
LAPPEENRANTA- LAHTI UNIVERSITY OF TECHNOLOGY 

LUT School of Energy Systems 

LUT Mechanical Engineering 

 

 

 

 

 

 

 

 

 

 

Anil Kumar 

 

UTILIZATION OF TEXTILE WASTE IN MANUFACTURING OF COMPOSITE 

MATERIALS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examiners: Professor Timo Kärki 

D. Sc. (Tech.) Marko Hyvärinen



 

 

ABSTRACT 

 

LAPPEENRANTA- LAHTI UNIVERSITY OF TECHNOLOGY 

LUT School of Energy Systems 

LUT Mechanical Engineering 

 

Anil Kumar 

 

Utilization of textile waste in manufacturing of composite materials 

 

Master’s thesis 

 

Thesis completion year - 2019 

 

59 Pages, 34 Figures, 3 Table 

 

Examiners: Professor Timo Kärki 

 D. Sc. (Tech.) Marko Hyvärinen 

 

Keywords: Textile composites, textile waste, mechanical properties, HDPE, PET, Rayon 

 

Zillions of tons of textile waste are generated every year around the world through 

production of fabric clothes as well as through other types of textile related manufacturing 

activities. Strict rules and updated legislations have continuously forced textile 

manufacturers and researchers to rethink the sustainability and recyclability aspects of textile 

products. In this research, textile waste materials (PET and Rayon) were utilized as a raw 

material along with recycled HDPE to manufacture textile composites. Various 

examinations such as tensile strength, impact strength, density, SEM, thickness in swelling 

and water absorption were deployed to study the mechanical properties of these composites. 

The outcomes have shown that these composites have match able properties compare to 

natural fiber composites like, wood, plywood, cellulose, stone wool, PP et cetera and could 

possibly be utilized in aerospace, automotive and construction for various applications. 
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1 INTRODUCTION 

 

1.1 Research Problem and question 

Textile waste is a huge burden on modern day societies. At the moment there are no hard 

and fast rules to process the textile waste. Efforts have been made to find new solutions to 

process the textile waste, however there is a big gap in terms of recycling of textile waste. 

Utilizing the used fibers of textile products in manufacturing of composite materials can 

bring about one perfect solution from many other possible solutions.  

 

The research question for this study is that how reliable textile composite could be for 

various industry in terms of water absorption, tensile strength and impact strength? 

 

1.2 Textile industry  

Textile industry comes amongst one of the oldest industries in the world. It is a very crucial 

industry for any country as it plays a vital role in terms of economic gains for any nation. By 

the year 2015, the worldwide apparel market worth stood at 1685 billion US Dollars. The 28 

European Union countries shared the highest part of 350 billion US Dollars. United States 

contribution remained second highest, accounting for 315 billion US Dollars. According to 

the European Union’s 2013 data, about 1.7 million people were generating their daily 

incomes through the textile and clothing industry. The textile industry comprises of textile 

items such as clothes, carpets, bed sheets, table linen, curtains and foot wears (Statista, 2018; 

Leal Filho et al., 2019). 

 

1.2.1 EU and Finnish textile industry 

The textile industry is a crucial playing an essential role in the total manufacturing sector in 

the European Union (EU). According to a report on the EU, the textile industry is estimated 

to constitute 29% of the global clothing sector. According to an estimate, approximately 

185000 companies were producing textiles, employing 1.7 million people, and contributing 

a turnover of 166 billion Euros. Major players in the field of textile production include Italy, 

France, United Kingdom, Germany and Spain, whereas other EU members also contributed 

significantly to the overall textile exports globally. Finland is one of the early producers of 

textiles in the EU that exported major textile products to former USSR. However, after the 

break-up of Union of Soviet Socialist Republics (USSR) and the emergence of EU bloc, 
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Finnish textile industry has undergone tremendous changes in terms of production, thereby 

affecting the imports and exports both in EU and globally (EU, 2013). According to the 

Statistics Finland (2017), 0, 5 % of the total value added to the manufacturing sector comes 

from the textile industry adding a value of 191 million Euros to the entire production sector. 

These figures indicate that the overall contribution of Finnish textile industry to the 

manufacturing sector has diminished over the years, mainly due to outsourcing the 

production to low-cost countries. As a result, the Finnish textile industry employs only three 

thousand people in textile-related production activities (Statistics Finland, 2017). However, 

a decrease in the local production resulted in an increased export of textile-related products 

in Finland to 3.2 billion Euro (approx.). It is interesting to note that despite the production 

decline, the Finnish textile industry has focused mainly on the “design” and the “quality” 

aspect to maintain its competitiveness in the EU and global markets. 

 

Further, due to the emphasis on quality and design, the Finnish textile is valued high and 

exported in various markets within the EU and globally. Most notably, Germany, Sweden 

and particularly Russia (after becoming a member of the world trade organisation) 

significantly import the Finnish textile products. Therefore, the Finnish textile industry is 

continuously searching for new products and technologies to accomplish high-quality 

standards and ensure customer satisfaction. One significant trend that emerged due to the 

pressures from consumers and other relevant stakeholders within and outside the EU is to 

produce sustainable textiles (EU, 2018). Sustainable textiles are an essential source of 

reducing the use of virgin material and resources resulting in a significant decrease in 

negative environmental impact. As a result, the Finnish textile industry is looking to work 

with radical approaches mainly by finding new technologies and materials to improve the 

sustainable production of the textiles. 

 

 

1.3 Materials in textile 

The raw materials used for textile manufacturing are shown in the Figure 1 below. Cotton 

and polyester are widely used raw materials in textile industry around the world and they 

account for more than 75% of the materials. Apart from cotton and polyester, other 

commonly used materials are nylon, polypropylene, acrylic, wool, rayon and cellulosic. 
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Figure 1. Raw materials used for textile products (Heikkilä, 2018). 

 

Textile materials usually made of synthetic and natural fibers. The plant based natural fibers 

consist of cotton, hemp, sisal, flax and jute. Whereas, the animal based natural fibers are for 

instance wool and silk. The man-made or synthetic fibers are achieved by some sort of 

industry processing. Common synthetic fibers includes viscose, polyester, nylon, acrylic and 

polypropylene. Among all the synthetic fibers, polyester is quite often used as a blended 

material. Polyester is commonly blended with cotton and wool in order to improve the 

properties of fabrics. Although the blended fabrics possesses the greater challenges in terms 

of recycling of textiles but blending provides better wettability and softness qualities in 

fabrics. The blended fabrics offers the extended functional life time (Quartinello et al. 2018). 

 

Polyester fibers are the leading synthetic fibers utilized in industrial manufacturing. There 

are many types of polyester fibers, each type provides different properties. The most used 

around the world being polyethylene terephthalate (PET), it is easy to process, reasonably 

cheap and easily available. Polyester is usually produced in small granules. In textile industry 

polyester fibers are used to manufacture jackets, trousers, t-shirts, sportswear, curtains, 

pillow coverings and bed linens. Following diagram shows the chemical formula of most 

commonly used polyester PET (McKeen, 2012). The chemical formula of PET polyester can 

be seen in Figure 2. 
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Figure 2. Chemical formula of PET polyester (McKeen, 2012) 

 

Cotton is the second major material used in textile industry. Cotton fiber is one of the key 

plant based natural textile fibers and holds the share of about one third of the entire global 

production of textile fibers. Cotton fibers are natural polymers which are available 

abundantly. Cotton is gifted with some of the amazing qualities such as bleach and detergent 

resistant, breathable, it resists static electricity and very comfortable to wear. Cotton is quite 

easy to clean.  Following Figure 3 elaborates the microstructure of cotton fiber (Yu, 2015). 

 

 

Figure 3. Microstructure of cotton fiber. (a) Cross-section of cotton, (b) vertical section of 

cotton (Yu, 2015) 

 

1.4 EU textile waste legislation 

The European Union Commission updates its directive every now and then in order to meet 

the novel standards. As per now, many different categories are in practice for the collection 
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of municipal solid waste in EU member countries. For instance, local municipalities provide 

separate containers for the collection of plastic waste, bio-waste, mix waste, metal waste and 

glass waste. The European Commission (EC) aims to achieve its goal of separate collection 

of textile waste by 2025. The overall goal of the EC legislative proposals on waste is to 

recycle 65% of the municipal waste by the year 2030. The EU landfill directive wants its 

member countries to minimize landfilling of municipal waste by 10% by 2035 (Sajn, 2019). 

 

The EU policies and legislation requires to mention the type of fiber and fiber quantity 

present in the textile items and fabrics. This initiative will assist user to make sustainable 

choice regarding their purchase of textile and sorting process will become easier in terms of 

recycling. According to the EU Textile Regulation of 2011, labelling of the fiber 

composition should be mentioned from industrial production to the consumer use. The EU 

ecolabel for clothing and textiles has set certain principles regarding the ecology. The use of 

unsafe chemicals for health and nature should be limited and the lifetime of the textile fabrics 

should be increased (Sajn, 2019). 

 

The EU policies encourage manufactures to showcase green products for consumer use 

which are environmental friendly and easily recyclable. The European clothing Action Plan 

(ECAP) working towards its goal of limiting landfill of 90,000 tons of textiles by year 2019. 

Twelve EU member states are part of that program so far which includes, Sweden, Finland, 

Norway, Denmark, Netherlands, UK, Romania, Germany, Spain, Italy, Poland and the 

Netherlands (EU, 2013a). 

 

1.4.1 Textile waste 

Waste is usually defined as things that society do not need and they want to dispose it. 

Management of textile waste is getting problematic, and many of developing countries are 

investing their municipal revenues on its management. Depending on the physical state 

waste can be classified into different types such as solids, liquids, and gases. Moreover, solid 

waste consist of waste depending on their original use, materials, physical properties, origin 

(domestic, agricultural, industrial, etc.), and safety level that it could be hazardous or not. 

While the household and commercial waste can be classified as municipal solid. Textile’s 

production, consumption and waste has direct relation with global population. A study made 



14 
 

by World Bank association has predicted that municipal solid waste will increase by 70% 

till 2025 (Enis et al. 2019). 

 

Research has shown that the recycling of textile products is more difficult as compared with 

the recycling of other materials. A study made in 2016 shows that the only 15–20% of textile 

waste is being recycled and most of it ending in landfills. Textile waste are divided into three 

main groups: production waste, pre-consumer waste, and postconsumer waste. Production 

waste originated from several textile-manufacturing steps, while the pre-consumer waste 

compromised of unsold/damaged products, and postconsumer waste is based on the owners 

no longer want to use as depicted in Figure 4 as a flow chart (Enis et al. 2019). 

 

 

Figure 4. Textile waste division (Enis et al. 2019) 

 

The aim of this research is primarily focused on postconsumer waste, which consists of any 

garments, or household fabricated textiles made products which owner no longer needs it or 

he or she may want to discard it. The amount of postconsumer waste is extremely high which 
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can be seen from the textile fiber consumption as well. Many countries around the world 

trying to tighten the rules and regulations to limit the landfilling of textile waste and focusing 

on recycling and finding new ways to reuse it.  

 

1.4.2 Amount of textile waste 

The global textile fiber consumption is increasing at rapid pace whether it is due to increase 

in world’s population rate, modern fashion industry or global financial growth. The textile 

sector is enduring new problems of producing sustainable and recyclable products in order 

to limit or avoid the amount of textile waste (Sandin and Peters, 2018). According to the 

estimation of World Bank statistics, the global municipal solid waste would rise by 70% 

which mean from 1.3 billion tons per year to 2.2 billion per year comes 2025 (Enis et al. 

2019). 

 

According to United States Environmental Protection Agency (EPA), in 2015, the share of 

textile waste in USA in municipality solid waste was about 16 million tons. From which the 

textile clothing and footwear accounted for 14.2% whereas pillowcases and sheets hold the 

share of 16.3% (EPA, 2015). 

 

The EU textile industry produces 16 million tons of textile waste every year (EU, 2017). The 

EU states which generated the highest amount of textile waste in 2014 includes Italy, 

Germany, UK, Poland, Belgium, France, Spain, Netherlands, Czech Republic and Portugal 

(Koszewska, 2018). The Figure 5 displays the amount of textile waste of individual country 

in year 2014. 
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Figure 5. Amount of textile waste of individual country in tons in 2014 (Koszewska, 2018) 

 

The textile waste in Finland is also increasing gradually. The amount of textile waste in 

municipality solid waste (MSW) was about 4% - 6% in 2007 which grew 5% - 8% by the 

year 2012.  The recent average portion of textile waste in Finland’s MSW is around 5.8% 

(Dahlbo et al., 2017). 

 

1.4.3 Textile waste collection and sorting 

One of the major issue towards the recycling of textile waste is collection and sorting. Up 

until now, globally there are no proper arrangements for the collection of textile trash. There 

are only limited amount of non-governmental organizations (NGOs), co-operations, private 

companies, charity organizations and municipalities which collect discard clothes and other 

fabric products.  The developed countries like United Kingdom, United States of America, 

Canada and EU government authorities are taking necessary steps to spread the awareness 

among local people for proper discarding of textile rubbish (Tojo et al., 2012). 

 

The collection of textile includes various kinds of textile fabrics which are made from 

different materials. The textile items such as trousers, blankets, dresses, coats, blouses, pants, 

shirts, curtains are separated from each other for further processing. As the sorting process 

goes on, the sorting and separation becomes more refine. The employees are trained to do 

crude sorting which means extracting metal items and buttons from coats and blankets. Some 

of the collection is analyzed on the basis of their reusability and recyclability (Hawley, 

2004). 
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1.4.4 Recycling of textile waste  

Recycling of any kind of waste is the modern day struggle. Through recycling process, the 

waste is converted into new products or materials. For many years researchers have been 

digging new means to recycle the textile waste produced by human activity. Recent studies 

have shown that the used textile fibers obtained from cotton and polyester are utilized for 

the manufacturing of automobile parts and building materials. Textile waste recycling 

science is still in her early days. Cotton fibers have been recycled through chemical recycling 

method and converted into bioethanol (Nousiainen, 2015; Bell et al. 2019). 

 

The recycling of textile waste encounters plenty of challenges such as type of textile product, 

its physical condition, the removal of logos and accessories, material type, weariness and the 

manner of labelling. For instance, the textile fabrics which are made through blended fibers 

of cotton and polyester provide consumers great qualities of softness, comfort and breathable 

clothing but to recycle them is the matter of huge complexity. Separation of various type of 

textile materials for recycling is cause for concern due to lack of technology, whilst currently 

separation is done manually. One of the key point in textile recycling is to study the solutions 

of various recycling patterns. Textile to textile recycling certainly comes among the tops in 

that regard (Koszewska, 2018). 

 

1.5 Recycling processes of textile waste 

Some of the recycling processes which are used for textile recycling includes mechanical, 

chemical and thermal recycling. In some cases incineration is also termed as the recycling 

process for textile scrap. Not all processes are suitable for all kind of textile materials. 

Different textile materials are recycled through different recycling processes. In this thesis, 

the four recycling processes are mentioned briefly (Sandin and Peters, 2018). 

 

1.5.1 Mechanical recycling 

The cutting, shredding and carding of textile trash fabrics is termed as mechanical recycling 

of textile waste. Sorting, separation and removal of unwanted substances from textiles also 

falls under mechanical recycling category. The fabrics are cut into tiny pieces and send for 

the further recycling treatment. Mechanical recycling can be performed several times but 

fibers strength gets weaker and shorter each time. Mechanical recycling method is deployed 

in the separation of carpet components. The recycling of cotton have been done through 
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mechanical methods. The mechanical cut and shredded fabric is turned into new yarn and 

after yarn spinning process it is sent for weaving process  (Nousiainen, 2015; Watson et al. 

2017). 

 

One of the key element in mechanical recycling is shredding process. The shredding process 

is carried out by the shredding machines which are known as shredders. The splitting of 

textile fabrics into small pieces is called as shredding. There are several types of shredders 

available for industrial applications such as beater shredders, crushing mills, radial plate 

grinding mills, roller shredders or mills. (Bochat and Zastempowski, 2018) The appropriate 

selection of the shredder depends upon the type of material being shredded. The fundamental 

features of the material which defines the suitable selection of shredding technique includes 

form of material, plasticity, moisture level and hardness. Furthermore the shredding 

machine’s variable are also set in accordance with the nature of waste (Głogowska and 

Rozpędowski, 2016). 

 

For the recycling of textile waste, roller shredders are commonly use to grind and cut the 

fabrics into tiny pieces. The textile shredding machine can consist of 4, 6, 8 or more rollers 

depending upon the size of the machine. The quantity of rollers effects the quality of textile 

recycled fibers, the more the better. (Do Amaral et al., 2018) The textile shredding process 

is simple in a way that textile waste is fed into the rollers manually or automatically 

depending upon the machine. The rotating rollers consists of several cutting teeth which tear 

apart fabrics into small particles and shredded material is collected into separate container. 

The shredding process can be modified by the addition of conditioners or preserves in order 

to make the shredding gentle. Some studies have shown that the treatment of textile fabrics 

with Polyethene glycol 4000 (PEG 400) chemical prior to shredding process affects the 

interfiber friction and fiber length of polyester and cotton. However chemical treatment do 

not play any role with blended fabric fibers such as polycotton (Sjöblom, 2018). 

 

1.5.2 Thermal recycling 

Thermal recycling of textile scrap is utilized to produce heat and or electricity. Thermal 

recycling involves pyrolysis and gasification processes. Thermal recycling is often termed 

as incineration. However through incineration only ash, gases, heat or electricity is produced 
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but through thermal processing there is a possibility of fiber recovery through synthetic 

fibers (Sandin and Peters, 2018; Enis et al. 2019). 

 

1.5.3 Chemical recycling 

In textile waste recycling science, chemical recycling relates to the depolymerization of 

polymers such as polyester. PET chemical recycling methods includes glycolysis, 

methanolysis, hydrolysis and ammonolysis. The most commonly used type of polyester in 

textile products is polyethylene terephthalate (PET). In 2015, about 72 million tons of PET 

was produced globally. In chemical recycling process, PET is disassembled to produce 

monomers and oligomers. In textile industry, polyester chips are spun to make yarn, woven 

and non-woven fabrics (Nousiainen, 2015; Ewell 2017; Sandin and Peters, 2018). 

 

1.6 Textile recycling technology 

The advancement of technology in any field is vital for its sustainability. It brings the 

easiness for the people indulge in that particular sector. The textile recycling technology is 

still in its early days. There is much room for innovation especially in collection, separation 

and sorting. The researcher have been trying to develop the technology which can sense the 

fiber type present in the textile and then separate it accordingly. The Swedish Innovation 

Plate for Textile sorting (SIPTex) tested the near-infrared technology (NIR) to recognize the 

fiber structure and color in textile waste sorting. The outcome of the project seems 

productive for fiber-to-fiber recycling (Elander, 2017). 

 

As mentioned previously textile waste collection and sorting is the main problem in textile 

waste recycling. The automatic sorting limits the hurdles faced by textile waste recycling 

industry and creates new possibilities for textile recycling. The IVL Swedish Environmental 

Research Institute utilized the 30 meter machine consisting of optical sensors which sorts 

the textile waste of different materials such as polyester, acryclic, viscose, cotton and wool 

according to their fiber composition (Elander, 2017). 

 

1.7 Environmental impacts of textile waste 

Discarding the solid waste most essentially has always been the cause of concern for various 

industries. Every industry applies the different technique for their solid waste management. 

There are two methods which are quite common among many industries such as landfilling 
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and incineration. Textile industry is one of those industries which uses the services of 

landfilling and incineration for the disposal of textile waste. Both these methods are 

comparatively easy in their execution. However, both these waste treatment methods comes 

with significant environmental impacts. Atmospheric, hydrological and health issues are 

among the most known (Das et al. 2019). The Figure 6 below illustrates the textile waste’s 

treating method’s environmental impacts. 

 

 

Figure 6.  Author’s own illustration (Landfills, 2013) 

 

1.7.1 Landfills 

The quantity of textile waste send to landfills in different regions of the world is enormous. 

The landfilling cost of textile waste is about 60€ per ton in some European states. Following 

Figure 7 below shadows light on the amount of textile waste sent for landfilling around the 

world (Bukhari et al. 2018). 
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Figure 7. Annual amount of landfilled textile waste around the world (Bukhari et al. 2018) 

 

Landfilling is one of the oldest and typical route adopted to eliminate textile rubbish 

universally. The process is simple in its nature that the unwanted waste is collected and 

transported to the landfilling area, where it is buried pile by pile. Usually landfills are 

designed in such manner that the buried trash is isolated from the environment. In the case 

of municipal solid waste the synthetic plastic layer is used to compact the waste from 

surrounding environment. Landfilling method is not a decomposition method rather it can 

be called as storage but solid waste does decompose with the passage of time (Hawley, 2004; 

Vaverková et al. 2018). 

 

1.7.2 Incineration 

Incineration means to destroy something by burning. This term is usually used for waste 

material burning. Incineration falls under the category of thermal waste treatment method. 

Incineration is used as an energy recovery method, in which the waste materials are burned 

at very high temperature and in process, ash, flue gases and heat is produced. The 

incinerators are utilized to incinerate the waste and afterwards the gas and ash is analyzed 

and taken to the dumping land and buried (State of New York Department of Health, 2010; 

Sebastian, et al. 2019). 

 

1.7.3 Atmospheric impacts 

The atmospheric effects of landfilling and incineration include the production of carbon-

dioxide and methane gases. These gases can cause severe harm to the environment if not 

manage properly. Gases like carbon-dioxide play fundamental role in global warming. 

Methane gas is collected systematically in landfill areas, it is a highly flammable gas and 
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any mishaps can bring hazardous consequences for natural air in the vicinity of landfills. The 

eco system suffers disturbance through these gases and species which survive under earth 

are put under constant threat (Chen and Burns, 2006; State of New York Department of 

Health, 2010;  Enis et al. 2019). 

 

1.7.4 Hydrological impacts 

The water quality of surroundings of incineration plants and landfills are effected 

enormously. The ground water is contaminated by the chemicals present in the textile waste 

and leachate start building up in landfill areas. The toxic groundwater and surface water is 

dangerous for mankind as well for the animals which live underground (Alkassasbeh, et al. 

2009; Vaverková et al. 2018). 

 

1.7.5 Health impacts 

According to the state of New York department of health, landfills produce ammonia and 

hydrogen sulfides. If the level of these gases gets elevated in the breathing air, it can cause 

coughing, nausea, headaches and eye irritation. Landfill leachate pollute air and water 

quality which is also linked to birth defects in local residents. With the passage of time, the 

textile waste materials release harmful chemical in grounds which effect the vegetation 

(Alkassasbeh, et al. 2009; State of New York Department of Health, 2010). 

 

1.8 Composite 

A material made of at least two or more different materials, combine together to provide 

superior properties than the individual material is called as composite or composite material. 

In other words, the individual material properties (mechanical, chemical and thermal) 

improves with the combination of other materials which in the end results in a new material 

with distinct properties and performance. Composite material consists of three phases 

namely reinforcement, matrix and interface phase. Some of the examples of composites 

include ceramic-matrix, polymer-matrix and metal-matrix composites (İşmal and Paul, 

2018). The following Figure 8 illustrates the example of a composite material structure. 
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Figure 8. Schematic diagram of composite material structure (Altin Karataş and Gökkaya, 

2018) 

 

Composite materials are famous for their light-weight, high strength and good durability 

properties (Varvani-Farahani, 2009). The use of conventional plastics and metals have been 

replaced by composites in recent years. They have been long utilized in various industries 

such as automotive, aerospace and construction (Fleischer et al. 2018). The total value of 

global composite market stood at 76.71 billion US Dollars in 2017 (Statista, 2019).  The 

following Figure 9 shows the global composite material distribution by industry segments.  

 

 

Figure 9. Global composite materials distribution by market segments in 2017 (İşmal and 

Paul, 2018) 
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1.9 Types of composites 

The science of composite material is quite ancient. Building bricks are one of the earliest 

example of composite products made by composition of clay and straw. In the making of 

building bricks, the clay serves as a matrix and straw being the reinforcement material 

(Binici et al. 2005). The type of composite is often categorized by the nature of reinforcement 

material is being used. In the modern era, composites are categorized in four main types 

namely, Polymer matrix composites, Carbon matrix composites, Metal matrix composite 

and Ceramic matrix composites (Park and Seo, 2011). 

 

1.9.1 Polymer matrix composite 

Polymer matrix composites are vital materials in composite science. As is the case with many 

composites which are used in aerospace engineering, polymer matrix composites are not 

different in that regard. Military, automotive, marine and leisure industries are making full 

use of polymer matrix composites. Similar to other composites, they are also renowned for 

their high-performance and light-weight composites providing high stiffness and high 

strength.  The following Figure 10 shows the schematic illustration of polymer matrix 

composite (Dmitruk and Kaczmar, 2016). 

 

 

Figure 10.  Schematic illustration of polymer matrix composite (Abdul-salam, 2014) 

 

1.9.2 Natural fiber composite 

Natural fiber composites (NFC) consist of natural fibers which are extracted from natural 

resources such as flax, hemp, palm, cellulose, cotton, protein, wood, silk, sisal, leaf, stem 

bamboo etc. These fibers are utilized as reinforcement material along with polymer matrix 
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(commonly) to produce light weight and high quality composite materials. This kind of 

composite materials have shown remarkable advancement in various industries ranging from 

household to construction and automobile to aircraft industries. NFCs possess promising 

mechanical properties such as high strength, better stiffness, good resistance against 

corrosion and ease of manufacturing (Mittal et al. 2016). 

 

1.10 Composite manufacturing methods 

The continuous development in composite material engineering have also pave the way for 

the emergence of various techniques and methods for composite manufacturing. To produce 

sustainable and environmental friendly products is the need of hour in order to avoid issues 

such as global warming and waste creation. Researchers have been studying hard to work 

out the best suitable manufacturing process for different composites manufacturing 

depending upon the nature of specific materials being used in process (Mazumdar, 2001). 

There are several composite manufacturing methods which are broadly used for commercial 

composite production, among them compression moulding, liquid composite moulding, 

resin transfer moulding, pultrusion, extrusion, thermoforming, filament winding, hand Lay-

up and autoclave are frequently used in industrial applications (Fleischer et al. 2018). Some 

of composite manufacturing processes which are used in the manufacturing of textile 

composites are explained briefly in this thesis. 

 

1.10.1 Compression moulding 

Compressive moulding is a widely used manufacturing method for composite 

manufacturing. It is often preferred method of manufacturing when it comes to produce 

polymer based composites. The process consists of four fundamental steps which includes 

precharge preparation, mold closure, curing and part release. Following Figure 11 illustrates 

the compression moulding process (C.H. Park, 2013). The Figure 12 below is an example of 

tea tray made of textile waste reinforcement and polypropylene matrix using compression 

moulding method. 
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Figure 11.  Compression moulding process (C.H. Park, 2013) 

 

 

Figure 12. Tea tray made of textile waste reinforcement and polypropylene matrix using 

compression moulding method (Enis et al. 2019) 

 

1.10.2 Extrusion moulding 

Extrusion moulding is commonly used in composite engineering to make products of 

specific cross-sectional profiles. The name extrusion comes from the extruder machine 

which extrude objects. The material is fed through hopper and the spiral shape screw rotates 

in the presence of heat and pressure and pushes the material towards die where it forms the 

desired shape object. Following Figure 13 is a schematic diagram of an extruder (Rosato and 

Rosato 2004). 
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Figure 13. Schematic diagram of an extruder (Rosato and Rosato, 2004) 

 

1.10.3 Injection moulding 

Injection moulding is one of the traditional way of producing composite materials. It is well-

known for its quickness of process. Various industries around the world utilize injection 

moulding technology to produce various products such as food plates, cups, bottles, mobile 

phone covers and more complicated products like automobile dashboards, car bumpers, and 

ship’s parts (Adhikari, 2012). 

 

The injection moulding manufacturing process is carried out by injection moulding machine. 

The main parts of the machine includes hopper, heater, barrel, screw, nozzle and mold. The 

process is simple in a way that the material is fed through hopper which proceeds to barrel. 

The presence of heat and pressure in barrel melts the material which, further pushed by a 

spiral screw. The molten material passes from the nozzle into mould where the desire shape 

of the product is achieved. The process is well suited to manufacture high volume of products 

in relatively short time, due to its short cycle time. It produces complex geometry items with 

accurate measurements and high quality surface finish. (Adhikari, 2012). The Figure 14 is a 

schematic diagram of injection moulding machine. 
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Figure 14. Schematic diagram of injection moulding machine (Fernandes et al., 2018) 

 

In injection moulding process, the key parameters like mold temperature, pressure level and 

melting temperature influences the mechanical properties of composite materials. (Singh and 

Verma, 2017). For instance, variation in operating temperature lead to the changes in impact 

strength of the final component. The addition of plasticizers and coupling agents also effects 

the properties of composite materials substantially (Ramamoorthy et al. 2013). 

 

2 MATRIALS AND METHODS 

 

2.1 Separation of textile waste 

For the experiment phase the textile waste material was received from the non-profit 

organization in Finland called Partex-paja ry. In total, six big plastic bags were brought 

weighing 40.55 kg. The bags contained different kind of textile products ranging from shirts, 

t-shirts, trousers, socks, under garments, kitchen clothes, jackets, blankets, pillows and 

carpets. All textile waste items were made from diverse textile materials such as wool, 

acrylic, nylon, rayon, PET, PP, and PTT. The bulk quantity of items were made from PET 

and rayon, which accounted for 26.64 kg. 

 

The majority of the items were free from hard substances such as buttons and zippers, 

however some of the clothes needed pulling of buttons and cutting of zippers. The separation 

and sorting process was conducted in such a manner that bags were emptied one by one and 

separated based on their material type. A machine produced by ThermoFisher ScientificTM 

called “MicroPHAZIR PC analyzer” was used to identify the type of material present in the 

textile waste items. The machine uses the NIR technology. The scanning process works so 

that the machine’s front head touches the surface of item and after few seconds of scanning, 



29 
 

it informs the name of the material on the digital screen. The Figure 15 shows the device 

which was used in this study to identify different textile materials. 

 

Figure 15. Plastic/Polymer and Textile material identifying machine (Scientific, no date) 

 

After the sorting, the textile waste was separated and piled in respective material categories 

and packed back to the plastic bags individually in order to be transported to the textile 

shredding company. The Figure 16 shows the piles of textile waste separated based on 

material type. 

 

 

Figure 16. Textile waste material separated and piled individually  
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The Table 1 below represents the quantity of individual material in weight and percentage 

as compare to the total textile waste material which was received for the experimentation. 

 

The highest amount of PET’s presence in textile waste gives another glimpse that how 

broadly PET is utilized in textile industry. The material Rayon, does not stay far behind 

either which proved to be the 2nd highest in received textile waste. Rayon is an extensively 

used textile material made from natural fibers of wood pulp, cotton or bamboo. It is 

chemically identical to cotton. (Gupta, 2013). Table 1 below shows the amount of textile 

waste received for this research, their weight and percentage.  

 

Table 1. Quantity of various materials in textile waste 

Textile Materials Weight % of Total Weight 

1. PET 13.46 kg 33% 

2. No identity 4.41 kg 11% 

3. Acrylic 0.62 kg 1.5% 

4. Nylon 0.41 kg 1% 

5. Wool 0.66 kg 2% 

6. Rayon 13.18 kg 32.5% 

7. Mix material 7.81 kg 19% 

 

2.2 Specimen manufacturing 

The textile composite test samples were produced using 20% of PET as reinforcement phase, 

extracted from textile waste. Whereas, 74% of High-density polyethylene (HDPE) was used 

as a matrix phase. Coupling agent (Maleic anhydride) and lubricant shared 3% each in the 

manufacturing of textile composite. Precisely same ratios were used to manufacture other 

textile composite specimen in which Rayon was used as a reinforcement. 

 

The PET and Rayon based specimen were manufactured in such a way that 120 grams of 

composition were put over baking paper in aluminum foil box and baked in oven for 25 – 

30 minutes at 180o Celsius temperature. Five boxes were put in oven per round and the 1st 

one being removed at 25 minutes and the last one at 30 minutes. The following Figure 17 

clarifies beginning of the manufacturing process. 
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Figure 17. 5 aluminum boxes filled with material composition for textile composite 
manufacturing 

 

The heated composition material was then placed in mold cavity in order to be compressed 

using compression moulding machine. The temperature of the mold remained 23.5o Celsius 

throughout the process. The manufacturing cycle time was about 1 minute and that is the 

reason the filled boxes were kept in oven for 25 to 30 minutes. 

 

Altogether 30 test samples were produced in which 15 pieces accounted for PET based 

textile composite and 20 pieces for Rayon based. The only visible difference appears to be 

of color between the two. PET based textile composite appears to be grey while Rayon based 

shows some touch of light brownish. Following Figures 18 and 19 show the PET and Rayon 

based textile composite specimen respectively. 

 

 

Figure 18. Textile composite (PET reinforcement) 
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Figure 19. Textile composite (Rayon reinforcement) 

 

2.3 Test methods 

Various experiments were completed in order to explore the diverse properties of textile 

composites. Each testing method, water absorption, swelling, charpy impact test and tensile 

strength test was conducted on 15 samples. Every specimen was kept in conditioner at 23oC 

temperature and 50% of moisture.  

 

2.3.1 Charpy unotched impact test 

The charpy impact test was executed to explore the impact strength or toughness of a 

material. For this research, test findings were accomplished using charpy test device 

manufactured by Zwick / Roell. The testing procedure follows in such a way that the test 

piece is placed freely between the two support points in the path of a specially designed free 

rotating pendulum hammer. The hammer hold static by a hook, is unlocked to follow a curve 

path and make an impact with an unnotch specimen on its way through. The Charpy impact 

strength of unnotched specimens, 𝑎 , is calculated in kilojoules per square meter (kJ/m2) 

using formula (1). The Figure 20 shows the Charpy impact test sample 

 

 𝑎 =
  

 x 10                                                                                                  (1) 

 

Where; EC is the corrected energy, in joules, absorbed by breaking the experiment specimen, 

t is the thickness of the specimen in mm and w is the width of specimen expressed in mm. 

 

 

 

 

 



33 
 

 

Figure 20. Charpy impact test sample 

 

2.3.2 Tensile strength test 

For the tensile strength test, the dumbbell shape specimens were manufactured according to 

the guidelines of Finnish Standards Association SFS (SFS-EN ISO 527-2). The width and 

thickness of the test samples were measured and fed in the system. The two ends of test 

specimen were hold firmly by pneumatic grips of device in order to apply continuous load 

until breaking point of the specimen. An extensometer was used to calculate elongation and 

testing speed of 2 mm/min was applied. The computer controlled tensile testing device was 

used for this experiment in which integrated software calculated the elongation and force 

required to break the each specimen. The software also produced stress-strain diagrams for 

defining tensile modulus. The Figure 21 shows the tensile strength test sample. 

 

 

Figure 21. Tensile strength test sample 

 

2.3.3 Determination of density 

In this research, the determination of density was carried out by applying immersion method, 

according to the instructions of SFS (EN 323) standards. All the specimens were completely 

immersed in water having pH level of 7 at room temperature of (20 ± 2) °C. The results of 

density are expressed by using formula (2). 

 

 ρ = 
    

 x 10                                                                                 (2) 

 

Where ρ represents density in (kg/m3), m is the mass of test specimen in g, t is the thickness 

of specimen, L is length and W is width in mm. 
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2.3.4 Swelling in thickness and water absorption test 

Swelling and water absorption test was carried out by completely dipping the test specimen 

into water in order to acquire about the rate of water absorption and swelling in thickness 

over the period of time. According to the SFS standards (SFS-EN 317), square shape samples 

were manufactured for this test with the measurements of 50mm x 50mm x 10mm thickness. 

All the samples were dipped in still water holding pH level of (7 ± 1) at (20 ± 2) °C of 

temperature and test readings were measured after one, two, four, seven, fourteen, twenty-

one and twenty-eight days of water immersion. 

 

Gt =  x 100                                                                                           (3) 

 

WA (%) = 
   x 100                                                                             (4) 

 

The swelling in thickness and water absorption is measured by the formulas (3) and (4) 

respectively, where t1 in millimeters refers to the thickness of test piece before water 

immersion, t2 in millimeters denotes to the thickness of test piece after water immersion, 

whereas Gt is the final thickness of the test piece. In the water absorption formula, m1 

specifies the mass of test piece before water immersion, m2 refers to the mass of test piece 

after water immersion and the final results of water absorption are expressed in percentage 

as well as of swelling. The Figure 22 represents the water absorption test sample. 

 

 

Figure 22. Water absorption test sample  
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2.3.5 Scanning electron microscopy 

The scanning electron microscopy (SEM) test was conducted to study the topography of 

textile composite specimen. For this test, scanning electron microscope device “SU3500” 

manufactured by Hitachi was employed. The SEM figures were taken from the fracture 

surface of tensile test samples. This examination provided the advantage of analyzing fiber 

composition, their orientation with matrix, holes and presence of any impurities in the 

composite specimen. The 2-dimensional shots of various test specimens were taken for 

conclusive analysis. Following Figure 23 represents the SEM test samples. 

 

 

Figure 23. SEM test samples 
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3 RESULTS 

 

Textile composites have been under continuous development and scrutinized in recent years 

to better match the mechanical properties of wood plastic composites (WPC) or NFC. The 

urge to discover up to date techniques for textile composites, their utilization in various 

industry applications and find sustainable solutions for textile waste recycling has led to 

these experiments. The obtained results from all the experiments are presented and discussed 

in this chapter. 

 

3.1 Impact strength results 

The results of the charpy impact strength test are shown in the Figure 24 with standard 

deviation denoted by standard error bars. The textile composites containing Rayon as 

reinforcement material has shown almost half of the impact strength values as compare to 

its counterpart PET. Rayon’s impact strength stood at 5.78 kJ/m2, whereas, textile composite 

with PET’s reinforcement showed far better results in terms of impact strength of 11.38 

kJ/m2. However, overall both these materials have proved better impact strength against their 

reference material Polyethylene (PE) which showed 5.38 kJ/m2. 

 

 

Figure 24. Impact strength test results denoted by error bars  
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Since the standard error bar of PET does not overlap with its corresponding material bars in 

Figure 25, which gives conclusive evidence that the majority of the results collected for 

textile composite containing PET as reinforcement material are significantly higher than its 

opponents material results. The results of experiments clearly indicate that the textile 

composites having PET has high toughness and is able to absorb more energy during sudden 

load, than of Rayon as well as of pure PE. 

 

 

Figure 25. Impact strength test results denoted by error bars and overlap line 

 

3.2 Tensile strength results 

The obtained results from tensile strength tests are presented in the following Table 2. The 

table contains various tensile properties of (reference material PE and textile materials) such 

as, tensile strength, modulus of elasticity, force at plastic strain, maximum force and force 

at break. 
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Table 2. Tensile properties obtained from experiments 

Reinforcement 

Material 

Tensile 

Strength 

(MPa) 

Emod 

 

(GPa) 

F at 0.2% 

plastic 

strain (N) 

Fmax 

 

(N) 

FBreak 

 

(N) 

PET 8.89 1.20 182.53 249.86 188.18 

Rayon 8.06 1.18 165.56 201.28 153.48 

PE (Reference) 8.00 1.15 177.04 231.15 185.40 

 

In Figure 26, the tensile strength results of different filler materials used for textile 

composites are compared by using bar chart. The outcomes of the experiments show that 

there is nothing significant among both filler materials which separates them apart in terms 

of tensile strength. In fact, both materials seem to have marginally better tensile strengths in 

accordance with reference material PE. However, tensile strength of textile composite of 

PET is on slightly higher side (8.89 MPa) as compared to Rayon (8.06 MPa). Hence it is 

evident that the both filler materials require more or less same amount of force in order to 

fail or break and both materials can withstand almost similar amount of tensile stresses.    

 

 

Figure 26. Tensile strength 
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Figure 27 displays the comparison of modulus of elasticity of both filler materials with 

reference material PE. The young’s modulus values for both reinforcement materials utilized 

in textile composites are very close to each other, PET (1.2 GPa) and Rayon (1.18 GPa). The 

young modulus of reference material PE is very much intact with both composite materials, 

as it is the case with other results. The results provide enough confirmation that both 

reinforcement materials offer equal stiffness to the tested textile composites. 

 

 

Figure 27. Young’s modulus 

 

The following Figures 28 and 29 are stress-strain curve diagrams of textile composites 

containing PET and Rayon as filler materials respectively. The variation among the dataset 

of specimens of both filler materials is relatively on a higher side which suggests that the 

mechanical behavior of these tested composites is not quite stable.  
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Figure 28. Stress-strain curves of textile composite specimens having PET as filler material 

 

 

 

Figure 29. Stress-strain curves of textile composite specimens having Rayon as filler 
material 

 

3.3 Density results 

The measurements of the densities of both filler materials are noticeable in Table 3. From 

the bar graph is very evident that the both materials are provide equal density properties to 

the textile composite and there is nothing of a bit with separates them a part in this regard. 
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Table 3. Density results 

Composite Density (g/cm3) 

PET 1.00 

Rayon 1.00 

 

 

3.4 Swelling in thickness and water absorption results 

The results of the swelling in thickness and water absorption are revealed in Figure 30 and 

figure 31 respectively. It can be seen from the figure 30 that the textile composite containing 

Rayon as filler material did not show any sign of swelling in thickness until day 4. However 

after day 4, its thickness values started to change and stood at 0.1%. In three weeks’ time it 

rose to 0.5% and from there on it did not experience any amendments.   

 

On the other hand, PET showed 0.1% modification in its swelling thickness and by two 

weeks it increased to 0.2% and afterwards it did not show further increment in swelling 

thickness. 

 

 

Figure 30. Swelling in thickness results 
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In Figure 31, water absorption test results are compared by line graph for both reinforcement 

materials. It is quite visible that the both materials have absorbed little amount of water 

during 28 days of testing period. Rayon absorbed 1% water in a day and within one week 

duration its absorption rate climbed to 2%. By week number four it went up to its highest 

point of 2.5%.   

 

On the contrary, PET water absorption rate stayed on the lower side in comparison to Rayon 

but it displayed smooth increase from day 2 to, day 28. PET absorbed only 1.5% of water 

during entire testing time. 

 

 

Figure 31. Water absorption results 

 

3.5 SEM results 

The scanning electron microscopy results of PET and Rayon are presented in Figure 32 and 

33 respectively. The magnification of 1.5 Volts were used along with object size of 100 

micrometer to 1 mm for both composite materials.  The microscopic pictures of both filler 

materials give idea about the orientation of fibers with matrix. The outcome of the scans are 

helpful to draw conclusion on the mechanical properties of tested textile composites. 

Furthermore, there is not much difference among fiber integration in both materials rather 

both have shown similar patterns.  
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Figure 32. PET’s SEM results 

 

 

Figure 33. Rayon’s SEM results 
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4 DISCUSSION 

 

In this chapter, results of all the experiments are discussed it details and compared with other 

similar relevant studies for further clarification. This research is conducted for only few 

mechanical properties of textile composites. However, the amount of fiber contents, fiber 

type, coupling agent, matrix contents, matrix type, manufacturing method, manufacturing 

parameters all have major roles to play in the final properties of the textile composites. The 

acquired results are discussed below one by one in the form of sub chapters.  

 

Although in literature there was no close enough related research of this manner in terms of 

textile composites to compare the outcomes of this study. The results of this study helps to 

compare textile composites with other composite materials which are manufactured using 

more or less same matrix, its wt% contents and manufacturing technology. Natural fiber 

composites are also applicable for comparison to give the general idea about the mechanical 

properties of textile composites. Nevertheless, reference material samples of PE (100%) 

were manufactured to match up some of the mechanical properties of textile composites. 

The comparison of the results is elaborated in upcoming sub headings.  

 

4.1 Impact strength 

Impact strength defines the toughness of a material. This mechanical property of a composite 

material is checked very carefully while deciding a particular composite material for given 

application. The outcomes of experiments in research have proved that the PET textile 

composites are more reliable, as they can absorb double the energy than of Rayon, during 

unexpected load. 

 

The comparison results of impact strength of textile composites with its reference material 

PE has shown that both textile composites (PET and Rayon) have performed better than 

reference material in terms of impact strength. It is notable that textile based PET composite 

has uncovered more than double the value of PE which suggests that textile composites could 

possibly be utilized in those applications where 100% of PE is used, if we take impact 

strength in consideration only. 
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In the comparison with the study of (Sormunen and Kärki, 2019), the impact strength of PET 

textile composite is high enough than of various other composites manufactured with 

recycled HDPE matrix. Figure 34 expresses the comparison of PET composites with other 

composites. It is noticeable in the Figure 34 that PET textile composite have good 

mechanical property of stiffness. They are more likely to bear applied surprising load than 

some of the other composites such as wood flour and wool. 

 

 

Figure 34. Comparison of PET composite with other studies of wood flour and wool 
composites (Sormunen and Kärki, 2019)  
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impact strength results were shown by primary sludge composite which was just less than 9 

kJ/m2. The other composites such as stone wool and stone dust showcased impact strength 
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et al. 2010). From textile industry’s perspective it is also worthwhile to mention that 

polyester based clothes or fabrics tend to stretch more than of Rayon based clothes. This 

could well be a reason that PET has performed better than Rayon in impact strength 

experiments. Also during the impact strength test it was observed that the specimens did not 

completely break into two pieces which indicates PET based composites have more 

possibility to bear sudden load than of Rayon.  

 

In the research of (Lei et al. 2007), some natural fiber composites such as bagasse and pine 

were manufactured using same manufacturing technology (as in this research) and same 

matrix material (recycled HDPE) with different fiber quantity 30 wt%, it is visible that the 

textile composites demonstrate far better properties in relationship with impact strength. 

Bagasse composite (with 3% coupling agent), presented 5.90 kJ/m2 and pine composite (with 

2.4% coupling agent) showed 6.09 kJ/m2. Both these values are almost half of what PET 

based textile composite has produced. These results show that the studied textile composites 

are not behind in race with other natural fiber composites. 

 

4.2 Tensile strength 

Tensile strength of a material is one of the important factor when it comes to the material 

selection for any application. The tensile strength results explain that the both filler materials 

(PET and Rayon) provide nearly same amount of tensile strength to the textile composites. 

Although the tensile strength values of Rayon were touch low as compare to PET but it is 

very difficult to draw a line between them. One reason perhaps can be the natural properties 

of Rayon fibers. Rayon fibers are naturally soft cellulose based fibers. On the other PET 

fibers are synthetic and are subjected to human manipulation for better properties. 

 

In the study of (Souza et al. 2011), similar composites were manufactured through injection 

molding technology by using 5 wt% and 10 wt% of modified textile fibers and HDPE (pure) 

as a matrix material. The researchers found that the textile composites displayed higher 

tensile strength as compare to the reference material (pure HDPE). Furthermore 10 wt% 

composition composite showed tensile strength of 24.1 MPa. It is worth to notice that the 

textile composites in which pure HDPE is utilized, has shown reasonably higher tensile 

strength and tensile modulus as compare to this study in which recycled HDPE was used. 

Off course this cannot be the only reason for higher tensile strength, as the fiber wt% and 
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manufacturing technology has a huge role to play as well. In order to make a conclusive 

statement it would be worthwhile to know also that to what extent the pretreatment and 

modification of textile fibers effects the overall tensile strength of textile composites. 

 

By analyzing the studied textile composites with other natural fiber composites, it is noted 

in the research of (Sormunen and Kärki, 2019), that the various composites were 

manufactured using similar manufacturing technology (compression moulding) and 

identical matrix material (recycled HDPE), with exact same coupling agent (3%) and 

additive (3%). Having said that the comparison of results show that the textile composites 

have provided nearly equal tensile strength values although the matrix ratio differs by 20%. 

 

One of the important point to be noticed in the study of Sormunen is that textile composites 

have performed better as compare to glass fiber composite in terms of tensile strength, 

usually glass fibers are considerably strong. In his study, glass fiber composite showed 

tensile strength of 7.9 MPa and mineral wool (recycled) had 7.9 MPa. On the other side PET 

based textile composite displayed the tensile strength of 8.9 MPa and Rayon based 

composite showed tensile strength of 8.0 MPa.  

 

Perhaps the reason could be linked to the percentage of matrix content, which might have a 

role to play in this case. Since Mr. Sormunen used 54% of HDPE along with 40% of glass 

fiber whereas, in this study 74% of HDPE was used with 20% of textile fibers and that has 

resulted textile composites having higher tensile strength than of glass and other natural 

fibers. This claim is in correlation with study of Mr. Sormunen in which he observed that 

tensile strength lessens as the percentage of filler material increases.  

 

In the study of Sormunen, glass fiber composite showed tensile strength of 7.9 MPa and 

mineral wool (recycled) had 7.9 MPa. On the other side PET based textile composite 

displayed the tensile strength of 8.9 MPa and Rayon based composite showed tensile 

strength of 8.0 MPa.  

 

In order to get the deeper understanding of mechanical properties of studied textile 

composites, a comparison is drawn with the leather waste composites investigated in the 

research of (Musa et al. 2017) which were manufactured using identical manufacturing 
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technology and matrix material. Looking at the tensile strength of leather waste composite 

having 20 wt% waste contents without any additives, it is evident that the leather waste 

composites have almost 2.5 times better tensile strength than of textile waste composites. 

However in terms of tensile modulus, textile composites have shown almost 73% better 

results as compare to leather waste composite. This suggests the superiority of textile 

composites in regard of tensile modulus.  

  

4.3 Density 

The density of the composite material is usually subjective to the fiber contents of 

reinforcement material. Density of tested textile composites is pretty much comparable with 

the study of (Keskisaari et al. 2019) in which they investigated the density of miscellaneous 

composite materials. It is noticeable that the density of both textile composites 1.00 g/cm3 is 

very much in touch with densities of other composites such as stone wool (1.09 g/cm3), stone 

wool (1.09 g/cm3), primary sludge (0.95 g/cm3), cellulose (0.88 g/cm3) and powder coating 

(0.68 g/cm3). Although the matrix contents of HDPE are dissimilar by 24% but it is found 

that densities of textile composite are almost matching with composites such as stone wool, 

primary sludge and cellulose.  

 

The study of (Sormunen and Kärki, 2019) has also produced roughly equivalent results in 

regard of density properties of diverse composite materials. Mr. Sormunen found in his 

research that the density of wood flour (rough) happened to be 1.02 g/cm3. The densities of 

mineral wool (recycled) and glass fiber composites stood at 1.28 g/cm3 and 1.21 g/cm3 

respectively, which again, are in close terms with textile composites as it was in the case of 

Keskisaari studies.   

 

4.4 Swelling in thickness and water absorption 

The results of swelling thickness show that both filler materials do not allow textile 

composite to swell or increase in volume. In fact, textile composite comprising Rayon as 

reinforcement material did not swell at all after being in water for 4 days. It only started to 

increase in volume by just 0.1% in one week time. It kept its resistance against the swell 

throughout the testing period and just reached to only 0.5%.  
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In contrast of Rayon, PET started to swell rather steadily but with very minimal increase in 

percentage. PET uncovered 0.1% increment in swelling thickness in one day. However, the 

ultimate swelling in thickness of PET happened to be less, compare to overall swelling in 

thickness of both materials during 28 days of water immersion. This gives an idea that Rayon 

based textile composites could be utilized in water applications where less tensile and impact 

strengths are required. 

 

The water absorption property of composite is very vital in order to avoid failures due to 

environmental effects or changes. The water absorption rates of both filler materials are 

different. Rayon based textile composite absorbed 2.5% water in the passage of 28 days 

while PET permitted only 1.5% of water to be absorbed. The PET’s water absorption rate is 

less than of Rayon and reason could be that PET belongs to the thermoplastic family and 

most plastics are very resistant to moisture. 

 

The comparison of textile composites is drawn in terms of water absorption (WA) and 

thickness swelling (TS) with the study of (Sormunen and Kärki, 2019), it can be observed 

that textile composites have far better results of TS than the composites which were 

investigated in the Sormunen’s study. The major difference being that the textile composites 

did not experience any shrinkage and also their TS % is almost negligible. Furthermore, the 

values of WA of textile composites are also nearly similar or better in comparison to other 

composites in that study. For example glass fiber experienced 2.3% of WA and 0.3% 

shrinkage in TS. And wood flour (rough) composite showed 5% of WA rate and 1.2% in TS. 

The overall results of textile composites in terms of WA and TS are better. This could well 

be related to the presence of higher percentage of matrix material in textile composites.   

 

4.5 SEM 

The scanning electronic microscopy pictures are utilized to observe the morphology of 

broken surface of composites and analyze the fiber and matrix behavior. The results of the 

SEM tests provide clear evidence that the fibers of both materials (PET and Rayon) did not 

integrate completely with the matrix material (HDPE). Strong bonding between the fibers 

and matrix is one of the key element for any composite material to offer good mechanical 

properties such as tensile and impact strength.  
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Apart from that SEM scans revealed that there are clear signs of pullout of fibers from matrix 

and also gaps have been observed between the textile fibers and matrix material. There is a 

lot of dispersion among the fibers and the arrangement is quite random, which is again very 

important factor for the mechanical properties of composite materials. 

 

From the study of (Souza et al. 2011), it is observed that pretreatment of textile fibers has a 

significant role to play in the adhesion of fibers and matrix. The results from the (Souza et 

al. 2011)’s study show that the chemical modification of textile fibers through H2SO4 

certainly enhances the bonding between fibers and matrix, as it eliminates the soluble 

extractives from the fibers and resulting in better compatibility with matrix. This claim is 

also supported by the study of (Mulinari et al. 2015) in which they has similar findings. 

Apart from pretreatment, it is also suggested from the study of (Rao et al. 2018) that the 

usage of maleated polyethylene (MAPE) also increase the appropriate adhesion between 

fibers and matrix.  
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5 CONCLUSION 

 

This research covers the vast topics regarding Textile. The textile industry is one of the most 

important industry around the world as textile products are used on regular basis. The amount 

of textile utilized around the world is huge, which has direct link to the creation of textile 

waste. The textile waste treatment options have been studied in recent years and textile 

recycling industry is still in its developing phase. Proper collection of textile waste, sorting 

and transportation are the main hurdles so far. EU solid waste directives have put the word 

forward to organize separate collection of municipality textile waste around the EU states.  

 

The strict legislation and regulations has forced governing bodies to limit landfilling and 

incineration of textile waste and rightly so as it has severe negative impacts on our natural 

environment. The stern laws have pushed officials and researcher to look for recycling 

alternatives and rather find sustainable solutions.  

 

In this research the emphasis was put on to uncover the potential use of fabric waste for 

composite science and utilize textile waste as a raw material to manufacture textile 

composites. For following reason PET and Rayon based waste fabrics were preferred to be 

used as reinforcement materials for composites because these materials are consumed 

abundantly in textile industry. The textile composites were manufactured using HDPE as a 

matrix material and compression moulding as a manufacturing technology. During this 

study, several experiments such as tensile strength, impact strength, water absorption, and 

density and SEM tests were deployed to study the mechanical properties of these composites. 

 

The acquired results from various examinations have shown that there is potential for these 

textile fibers specially PET, in composite engineering. For instance the outcomes of tests 

have proved that the tensile and impact strength of textile composites is better or match able 

with other composites, such as mineral wool, wood flour, glass fiber, cellulose and stone 

wool. The other mechanical properties of swelling in thickness and water absorption are also 

comparable. 

 

Considering the wider picture, it is evident from the results of this study that these 

composites especially PET based textile composite, could be utilized in those applications 
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in which 100% of PE or HDPE is used as a raw material. The textile waste can replace the 

usage of PE or HDPE by 20% in such applications. The commercial applications of these 

composites could include boxes, helmets, shower tabs, suitcases and automobile parts such 

as dashboards, cushions and interiors. 

 

This research has initiated opportunities for further investigations regarding the textile 

composites. One of the key factor research could be the size of fibers and HDPE particles. 

It was visible that the Rayon fibers did not fully integrate with HDPE and SEM pictures 

proved it so. May be smaller size of fiber and HDPE grains would be more compatible with 

each other. Furthermore, perhaps the adhesion between the fibers and matrix could also be 

improved by pretreatment of textile fibers as the studies of the some of the researchers 

suggested. The fiber orientation could also be looked upon, as the fibers positioning in tested 

composites was very random. Textile composites with unidirectional fiber orientation may 

show improved mechanical properties than of randomly oriented fibers. However, further 

investigations are required to draw a concrete conclusion on this. Further, based on the 

assumption of Life Cycle Assessment (LCA) analysis, it can be said that the replacement of 

20% of HDPE material with textile waste could reduce the emissions contributing to 

environmental sustainability. In addition, it can be said that the consumption of resources 

might decrease due to the replacement of used textiles in the composite material. From a 

LCA perspective, these two assumptions could be helpful in further analyzing different 

characteristics of composite material. However, the present study did not take into 

consideration the mechanical strength of the initial material of HDPE, it is difficult to draw 

conclusions and compare it to the textile composite. Further, this study has not taken a cradle 

to grave (LCA) perspective in determining the exact environmental impacts of the textile 

composite material. Therefore, future studies could take an LCA perspective to analyze the 

environmental and sustainability impacts of composite material. Further, it would be 

interesting to analyze the flow of material and resources as it will provide more insights into 

the implementation of systems of circular economy. 
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