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ABSTRACT
The intensifying environmental burden posed by synthetic polymers, particularly low-density polyethylene (LDPE), has emerged as a critical global concern due to its persistence and ecological impact. This study presents the synthesis of a novel LDPE–chitin composite as a sustainable alternative, offering enhanced biodegradability and environmental compatibility. Chitin, a renewable, biodegradable biopolymer derived from crustacean shell waste, exhibits notable tensile strength, biocompatibility, and antimicrobial activity. Following extraction via demineralisation and deproteinisation, chitin was incorporated into thermally softened LDPE in varied proportions.
Of the three formulations developed, the composite comprising 20% chitin and 80% LDPE (Sample A) demonstrated superior physical attributes, including reduced density (0.230 g/cm³), high water retention capacity (0.945), and moderate hardness (25 D). Scanning electron microscopy revealed a coarse, porous microstructure indicative of successful chitin dispersion within the polymer matrix, while energy-dispersive X-ray spectroscopy confirmed the presence of key organic and inorganic elements, substantiating chitin integration.
This investigation underscores the potential of LDPE–chitin composites in environmentally responsible packaging applications. Beyond diminishing reliance on petroleum-derived polymers, this approach valorises seafood industry waste and aligns with the principles of the circular economy. The integration of chitin within LDPE represents a significant advancement in the pursuit of sustainable polymeric materials and plastic pollution mitigation.
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INTRODUCTION 
The thermoplastic polymer known as Low-Density Polyethylene (LDPE) is made from the monomer ethylene. LDPE is distinguished by its low density (about 0.910–0.940 g/cm³), good flexibility, resilience to chemicals, and superior insulating qualities. Because of these qualities, it is a material of choice for many industries, particularly construction, agriculture, and packaging (Malpass and Victoria 2010). The distinctive flexibility and durability of LDPE are attributed to its distinct molecular structure, which includes substantial branching. Because of its resistance to both concentrated and diluted acids, alcohols, bases, and esters, it can be used in chemical industry tubing and containers (Noh 2022). Its low water absorption and good weatherability further enhance its applicability in outdoor environments.
LDPE's main use is in the packaging sector, where it is employed to make plastic containers, bags, and films. About 30% of LDPE produced in India is used to make packaging films, meeting the rising demand from industries such as dairy, poultry, and baked goods(Urm et.al., 2023) Furthermore, LDPE is used to make toys, agricultural films, squeeze bottles, and coatings for cardboard and paper goods (Liang et.al., 2021). In the construction industry, LDPE is employed for making pipes, geomembranes, and vapor barriers due to its durability and resistance to moisture. The automotive sector utilizes LDPE for manufacturing dashboards and interior panels, capitalizing on its lightweight and impact-resistant properties(Spalding and Chatterjee 2017). Furthermore, LDPE's chemical resistance makes it suitable for medical packaging and disposable medical products in the healthcare industry. 
LDPE constitutes a major component of plastic waste, particularly in the form of single-use plastic bags, wrappers, and films. Its lightweight and flexible nature make it susceptible to wind dispersal, contributing to land, marine, and freshwater pollution globally (Hopewell et.al, 2009). 
The resilience of LDPE pollution to natural degrading processes is one of the biggest problems. Because LDPE takes hundreds of years to break down in the environment, it builds up in landfills and natural ecosystems (Andrady 2011). When exposed to ultraviolet (UV) light over this extended persistence, LDPE photodegrades, breaking down plastic into microplastics, which are tiny plastic particles smaller than 5 mm. Because aquatic organisms can consume these microplastics, plastic-associated toxins can bioaccumulate and biomagnified throughout the food chain, posing serious ecological risks (Browne et.al., 2008). LDPE pollution poses a special threat to marine environments. LDPE's low density causes it to float on water surfaces, increasing the likelihood that marine animals including fish, seagulls, and turtles will consume it. This can frequently result in intestinal blockage, hunger, or death (Derraik 2002). Moreover, invasive marine species and persistent organic pollutants (POPs), such polychlorinated biphenyls (PCBs), are transported by LDPE trash and adsorb onto plastic surfaces before entering marine food webs (Teuten et.al., 2009). It is challenging to forecast how much garbage will be dumped into the oceans each year, though. Globally, countless enormous pieces of plastic debris referred to as microplastics in this report of ENVIRONMENTAL RISKS OF MICROPLASTICS are building up in marine environments and might linger for generations. The scope of the issue can be estimated using data from various monitoring initiatives, educational workshops, etc (Gorycka 2009). 
Particularly in developing nations, LDPE waste is frequently seen as litter in both urban and rural settings, contributing to visual pollution and blocking drainage systems. For example, in India, inappropriate LDPE bag disposal has obstructed stormwater drains during monsoon seasons, resulting in urban flooding (Hossain et.al. 2022).
LDPE is commonly utilized as mulch films in agricultural contexts. These films can degrade into soil microplastics if improperly handled, which would have a negative impact on agricultural yield, microbial populations, and soil structure (Yang et.al, 2018). Carbon monoxide, volatile organic compounds, and dioxins are among the harmful gasses released during the incineration and open burning of LDPE garbage, which is frequently done in areas without adequate waste management infrastructure. Human health is seriously endangered by these toxins, which can cause cancer, hormone imbalances, and respiratory ailments (Verma et.al., 2016). Furthermore, soil and water contamination are made worse by the leaching of chemical additives like plasticizers and stabilizers used in the manufacture of LDPE (Lithner et.al., 2011).
Because to contamination, economic impracticability, and technical challenges related to thin-film separation and cleaning, LDPE recycling is still restricted. The global recycling rate for LDPE is still shockingly low, even though several wealthy countries have set up mechanical recycling processes. Because of this, the majority of LDPE produced ends up in landfills or the environment, which feeds the cycle of environmental deterioration (Janbeck et.al., 2015).
A variety of strategies, such as behavioural adjustments, technology advancements, and legislative interventions, are used in the fight against LDPE pollution. To reduce the usage of LDPE, governments all around the world have imposed taxes or banned single-use plastic bags. However, public awareness and enforcement strategies have a major role in how effective such policies are (Nielsen et.al., 2020). Additionally, research is being done to create biodegradable substitutes for LDPE, such as polylactic acid (PLA) or starch-based polymers, albeit these substitutes currently have issues with cost and performance (Emadian et.al., 2017).
In conclusion, because of its enduring nature, extensive use, and poor disposal methods, LDPE contamination represents a serious risk to both human health and the environment. It will take coordinated efforts from policy, research, industry, and society to address this challenge. Reducing the ecological impact of LDPE and moving toward a more circular and sustainable plastic economy require improved recycling technology, public education, efficient waste management systems, and the promotion of sustainable alternatives.
Biopolymers have become essential substitutes for synthetic polymers in the continuous search for sustainable materials and ecologically conscious methods because of their biodegradability, biocompatibility, and renewability. Among these, chitin, a naturally occurring polysaccharide, is highly valued because of its many uses and accessibility. Second only to cellulose in terms of biopolymer abundance, chitin is essential to the structural integrity of many organisms, including molluscs, fungi, arthropods (such as insects and crustaceans), and certain algae (Rinoudo 2006, Elieh-Ali-Omi et.al., 2016) 
It is mostly found in these creatures' cell walls and exoskeletons, where it functions as a strong structural and defensive element. Chemically speaking, chitin is made up of N-acetyl-D-glucosamine units connected by β-(1→4) glycosidic linkages; it resembles cellulose in structure but has different biological and physicochemical properties (Minke and Blackwell 1978).
According to reports Agriculture Organization of the United Nations Fisheries Department. (2018), 178 million tons of seafood were produced worldwide in 2020, with shellfish accounting for about 40.5 million tons, or 25% of the total seafood industry. Notably, 20–40% of shellfish waste is composed of chitin, a naturally occurring biodegradable polymer (Nirmal et.al., 2024). The market for chitin and chitosan has grown due to its use in pharmaceutical and culinary applications; in 2020, it was valued at $42.29 billion. Furthermore, an expected market value of $69.297 billion by 2028 is suggested by a projected growth rate of 5.07% from 2021 to 2028 (Espinales et.al, 2023). Approximately 1 × 1011 tons of chitin are currently produced on an industrial scale from fishing trash, offering a very efficient method of handling shellfish waste with significant financial benefits(Triunfo et.al., 2022). Shell debris is frequently combined with municipal solid garbage, which makes recycling more difficult and increases the amount of waste that ends up in landfills. Given the vast range of industrial uses for chitin, this mismanagement not only degrades the environment but also represents a substantial loss of economic value. The development of circular waste-management models is hampered, especially in poor countries, by the absence of standardized processing units, affordable extraction technology, and supportive policy frameworks (Yadav et.al., 2019). Therefore, turning seafood shell waste from a pollution into a sustainable and lucrative resource through efficient collection, segregation, and valorisation systems is a challenge that both India and the rest of the world must overcome. 
 It is hypothesised that the incorporation of chitin, a biodegradable and naturally abundant polysaccharide, into low-density polyethylene (LDPE) will significantly enhance the composite’s environmental compatibility without compromising its essential mechanical properties. The rationale for selecting this research topic stems from the urgent global imperative to address the environmental persistence of synthetic polymers, particularly LDPE, which is widely used yet notoriously resistant to degradation. Given the escalating plastic pollution crisis and the limited success of existing recycling and biodegradation strategies, this research explores a novel waste-to-resource approach. Chitin, primarily derived from crustacean shell waste, not only offers a renewable alternative to petroleum-based fillers but also contributes to waste valorisation from the seafood industry. By reinforcing LDPE with chitin, this project aims to develop a sustainable composite material that aligns with circular economy principles, reduces ecological footprints, and provides a practical solution for single-use plastic applications. The selection of this project is thereby grounded in both ecological necessity and the potential for scalable, environmentally responsible innovation in polymer science.
MATERIAL AND METHODS 
TREATMENT TO LDPE BEFORE USED IN EXPERIMENT  
The collected LDPE trash was allowed to air-dry at room temperature after being properly cleaned with distilled water to get rid of any dirt or surface impurities. Subsequently, the films were manually chopped into smaller pieces to enable further thermal processing.
 PREPARATION OF CHITIN FROM CRAB SHELL
The two main steps in the preparation process of chitin was deproteinization, and demineralization. The shells of Scylla serrata crab were collected from the local market of Kalyan. The shells were cleaned extensively to get rid of contaminants before being dried. A  1 M Hydrochloric acid (HCl) solution is used to demineralize the dried material, removing calcium carbonate and other inorganic substances at 80 O C for 24hrs. Thereafter, the protein content of the shells is eliminated by deproteinization using a 1 M Sodium hydroxide (NaOH) solution 80OC for 24 hrs. Purified chitin can be obtained by washing the resultant solid to neutrality (Younes et.al., 2015). Chitin obtained was then dried in oven for 2-3 hours at 1000C. To reduce its particle size chitin was powdered using N Saw ball mill for 24 hours.
PREPARATION OF COMPOSITE
  Three different composites of Chitin –LDPE were prepared and named as Sample A containing 4.0 g LDPE and 1.0 g  Chitin (LDPE  : Chitin Ration 80% : 20%), Sample B containing 3.5 g of LDPE and 1.5 g of Chitin (LDPE  : Chitin Ration 70% : 30%) and Sample C 3.0 g LDPE with Chitin 2.0 g (LDPE  : Chitin Ration 60% : 40%) and.  Chitin fine particles were progressively added with continuous manual mixing to guarantee even dispersion after LDPE fragments were thermally softened on a hot plate (~130–150 °C) (Nanda et.al., 2024).
Two linked L-shaped chunks of stainless steel were used to create metallic square moulds into which the molten liquid was poured. Prior to testing, hardened samples were demoulded and kept in desiccators to stop moisture absorption after they had cooled to room temperature. 
All three samples composite formulations' were observed visually for homogeneity of nanoscale chitin particles within the LDPE matrix.
For each of the three samples of composite formulations were made in five replicates. Only a Sample A was chosen for final characterization and analysis based on visual homogeneity and mass loss during synthesis based on low mass loss  while preparation as  0.63 g of mass every 5.00 g of total mass, as opposed to 0.74 g for Sample B and 0.98 g for Sample C.
Before undergoing analysis, all composite specimens were subjected to conditioning under standardised environmental parameters—specifically at 23 ± 2 °C temperature and 50 ± 5% relative humidity—for 48 hours to ensure sample consistency. Following this equilibration, a comprehensive suite of characterisation procedures was conducted to assess their physicochemical and functional attributes. The density of each specimen was measured using the gravimetric method, consistent with established protocols in previous studies (Santos et.al., 2022 , Parameter and Code: Density I-1312-85 (g/mL at 20°C): 71820 https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://nemi-test.er.usgs.gov/methods/method_pdf/5648/&ved=2ahUKEwijxIm31deOAxX7XmwGHWN7B7oQFnoECCAQAQ&usg=AOvVaw1YZRMTl4IsYqyvzbuodY1M ). The melting temperature was determined using a digital melting point apparatus, with the onset of softening identified as the characteristic transition point (Zhang et.,al., 2013). The percentage mass loss incurred during synthesis was computed by deducting the final weight of the composite from the initial 5.0 g input.
To estimate the water holding capacity, samples were immersed in distilled water for 24 hours, gently blotted to remove surface moisture, and the percentage increase in weight was computed accordingly (Ali et. al., 2018). The moisture content was quantified using a digital moisture meter (Model: [insert model if available]). Transparency and colour were examined visually under standardised lighting conditions. The surface hardness was evaluated using a Shore D durometer in accordance with ASTM D2240 guidelines (https://doi.org/10.1520/D2240-15E01 ) Lastly, electrical surface resistivity was measured using a digital megger meter (MECO, India) at an applied voltage of 500 V DC, following the ASTM D257 standard protocol (https://doi.org/10.1520/D0257-14).  Electrodes were positioned on opposing faces of the specimen, and the measured resistance was subsequently converted into surface resistivity using standardised formulae.
The surface morphology of the selected sample A composite was investigated using Scanning Electron Microscopy (SEM) to evaluate the distribution of particles and interfacial features. SEM analysis was performed at ICON Lab, Navi Mumbai. The elemental composition was subsequently determined through Energy Dispersive X-ray Spectroscopy (EDX), also conducted at the same facility. Both SEM and EDX are well-established techniques extensively utilised for characterising the surface architecture and interfacial interactions in nanocomposite materials (Young et.al.,2012).  

RESULTS AND DISCUSSION 
Sample A was selected for final characterisation and analysis owing to its superior visual homogeneity and relatively lower mass loss during synthesis. Specifically, Sample A exhibited a mass loss of only 0.63 g per 5.00 g of initial material, in contrast to 0.74 g for Sample B and 0.98 g for Sample C. The Sample A has LDPE to Chitin Ration (80%:20% W/W) found to be most suitable candidate as it was best homogeneity , resist the thermal decomposition and better hardness properties. 
According to Adelaja and Daramola (2022) LDPE-chitin naopartical has good biodegradation efficiency and rate improved at 20% CHNP. 

Fig. 1. Synthesized LDPE-Chitin composite
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Table: 1 Physical properties of LDPE-CHITIN Sample A composites
	Sr. No.
	PROPERTIES
	LDPE-CHITIN Sample A

	1. 
	Density
	0.230 g/cm3

	2. 
	Melting point
	180 OC

	3. 
	Water holding capacity
	1.13%  

	4. 
	Moisture content
	0 %

	5. 
	Mass loss while preparing
	0.633 g/5g

	6. 
	Transparency
	Opaque

	7. 
	Colour 
	Brown

	8. 
	Hardness 
	25 D



The LDPE–Chitin composite, as presented in Table 1, exhibits a distinct set of physical and chemical characteristics indicative of successful blending and structural modification. The density of the composite was recorded at 0.230 g/cm³, significantly lower than that of pure LDPE, suggesting the effective incorporation of low-density chitin and the formation of a lightweight matrix. The melting point of the material was observed to be 180 °C, reflecting the thermal properties contributed by LDPE while indicating thermal stability upon chitin addition.
A notably high water holding capacity of 0.945 was observed, highlighting the hydrophilic nature imparted by chitin, which is known for its capacity to retain moisture. The composite also exhibited a mass loss of 0.633 during preparation, which may be attributed to moisture evaporation and the loss of volatile constituents during thermal blending. However, moisture content was not determined in this evaluation and remains to be quantified.
Visually, the composite appeared opaque with a characteristic brown colour, attributed to the natural pigmentation of chitin and the interaction between the polymeric phases. The surface hardness was measured as 25 D on the Shore D scale, indicating moderate rigidity and durability suitable for flexible applications.
These results suggest that the integration of chitin into the LDPE matrix alters key structural and functional parameters of the composite, paving the way for its potential application in eco-friendly packaging and biodegradable plastic alternatives.



Fig. 2  Scanning Electron Microscopy of LDPE – Chitin Sample A Composite
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The surface morphology of the LDPE–Chitin composite was examined using scanning electron microscopy (SEM) at a magnification of 8000×, as shown in Figure 2. The SEM micrograph reveals a heterogenous  and irregular surface topography with a granular texture, indicative of successful incorporation of chitin particles within the LDPE matrix. The absence of cracks or severe discontinuities implies that the composite retains mechanical integrity, despite the phase homogeneity. However, SEM micrographs reveal that the LDPE – Chitin plasticized systems exhibit a comparatively more uniform surface morphology than the unplasticized counterparts at a chitosan loading of 10 wt.%. (Sunilkumar et.al., 2012). 
The microstructural features suggest that the addition of chitin modifies the surface morphology of LDPE, potentially enhancing biodegradability and hydrophilic behaviour, as supported by the water-holding capacity data.  According to Reesha et al. (2015), in chitosan-incorporated films, the hygroscopic nature of the chitosan layer functions as a water reservoir on the polyethylene surface, thereby significantly enhancing the material’s water vapour permeability.
These morphological characteristics support the physicochemical findings and further confirm the successful fabrication of the LDPE–Chitin composite with potential application in sustainable material development.
Table 2 EDX-Based Elemental Profile of LDPE–Chitin composite
	Element
	Weight %
	Atomic %
	Net Intensity
	R
	A
	F

	C K
	51.6
	64.2
	446.2
	0.9195
	0.1411
	1.0000

	N K
	2.1
	2.2
	8.5
	0.9248
	0.0346
	1.0000

	O K
	29.3
	27.4
	293.1
	0.9290
	0.0639
	1.0000

	Mg K
	0.3
	0.2
	21.3
	0.9429
	0.4044
	1.0042

	Al K
	0.2
	0.1
	20.9
	0.9459
	0.5470
	1.0072

	Si K
	0.7
	0.4
	83.8
	0.9487
	0.6682
	1.0108

	P K
	0.4
	0.2
	40.7
	0.9514
	0.7578
	1.0170

	S K
	0.3
	0.2
	27.7
	0.9540
	0.8258
	1.0256

	K K
	0.3
	0.1
	26.5
	0.9610
	0.9353
	1.0881

	Ca K
	8.2
	3.1
	542.2
	0.9632
	0.9515
	1.0401

	Ti K
	5.3
	1.7
	284.1
	0.9673
	0.9486
	1.0323

	Fe K
	1.3
	0.3
	43.2
	0.9751
	0.9754
	1.0652


R - Relative Sensitivity Factor (or K-ratio correction)
A -  Absorption Correction Factor 
F -  Fluorescence Correction Factor
MDL -  Minimum Detection Limit
The elemental composition of the LDPE–Chitin composite was determined using EDX spectroscopy, and the results are presented in Table 2. The spectrum revealed the presence of several key elements associated with both LDPE and chitin, confirming the successful integration of the biopolymer within the polymeric matrix. The composite exhibited a high carbon (C) content of 51.6 wt% (64.2 at%), characteristic of the hydrocarbon backbone of LDPE and the organic structure of chitin. A substantial oxygen (O) content of 29.3 wt% (27.4 at%) was also observed, primarily attributed to the oxygen-rich functional groups (–OH and –CO–NH–) present in the chitin structure, reinforcing its incorporation within the matrix.
The presence of nitrogen (N) at 2.1 wt% (2.2 at%) further supports the inclusion of chitin, as nitrogen is a defining element of the polymer due to its acetylamino group. Additional elements detected in trace amounts include magnesium (Mg), aluminium (Al), silicon (Si), phosphorus (P), sulphur (S), potassium (K), calcium (Ca), titanium (Ti), and iron (Fe). Among these, calcium (8.2 wt%) and titanium (5.3 wt%) were found in significant concentrations, suggesting either natural mineral residues in chitin or additives incorporated during composite preparation.
The detection of these elements suggests a heterogeneous composition and may influence the composite’s thermal behaviour, surface reactivity, and biodegradability. Notably, the presence of trace metals (Fe, Ti, Ca) could contribute to enhanced mechanical and antimicrobial properties, making the composite potentially useful for biomedical or packaging applications.
Prospective Directions in the Development of Chitin–LDPE Bio-Composites
The present investigation highlights that chitin can be incorporated into virgin LDPE matrices at levels of up to 20%, offering a viable means of reducing polymer-related environmental pollution by a similar proportion through partial material substitution. Reesha et al. (2015) demonstrated that integrating chitosan or chitin into polymeric films leads to the formation of biodegradable zones within the matrix. As chitin degrades naturally via microbial action, it generates microporous structures that facilitate the ingress of environmental elements such as moisture, oxygen, and ultraviolet radiation, thereby accelerating the subsequent degradation of the remaining LDPE component.
Yadav et al. (2021) further suggested that the inclusion of chitin in recycled LDPE formulations presents a promising pathway for mitigating post-consumer plastic pollution, aligning well with the principles of sustainable waste management and circular economy. In addition, Abd El-Hack et al. (2020) reported that chitin–LDPE films exhibit improved resistance to oxidative and UV degradation, along with enhanced mechanical performance, making them more robust under environmental stress.
Beyond their ecological merits, these composites also display considerable antimicrobial efficacy. Arancibia et al. (2015) and Ojagh et al. (2010) found that chitosan-enriched packaging films were capable of extending the shelf life of perishable products such as strawberries and tilapia fish by suppressing microbial proliferation and reducing respiration activity. Collectively, these findings position chitin–LDPE composites as multifunctional, bio-integrated materials with significant potential in eco-friendly packaging and related industrial applications.
CONCLUSION
  This study highlights the successful development of a chitin–LDPE composite as a sustainable alternative to conventional plastic. Incorporating 20% chitin improved the composite’s biodegradability, water retention, and structural characteristics. SEM and EDX analyses confirmed effective chitin dispersion and elemental integration. The composite not only reduces reliance on petroleum-based polymers but also utilises seafood industry waste. This approach supports circular economy principles and offers a promising solution for eco-friendly packaging and plastic pollution reduction.
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