  

Keyword: Bentonite, Iran, Challenges, Sustainable practices. 

INTRODUCTION  

Bentonite is a versatile clay, primarily 

composed of montmorillonite, beidellite, and 

cristobalite. It is widely used in various 

industries, including construction, drilling, 

and agriculture. Since ancient times, Iranians 

have known Bentonite by the names of 

colorremoving soil, mud, sap soil, and soapy 

clay, and they were familiar with some of its 

properties, including washing clothes and as 

a cleaning agent. Ibn Sina (preeminent 

philosopher) also mentioned this mineral as a 

brittle substance that dissolves well in water. 

In the past, in some parts of Iran, this 

substance was used as food, which is still very 

rare in some villages. From a medical point of 

view, these people have a habit of eating 

flowers due to calcium deficiency.  

Iran is endowed with substantial bentonite 

reserves, yet the sector faces numerous 

challenges that hinder its development. This 

paper aims to explore these challenges and 

propose potential solutions. 

IRANIAN BENTONITE  

Iran has several regions rich in bentonite 

deposits, including Yazd, southern Khorasan, 

and Ghazvin. Ferdows area in south 

Khorassan is known for high-quality deposits 

and Tabas in Yazd contains significant 

reserves but with varying quality.  

Bentonite export is considered a profitable 

business due to the popularity of this product 

in the world markets. Bentonite is considered 

a profitable compound for export because it is 

produced in high volumes in Iran (Figs. 1 and 

2).  

  
Fig. 1 Trade value of Iranian bentonite exports in 2023 (based on 

1000 USD) [1].  
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Fig. 2 Quantity of Iranian bentonite exports in 2023 [1].  

Iranian bentonite is high absorbency, 

plasticity, and cation exchange capacity. 

Iranian bentonite is utilized in various 

sectors, including oil and gas, foundry, and 

environmental.  

CHALLENGES FACING THE  

IRANIAN BENTONIT INDUSTRY  

- Quality variability  

Inconsistent composition: Variations in 

mineral content across deposits can affect 

performance.  

Contamination: The presence of impurities 

can limit applications.  

- Extraction and mineral processing issues  

Mining techniques: inefficient practices 

lead to quality degradation. Open pit mining 

and selective mining are the most common 

method for extracting bentonite.  

Processing limitations: lack of advanced 

technology hampers product refinement.  

- Economic and market factors  

Composition: Iranian bentonite faces 

competition from global suppliers.  

Sanctions: Economic restrictions limit 

access to international markets.  

- Environmental concerns  

Land degradation: mining activities can 

lead to environmental damage.  

Water usage: Processing requires 

significant water resources, impacting local 

availability.  

- Regulatory and policy issues  

Inconsistent regulations: Fluctuating 

polices create uncertainty for investors.  

Lack of standardization: absence of quality 

assurance protocols affects product 

consistency.  

OPPORTUNITIES FOR GROWTH  

-Investment in R&D  

Innovative applications: Research can lead 

to new uses for bentonite in various 

industries.  

Quality improvement: Developing better 

extraction and processing techniques can 

enhance product quality.  

- Sustainable practices  

Environnemental management: 

implementing satinable mining practices can 

mitigate environmental impact.  

Water conservation: Employing 

waterefficient processing methods can 

address resource scarcity.  

- Market expansion  

Diversification: Exploring new markets 

and applications can increase demand for 

Iranian bentonite.  

International collaboration: Partnerships 

with foreign companies can enhance 

technology transfer and market access.  

CONCLUSIONS  

Iranian bentonite has significant potential 

due to its abundant reserves and diverse 

applications. However, to capitalize on these 

opportunities, the industry must address the 

challenges of quality variability, extraction 

inefficiencies, and market competition. By 

investing in research, adopting sustainable 

practices, and enhancing regulatory 

frameworks, Iran can position itself as a 

competitive player in the global bentonite 

market. 
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