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Abstract: Composite materials are utilized across a broad range of applications, including 

automotive, aerospace, shipbuilding, wind turbine blades for wind energy production, oil and 

gas exploration, and the renewable energy industry. One of the challenges in recycling 

composite materials, particularly thermoset-based polymer composites, is their inherent 

heterogeneity. The management of current and future waste necessitates the proper recovery 

and recycling of products at the end of their life cycle, which would result in resource and 

energy savings. Various technologies focused on reinforcing fibers have been developed to 

facilitate the recycling of composite materials. This includes mechanical recycling methods, 

where polymers are separated from contaminants and can be transformed into granules through 

melting and extrusion. Mechanical recycling involves operations such as separation, melting 

filtration, and size reduction. A downside of mechanical recycling is the potential alteration of 

the product's properties at each stage. Chemically, recycling can be based on the 

depolymerization of polymers into monomers, which can then be repolymerized to restore the 

polymer. Considering composite materials as a viable energy source, their energy content can 

be recovered, though the synthesis process may produce environmentally harmful substances. 

The high cost of recycling and low quality of the recycled materials are significant barriers for 

composite material recycling. Identifying well-processed composites and implementing 

efficient separation methods are crucial for their recycling. New processing technologies will 

be developed for the recycling of composite materials, leading to more easily recyclable 

materials in the near future. 
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1. INTRODUCTION 

Composite materials, composed of two or 

more components with various physical and 

chemical properties, have been used since 

ancient times, such as the natural fibrous 

straws used in wall construction in Egypt 

3000 years ago. Recycling of composite 

materials in sectors like wind energy, marine, 

oil, and automotive will reduce 

environmental impacts. Various processing 

methods have been proposed for recycling 

different types of fiber-reinforced composite 

materials, which has become a subject of 

scientific interest. 

The recycling of high molecular weight 

compounds, including elastomers and other 

materials, is not keeping pace with 

increasing production. The disposal of 

polymer waste in landfills or incineration poses serious 

environmental problems due to their low 

biodegradability. Researchers have reviewed recycling 

strategies for waste thermoplastic and thermoset 

materials, highlighting that recycling can mitigate the 

problems associated with discarded or incinerated plastic 

waste. Choosing the correct recycling method can 

effectively solve the recycling problem without 

compromising the mechanical properties of the 

construction material. The importance of initial cleaning 

of waste polymer materials to ensure compatibility with 

construction materials has often been overlooked. 

Research is needed to facilitate the recycling of 

thermosets and thermoplastics, aiming for resource 

conservation and sustainability. 
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2. EXPERIMENTAL DETAILS 

Challenges in recycling plastic waste include its 

disposal in landfills, the poor biodegradability of 

commonly used polymers, rising costs, and legislative 

pressures. Additionally, incinerating plastic waste 

creates ecological problems. Mechanical and chemical 

recycling are among the most effective methods for 

managing plastic waste. Polyolefins, widely used 

thermoplastics globally, primarily include 

polyethylene (LDPE, HDPE) and polypropylene (PP). 

Approximately 22 million tons of these polymers are 

produced and consumed annually in Western Europe, 

accounting for over half of the processed 

thermoplastics. This study investigates the recycling 

of LDPE, HDPE, and PP using 

dissolution/precipitation and pyrolysis methods. 

Dissolution/precipitation is part of mechanical 

recycling, while pyrolysis belongs to chemical 

recycling. The process involves separating and 

recycling polymers in a solvent environment, using 

various solvents and waste plastics under different 

weight percentages and temperatures. Most samples 

showed a recovery rate of over 90%. Additionally, the 

pyrolysis of LDPE, HDPE, and PP was conducted 

with or without an acid catalyst, analyzing the 

resulting gases and oils. It was determined that 

pyrolysis products, comprising a range of alkanes and 

alkenes, could serve as raw materials for producing 

new plastics or purified fuels in the petrochemical 

industry. 

The import of materials with high usage rates, 

particularly in the iron-steel and plastic industries, 

leads to significant waste production during 

manufacturing and consumption. The most 

challenging wastes include the dust from the furnaces 

of the iron and steel industry. The increasing use of 

plastic materials, which do not decompose quickly 

once their service life ends, allows them to persist in 

the environment as waste for extended periods. The 

majority of the world's plastic materials are made from 

low-density polyethylene (LDPE), and their recycling 

can reduce environmental problems and contribute to 

the national economy. Studies have shown that LDPE 

and high furnace dust can be combined through 

extrusion to produce composite granules. These 

granules, once molded, have their mechanical, 

physical, and chemical properties studied and have 

been found suitable for use as flooring materials in the 

construction industry. 

The consumption of thermoplastics like polyethylene 

and polypropylene is on the rise, causing difficulties in 

managing solid household waste. Plastic waste is 

considered a serious pollutant for water systems and 

the lithosphere. Mechanical recycling is a viable 

alternative to reduce the volume of plastic waste. 

Research has shown that assessing the post-industrial 

waste recycling process through thermomechanical 

and thermochemical treatments is possible. 

Experiments with up to 30% PP in LDPE waste and 

polypropylene (PP) blends have been conducted under 

controlled temperature and nitrogen flow, 

incorporating zeolite and Ziegler-Natta catalysts. 

Results indicate that the zeolite catalyst, during the 

thermomechanical processing phase, acts as a modifier 

of the polymer structure, leading to significant 

changes in the properties of the LDPE/PP blends 

depending on the experimental conditions. The 

catalytic purification of polymer wastes offers a 

potential method for recycling polymer materials with 

high contamination and improves the properties of the 

recycled materials. 

Reducing the consumption of single-use plastic bags, 

identifying the best recycling methods, and managing 

roadside waste collection are important tasks. In terms 

of waste management costs and energy usage, two key 

aspects are the production and recycling of 

polyethylene (PE) waste. Studies suggest that 

implementing best practices can achieve economical 

and environmental benefits, with potential reductions 

in unrecycled PE waste by approximately 4.4 million 

tons. This reduction could decrease CO2-equivalent 

emissions by about 1.46 million tons and increase net 

energy demand by 16.5 million due to the energy 

produced from waste. 

Among polyolefins, polyethylene and polypropylene 

are the most used and are difficult to degrade, 

accumulating in the environment and causing 

ecological problems. Various bacterial and fungal 

organisms are utilized to facilitate their biological 

degradation. Polyethylene, being the most commonly 

used polymer, has packaging materials with a short 

lifespan. One of the main methods of recycling PE is 

the production of plastic bottles that can be used up to 

50 times. LDPE is applied to these bottles under 

specific conditions, and the bottles should be 

recyclable. The essential properties of the recycled 

bottles have been determined through testing. 

Packaging materials used for product packaging are 

mainly made from low-density polyethylene (LDPE). 

Recycling LDPE-based plastic materials poses 

challenges as they are not easily decomposable and 

can harm the environment. The most effective 

approach for safely recycling plastic waste is 

converting it into simpler compounds. Biodegradation 

is the most common method used for this purpose, 

being cost-effective and efficiently conducted in 

specific aqueous environments. Studies on the 

biodegradation of LDPE have used various 

combinations of LDPE and starch, observing that 

degradation increases with higher starch content over 

150 days. 
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Research in biotechnology primarily focuses on 

exploring the catabolic repertoire of natural bacteria 

for the biodegradation of plastic waste. LDPE is 

difficult to degrade and poses serious environmental 

risks. The biodegradation potential of LDPE using 

enriched aerobic bacteria from municipal waste has 

been studied, along with challenges like the high 

molecular weight preventing microbial cell 

penetration, chemical stability, the absence of 

functional groups for microbial enzymes, and 

crystallinity. Plastic waste, especially accumulating on 

roads, streets, and in water, is used in various 

industries like automotive, medical, and oil, posing 

environmental and aesthetic concerns. Studies have 

examined the activity of microbes and organisms in 

using the substrate as an energy source, indicating that 

low-density polyethylene can be used as a sole carbon 

source, confirming their ability to degrade polymers. 

Using various methods, waste polyethylene has been 

modified with bitumen, a complex mixture of 

hydrocarbons and elements like oxygen, nitrogen, and 

sulfur. Bitumen can exist in semi-liquid, semi-solid, 

and solid forms. Waste polyethylene, sourced from 

commercial packaging bags, has been found to 

enhance the high-temperature stability of modified 

bitumen. Modified bitumens with waste polyethylene 

were prepared using different processing parameters 

and a high-speed cutting mixer. The thermal stability 

of the modified bitumen was analyzed using 

differential scanning calorimetry and 

thermogravimetric analysis, revealing that the 

modified bitumen exhibits better heat resistance than 

the base bitumen, independent of the preparation 

parameters. 

Bitumen is a fundamental component of asphalt 

binders, used to combine gravel, sand, and mineral 

powder in monolithic forms, with its adhesiveness and 

ability to become liquid when heated and solid when 

cooled, also demonstrating thermoplastic properties. 

Lower strength properties make bitumen sensitive to 

transportation loads and climatic factors, softening at 

high temperatures and cracking at low temperatures. 

Modifying bitumen with polymers like elastomers and 

latex improves its properties and the durability of 

asphalt concrete, increasing adhesion strength, heat 

resistance, and enhancing low-temperature 

characteristics. 

The high cost of polymer modifiers limits their use, 

with partially replacing them with cheaper plastic 

waste emerging as a promising solution. Research has 

shown that recycled polyethylene from agricultural 

films and packaging materials meets these 

requirements. The effect of electrical discharge on the 

copolymerization process of linear low-density 

polyethylene has been analyzed, showing changes in 

the physical and mechanical properties due to the 

energetic atoms, molecules, and ions produced, 

affecting chemical reactions. 

Surface modification of polyethylene, assessed using 

various nitrogen-containing plasmas, introduces 

nitrogen functional groups, affecting surface tension. 

Plasma treatment, using N2 and Ar + NH3 mixtures, 

analyzed by X-ray photoelectron spectroscopy, 

enriched surface oxygen content, with Ar + NH3 

plasma found to be effective for nitrogen and amine 

functionalization. 

 

3. CONCLUTION 

 

Studies have indicated that composites of recycled 

thermoplastics with natural fibers offer an appealing 

alternative, conserving natural resources, reducing 

waste, and providing economical materials. The 

interfacial adhesion between low-density polyethylene 

(LDPE) and aluminum (Al) foil is weak, posing 

challenges in multilayer packaging design. Various 

methods have been proposed to improve LDPE's 

adhesive properties, with comparative studies showing 

enhanced adhesion in LDPE-modified samples, 

particularly when using small concentrations of sulfur-

containing compounds, improving the bonding 

strength for multilayer lamination applications. 

Ziegler-Natta catalysts have enhanced the mechanical 

and conductivity properties of cross-linked low-

density polyethylene (XLDPE), highlighting the 

superior activity of metallocene-based catalysts and 

the high performance of XLDPE produced directly by 

late transition metals. The use of these catalysts has 

improved resistance, flexibility, transparency, and 

productivity. XLDPE products are increasingly used 

in electrical, medical, and surgical fields and have the 

potential for industrial-scale application. 

The properties of polyethylene produced at the 

Shurtan gas chemical complex were studied, and its 

suitability for use in road bitumen was assessed. The 

impact of the heavy fraction components of furnace oil 

on the properties of the diesel fraction was determined, 

and the technology for separating low-density 

polyethylene from local waste was developed. 

The addition of various polymers to bitumen, a 

common practice, reduces its temperature sensitivity. 

Recycled materials are increasingly reused in road 

construction to improve overall performance and 

durability. Local governments and road agencies are 

paying more attention to the use of soft plastics to 

reduce landfill waste, with many countries 

implementing waste management initiatives. 

Post-consumer low-density polyethylene (LDPE) has 

been used to address significant environmental 

problems and improve bitumen's performance 

characteristics. The study created modified bitumen by 

adding different percentages of LDPE (1%, 2%, 3%, 
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and 4%), and tests on penetration, softening point, and 

ductility were conducted at two different temperatures 

(135°C and 165°C). LDPE additions improved the 

softening point and ductility compared to pure binder, 

with one LDPE type outperforming another in 

enhancing bitumen properties. 

Worldwide, plastic waste constitutes a significant part 

of solid waste, impacting the environment and public 

health. Research has explored the use of recycled high-

impact polystyrene (HIPS) and LDPE in producing 

durable lightweight concrete for cement-based 

composites. The inclusion of recycled plastic granules 

reduced workability, density, and compressive 

strength, demonstrating feasibility for concrete 

production up to 10% plastic content. 

The disposal of plastic waste, given its low 

biodegradability and large volume, poses a major 

problem. Research mixing high-density polyethylene 

waste with Portland cement explored the production of 

plastic cement, assessing the impact of replacing 

various percentages of sand with polyethylene waste. 

Recycled LDPE and waste rubber have been used to 

modify asphalt binder, with rheological properties 

measured using dynamic shear rheometry and binder 

beam rheometry. Mixing LDPE and waste rubber in 

asphalt resulted in decreased phase angle, increased 

ductility, and higher softening point. 

Finally, recycled LDPE from agricultural films and 

packaging materials is used in creating asphalt 

surfacing, showing the practical reuse of plastic waste 

in construction and road building. 
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