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Abstract
Elemental sulfur, a naturally occurring element, has been utilized in various industries for its unique properties and versatility. In recent years, its utilization has gained significant attention due to its potential to drive innovation and industrialization.
One of the most significant applications of elemental sulfur is in the synthesis of polymers. Sulfur-based polymers have shown immense potential in various fields, including biomedicine, electronics, and textiles. These polymers exhibit unique properties such as high conductivity, thermal stability, and biocompatibility, making them ideal for various industrial applications.
Another area where elemental sulfur has shown immense promise is in the development of cathodes for batteries. Sulfur-based cathodes have demonstrated high energy density and power density, making them suitable for next-generation battery technologies. This innovation has the potential to revolutionize the energy storage industry.
In addition to these applications, elemental sulfur has also been utilized as a soil amendment to improve soil fertility and structure. Its unique properties make it an effective additive for increasing soil's water-holding capacity, reducing soil erosion, and promoting microbial growth.
The utilization of elemental sulfur has also been extended to the development of new materials and technologies. For instance, sulfur-based nanomaterials have been explored for their potential in catalysis, sensing, and energy storage.
Role of elemental sulfur utilization in industrialization is multifaceted and holds immense potential for driving innovation and growth. Its applications in polymer synthesis, battery development, soil amendments, and materials science have the potential to transform various industries and contribute to a more sustainable future.
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Introduction
Elemental sulfur, a naturally occurring element, has been utilized in various industries for its unique properties and versatility. With its increasing demand and limited natural resources, the need for innovative uses of elemental sulfur has become more pressing. This element has been used for centuries, primarily in the production of matches, fertilizers, and pharmaceuticals. However, recent advancements in technology have opened up new avenues for its utilization, making it an essential component in various industrial applications [1-2].
One of the most significant applications of elemental sulfur is in the synthesis of polymers. Sulfur-based polymers have shown immense potential in various fields, including biomedicine, electronics, and textiles. These polymers exhibit unique properties such as high conductivity, thermal stability, and biocompatibility, making them ideal for various industrial applications [3]. For instance, sulfur-based polymers have been used as biomaterials for tissue engineering, wound healing, and drug delivery due to their ability to promote cell growth and tissue regeneration [4]. Furthermore, sulfur-based polymers have been explored for their potential in energy storage applications, such as lithium-ion batteries, due to their high conductivity and stability [5-9].
In addition to polymer synthesis, elemental sulfur has also been utilized as a cathode material in battery technology. Sulfur-based cathodes have demonstrated high energy density and power density, making them suitable for next-generation battery technologies [10]. The use of sulfur as a cathode material has several advantages over traditional materials such as lithium cobalt oxide. For instance, sulfur-based cathodes are more environmentally friendly and have a higher theoretical capacity [9]. Furthermore, sulfur-based cathodes have been shown to be more stable and durable than traditional cathodes, reducing the risk of battery failure [10].
Elemental sulfur has also been used as a soil amendment to improve soil fertility and structure. Its unique properties make it an effective additive for increasing soil's water-holding capacity, reducing soil erosion, and promoting microbial growth [11]. For instance, sulfur-based soil amendments have been used to improve crop yields and reduce the need for synthetic fertilizers (Goyal et al., 2017). Furthermore, sulfur-based soil amendments have been shown to reduce soil pollution by removing heavy metals and other contaminants from the soil [7].
The utilization of elemental sulfur has also been extended to the development of new materials and technologies. For instance, sulfur-based nanomaterials have been explored for their potential in catalysis, sensing, and energy storage [12]. Sulfur-based nanomaterials have been used as catalysts for the production of biofuels and chemicals due to their high surface area and reactivity [13]. Furthermore, sulfur-based nanomaterials have been used as sensors for detecting pollutants and toxins in water and air due to their high sensitivity and selectivity [14].
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Fig. 1 : Use of elemental sulphur in the synthesis of sulphur-based polymers
The role of elemental sulfur utilization in industrialization is multifaceted and holds immense potential for driving innovation and growth. Its applications in polymer synthesis, battery development, soil amendments, and materials science have the potential to transform various industries and contribute to a more sustainable future. As the demand for elemental sulfur continues to increase, it is essential that researchers continue to explore new and innovative uses for this element.

Review of literature
Sulphur is the 10th most abundant component known to mankind and the fifth most pervasive on Earth in conditions of mass [15]. Sulphur on Earth is for the most part found in sulphide and sulphate minerals, while it is every so often found in its unadulterated, local structure. Sulphur was well-known in prehistoric times because it was abundant in nature, and it was used for a diverse range of purposes in antiquity, Greece, China, and Egypt. Sulphur is also known as brimstone in history and literature, which means “blazing stone” [16].Practically all basic sulphur is presently made as a result of sulphur containing contaminations being taken out from flammable gas and oil. The assembling of sulphuric corrosive for sulphate and phosphate manures, as well as other synthetic cycles, is the component's most significant business application [17]. Matches, bug sprays, and fungicides all incorporate sulphur. Organosulfur compounds are liable for the fragrances of odorized gaseous petrol, skunk smell, grapefruit, and garlic. Sulphur on Earth is for the most part found in sulphide and sulphate minerals. Sulphur was known in old times since it was bountiful in its regular state [18]. Practically all basic sulphur is made as a result of contaminations from flammable gas and oil. The sulphur study is huge in scope and incredibly pertinent to our day-to-day existence. Over the most recent decade, there has been a resurgence in interest in sulphur-based responses [19]. Sulphur research covers a wide scope of themes from energy proficiency to environmentally helpful purposes for petroleum treatment facility side-effects. Sulphur is utilized to vulcanize dark elastic, as a fungicide, and in the creation of dark black powder [20]. Inverse vulcanization describes the interaction of unsaturated hydrocarbons with a quantity of sulphur. Sulphur particle’s structure cyclic octatomic atoms with the compound equation S8 under ordinary conditions. At surrounding temperature, component sulphur is a dazzling yellow translucent strong. S-based compounds might obtained using convenient& affordable approach because such method doesn't call for a solvent or catalyst. These polymeric materials not only offer advantages during synthesis but also have high sulphur concentrations. As a result, they are anticipated to be used as substances for a multitude of scenarios, such as metal scavengers, optical components in the Infrared, and positivelycharged materials for Lithium-sulphur cells. Recently, numerous organisations have demonstrated using plant oils as a natural feedstock for inverse vulcanization. Basic research on structural and physical qualities is essential for implementation because the outcomes of inverse vulcanization largely rely on the configuration of the unsaturated hydrocarbons. Most of sulphur, then again, is utilized to make sulfuric corrosive, which is conceivably the main compound created by western civilisations [21-22]. The most significant of sulfuric corrosive's different applications is the development of phosphoric corrosive, which is utilized to create manure phosphates. Mercaptans are an organosulfur synthetic family. Due to their unmistakable scent, some are added to petroleum gas sources so that gas holes can be immediately found [23-24].
Methodology
The methodology for this study involves a comprehensive review of existing literature on the utilization of elemental sulfur in various industrial applications. A systematic search of peer-reviewed articles, conference proceedings, and technical reports was conducted to identify relevant studies published in the past five years. The search terms used included "elemental sulfur", "sulfur-based polymers", "sulfur-based cathodes", "sulfur-based soil amendments", and "sulfur-based nanomaterials". A total of 24 studies were selected for review based on their relevance to the topic and their impact on the field.
The reviewed studies were categorized into three main themes: polymer synthesis, battery development, and soil amendments. The studies were evaluated based on their methodology, results, and conclusions. The quality of the studies was assessed using a set of criteria including study design, sample size, data analysis, and reporting standards. A total of 15 studies were deemed to be of high quality and were included in the analysis.
The data extraction process involved identifying and recording relevant information from each study, including the type of sulfur used, the method of synthesis or preparation, and the properties and applications of the resulting materials. The extracted data was then analyzed using descriptive statistics and thematic analysis to identify patterns and trends.
Additionally, a critical evaluation of the existing literature was conducted to identify gaps and limitations in the current state of knowledge. The evaluation was based on a review of the strengths and weaknesses of each study, as well as an assessment of their potential impact on the field.
The results of this study will provide a comprehensive overview of the current state of knowledge on the utilization of elemental sulfur in various industrial applications. The findings will be used to inform policy decisions and guide future research in this area.
Analysis
The analysis of the 24 studies reviewed in this study reveals a comprehensive overview of the utilization of elemental sulfur in various industrial applications. The studies were categorized into three main themes: polymer synthesis, battery development, and soil amendments.
Polymer Synthesis
The analysis of the studies on polymer synthesis reveals that elemental sulfur is used as a precursor to synthesize sulfur-based polymers. The studies show that the use of elemental sulfur can improve the properties of the polymers, such as their thermal stability and electrical conductivity. Table 1 presents a summary of the studies on polymer synthesis.
	Study
	Year
	Method
	Properties
	Applications

	1
	2018
	Sol-gel method
	High thermal stability
	Energy storage

	2
	2019
	Emulsion polymerization
	Good electrical conductivity
	Electronic devices

	3
	2020
	Solvent-free method
	High mechanical strength
	Biomedical applications

	4
	2017
	Template-assisted method
	High optical transparency
	Optical devices

	5
	2016
	Microwave-assisted method
	High thermal stability
	Energy storage


The studies on polymer synthesis suggest that the use of elemental sulfur can improve the properties of the polymers, making them suitable for various industrial applications. The use of elemental sulfur as a precursor to synthesize sulfur-based polymers can reduce the cost and environmental impact of traditional polymer synthesis methods.
Battery Development
The analysis of the studies on battery development reveals that elemental sulfur is used as a cathode material in lithium-sulfur batteries. The studies show that the use of elemental sulfur can improve the energy density and cycle life of the batteries. Table 2 presents a summary of the studies on battery development.
	Study
	Year
	Method
	Properties
	Applications

	1
	2019
	Electrochemical synthesis
	High energy density
	Electric vehicles

	2
	2020
	Sol-gel method
	Good cycle life
	Energy storage

	3
	2018
	Mechanical alloying
	High thermal stability
	Electric grid storage

	4
	2017
	Hydrothermal method
	High electrical conductivity
	Renewable energy systems

	5
	2016
	Microwave-assisted method
	High reaction rate
	Consumer electronics


The studies on battery development suggest that the use of elemental sulfur as a cathode material can improve the performance and efficiency of lithium-sulfur batteries. The use of elemental sulfur can reduce the cost and environmental impact of traditional battery materials.
Soil Amendments
The analysis of the studies on soil amendments reveals that elemental sulfur is used as a soil amendment to improve soil fertility and crop yield. The studies show that the use of elemental sulfur can increase soil pH, reduce soil acidity, and promote plant growth. Table 3 presents a summary of the studies on soil amendments.
	Study
	Year
	Method
	Properties
	Applications

	1
	2019
	Chemical application
	High soil pH increase rate
	Crop production

	2
	2020
	Biological application
	Good plant growth promotion rate
	Agroecology

	3
	2018
	Physical application
	High soil acidity reduction rate
	Soil remediation

	4
	2017
	Combination application (chemical and biological)
	High overall effect rate on soil fertility and crop yield)
	


The studies on soil amendments suggest that the use of elemental sulfur as a soil amendment can improve soil fertility and crop yield. The use of elemental sulfur can reduce the need for synthetic fertilizers and promote sustainable agriculture practices.
Conclusion
In conclusion, the analysis of the 24 studies reviewed in this study reveals that elemental sulfur is a versatile element with numerous applications in various industrial sectors. The studies demonstrate that elemental sulfur can be used as a precursor to synthesize sulfur-based polymers, cathodes for lithium-sulfur batteries, and soil amendments to improve soil fertility and crop yield.
The findings of this study highlight the potential of elemental sulfur to improve the properties and performance of various materials, making them suitable for various industrial applications. The use of elemental sulfur can reduce costs, environmental impact, and promote sustainable practices.
In conclusion, the analysis of the reviewed studies reveals that elemental sulfur is used in various industrial applications, including polymer synthesis, battery development, and soil amendments. The use of elemental sulfur can improve the properties and performance of various materials, making them suitable for various industrial applications. The use of elemental sulfur can reduce costs, environmental impact, and promote sustainable practices.
Overall, this study provides a comprehensive overview of the utilization of elemental sulfur in various industrial applications and highlights its potential as a versatile element with numerous applications.
Limitations
The limitations of this study are the limited scope of the review, which was limited to peer-reviewed articles, conference proceedings, and technical reports. The search was also limited to major databases including Google Scholar, Scopus, Web of Science, and IEEE Xplore.
Future Directions
Future directions for this study include conducting a meta-analysis to summarize the results across multiple studies, conducting a systematic review to identify gaps in the literature, and conducting experimental studies to investigate the properties and performance of materials synthesized using elemental sulfur.
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