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Chapter 1 

INTRODUCTION 

 

In the 21st century, waste has become the primary concern for the manufacturing sector and 

industries. Waste management is a critical issue for controlling many types of waste, including 

solid, liquid, and gaseous forms. The numerous techniques used in industry, business, and 

institutions to control waste and resource development [1]. The manufacturing of carpets and 

their uses is a substantial source of waste. In this context, the many techniques employed for 

reusing carpet waste products. The manufacturing sector is generating waste from the initial 

product development to the end products. The generation of waste leads to the imbalance of 

the environmental conditions and hazardous effects on the ecology. The proper utilization and 

recycling of discarded products is a feasible solution for waste management [2], [3]. The 

principle of “waste to wealth” could be helpful for manufacturing industries and human beings. 

The waste generated from the carpet and textile industries is a matter of concern due to their 

bulky sizes and decomposition cost. Exploration for the production of discarded carpet polymer 

materials is in its early stages and requires greater interest from academia, research, 

manufacturing, and organizations. The present work highlights the fundamental introduction 

about the carpet sector and waste generated from carpet and textile products. A novel approach 

is presented to utilize the carpet waste for the generation of lightweight structural applications. 

An attempt has been made to overcome the limitations of the existing manufacturing methods 

by using the resin transfer molding method in a vacuum environment. This research work will 

provide a novel direction for reusing waste carpets into an appropriate composite form. This 

method will reduce the discarded carpet and a simultaneously environmentally friendly 

approach shall be helpful for the manufacturing sector.  

1.1 Brief history  

The carpet word is derived from the old French " CARPITE," and according to the dictionary, 

it first appeared in the late 13th century and meant "Coarse Cloth". It came to mean "Tablecloth 

or bedspread" until the 14th century. In some cases, the term "rug" can be used instead of " 

carpet". But the rug is generally considered to be smaller as compared to carpet. Usually, the 

carpet was prepared from wool before the 20th century. Still, after the 20th century, artificial 

fibers such as nylon, polyester, and polypropylene are commonly used because they are less 

expensive and have greater design flexibility than natural fibers [4]. 
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The carpet industry in India is one of the oldest and most prevalent sectors. India has a long 

history of carpet weaving, a technique that draws on skills and expertise from worldwide, 

including Persia, China, and Afghanistan. Mughal Emperor Babar was displeased with the lack 

of amenities in India as compared to Persian luxuries, including carpets. He developed a carpet 

manufacturing industry (Agra) for the Persian carpet in India from 1580 onwards. Later, to 

speed up the production of Persian-styled carpets, Akbar established carpet weaving enterprises 

in Agra, Delhi, and Lahore. The main centers of the carpet industry experienced rapid growth 

in India north-western region (Kashmir, Jaipur, Agra, Bhadohi, and Mirzapur) [5]. Between 

the 1930s and 1990s, almost all carpets were made with synthetically colored wool. An 

embargo on Iran diverts significant exports to China, India, and Tibet in the 1980s. The use of 

organically colored wool in hand-knotted oriental rugs became popular in the 1990s. 

1.2 Major carpet belts in India 

Carpets have been utilized for various purposes, comprising tile or concrete floor insulating, 

crafting a floor area more decorative and comfortable for sitting, and sound insulation. Jaipur, 

Bikaner, Rajasthan, Bhadohi, Mirzapur, Agra, Kashmir, and their border areas are the primary 

industrial and manufacturing belt in the carpet and textiles sector. 

1.2.1 Uttar Pradesh (Agra, Bhadohi, and Mirzapur) 

Uttar Pradesh carpets are known all over the world for their distinctive colors and designs. 

Bhadohi, Mirzapur, and Agra are the three main carpet centers in Uttar Pradesh. Since Agra 

(Uttar Pradesh) was the capital of Akbar's kingdom, it was the first carpet center in Mughal 

India. This city is well-known for its Persian-style carpets. Furthermore, Abussan and Turkman 

designs with beautiful flower borders surround elegant and simple motifs. 

1.2.2 Kashmir 

Kashmir is the epicenter of the Indian oriental carpets and rugs, given their popularity 

worldwide. Hand-knotted woolen and silk carpets are known for their quality and artistic 

expertise. Most of India's carpet-producing centers are located in Kashmir, and these are famed 

for their traditional hand-knotted silk carpet weavers. Kashmir's conventional silk carpets can 

be traced back to the Mughal Empire. Kashmir’s carpet's look and design are based on a Persian 

carpet layout and pattern. 
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1.2.3 Rajasthan  

Rajasthani carpets have been long noted for their high-quality hand-knotted woolen fibers. 

Jaipur, Ajmer, and Bikaner are the prominent locations for this craft in Rajasthan. During the 

Mughal Empire, Jaipur was another major carpet weaving center. Artists from Afghanistan 

arrived in Rajasthan's royal ateliers in the 17th century, and they have really flourished carpet 

production in Rajasthan. 

1.3 Carpet manufacturing techniques 

There are various types of carpets available in India. Every type of carpet in India has a unique 

design that attracts different spectators and buyers. Carpet weaving utilizes multiple 

techniques, including some Mughal period procedures, which are still in use today. Some 

specific methods have been outlined here for better understanding as follows. 

1.3.1 Hand-knotted carpets  

The Mughals pioneered this technique. This carpet has potential because workers hired by the 

ruling elite made it. The patterns have initially been Turkish and Persian in origin but were 

eventually Indianized. Kashmiri art incorporated many of the techniques and designs. 

1.3.2 Hand-tufted carpets  

In this method, a backing material is pumped into the carpet pile using a tufting gun and then 

attached to a secondary backing fabric with a latex solution for stability. The design is then 

completed with the usage of the third backdrop cloth. Tufted carpets can be made with either a 

loop pile or a cut pile. 

1.3.3 Hand woven carpets  

It is a combination of hand-knotted carpets and flatweave carpets. When compared to walking 

on a bare concrete floor, rugs can be utilized for various commercial and domestic purposes, 

including room decoration, creating a comfortable location to sit, walk, etc., and sound 

absorption. They have a lot of design flexibility in terms of fiber morphologies, color, and fiber 

length. 
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1.4 Historical hierarchy of advancement in carpets 

There are changes in the textile era and development in various carpets with a unique design. 

As the following outline shows, some specific types of carpets have been used. 

1.4.1 Antique carpets 

Antique carpets have been weaved for longer than a century (before the 1920s). They are 

traditional woven carpets with natural dyes before introducing synthetic dyes (during 1860-the 

1870s). 

1.4.2 Semi-antique carpets 

Semi-antique carpets were made in the early to the middle part of the 18th  century, from around 

the 1800’s up to about 1900’s. In this era, the carpet industry saw a revamp. The rise of new, 

less costly carpets did away with the need for hand-woven carpets in the market following the 

economic depression and the short-lived post-depression market period. 

1.4.3 Modern carpets 

Modern carpets are woven from the 1900’s to till today are recognized as modern carpets. 

Western preferences and needs are generally accepted to have affected these rugs. Carpets 

woven before the 17th century are extremely rare and can only be found in Encyclopaedic and 

Historical Museum collections. 

1.5 Classification of carpet  

The following are the most common types of carpet available. 

1.5.1 Tufted carpets  

As illustrated in Figure 1.1, tufted carpets are still manufactured today. Tufting is the stitching 

of face yarns onto a backing material with multi-purpose machinery. The fibers are secured to 

the pre-woven backing by a thick latex coating. An additional backing can be employed for 

added dimensional stability. 
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Figure 1.1 Tufted carpet [6] 

1.5.2 Woven carpets 

These carpets are woven on large looms in the same way that any other cloth is woven. They 

could have loops and stacks that are cut and uncut. On the carpets, a range of bright yarns is 

utilized to create various patterns and designs. The woven carpet is illustrated in Figure 1.2.  

 

 

Figure 1.2 Woven carpet [7] 
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1.5.3 Non-woven carpets  

Non-woven carpets are made in a different way than tufted and woven carpets. Non-woven 

carpets are made from polypropylene fibers. Needle punching creates a web from the strands, 

which is then thermally fused to create the rug. They are most commonly used in automotive 

applications and for short-term uses such as exposition halls and foot-mats, as shown in Figure 

1.3. 

 

Figure 1.3 Non-woven carpet [8] 

1.6 Other types of carpets 

The carpets are made in various methods, materials, and designs that are classified as follows. 

1.6.1 Flatweave carpets 

Figure 1.4 displays a flatware carpet that is used as a floor covering in a specific location. 

Interlocking warp and weft threads are used to achieve this significance. Oriental flatwoven 

carpets include kilim, soumak, plain weave, and tapestry weave. This is very common in Asian 

countries, such as Japan. 
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Figure 1.4 Flatweave carpet [9] 

1.6.2 Needle felt carpets 

The needle-felt carpet is significantly better in terms of technology, as shown in Figure 1.5. 

Individual fibers are attracted to one another by electrostatic attraction, resulting in a one-of-a-

kind carpet with exceptional durability. In commercial and industrial applications such as 

hotels and high-traffic areas, a needle felt mat is used. 

 

Figure 1.5 Needle felt carpet [10] 

1.6.3 Velvet carpets 

Velvet rugs (Figure 1.6) are incredibly soft and have a uniform color; they are delicately 

twisted, and their rich appearance makes them ideal for formal rooms. 
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Figure 1.6 Velvet carpet [11] 

1.6.4 Handwoven carpets 

Hand-knotted and hand-woven carpets and rugs (Figure 1.7) are treated in the same way. Floor 

coverings that are handwoven or knotted, on the other hand, differ slightly. There is no pile on 

flatweaves. They are woven on a particular sort of loom with very precise weft and warp 

placement. 

 

Figure 1.7 Handwoven carpet [12] 

1.6.5 Fiber type carpet 

As shown in Figure 1.8, this type of fiber used to make carpet affects its durability, appearance, 

and cost. The most common fiber kinds include nylon, olefin, polyester, acrylic, wool, and 

blends. 
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Figure 1.8 Fiber type carpet [13] 

1.6.6 Nylon carpet 

The nylon type (Figure 1.9) is the most common fiber used in carpets. Nylon is a durable, long-

lasting material that can withstand environmental factors. When exposed to direct sunlight for 

an extended period, it develops a static electricity conductor that fades. 

 

Figure 1.9 Nylon carpet [14] 

1.6.7 Olefin carpet 

The olefin carpet is modern, as displayed in Figure 1.10. This fiber is ideal for outdoor 

carpeting since it is mold and mildew-resistant. 
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Figure 1.10 Olefin carpet [15] 

1.6.8 Polyester carpet  

As shown in Figure 1.11, polyester is gaining popularity as a less expensive alternative to other 

textiles. It has a smooth feel when combined with a thick cut-pile construction. Because it is 

less resilient and prone to breakage and fading than nylon fiber, it is unsuitable for high-traffic 

areas. 

 

Figure 1.11 Polyester carpet [16] 

1.6.9 Acrylic carpet 

Acrylic carpet is not a popular material, but it mimics the look and feels of wool-based carpets 

for a fraction of the price. It is mold and mildew resistant, but it does not have a higher electrical 

conductor carrying capacity. Figure 1.12 depicts the acrylic carpet. 
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Figure 1.12 Acrylic carpet [17] 

1.6.10 Wool carpet 

Figure 1.13 shows the wool materials carpet is the only natural fiber used in carpet production 

and the most expensive carpet material available today. It provides a lovely feel against bare 

feet and is quite long-lasting. It is stain-resistant, but when exposed to direct sunlight, it fades 

swiftly. 

 

Figure 1.13 Wool carpet [18] 

1.6.11 Blends carpet  

As shown in Figure 1.14, the blend material carpet with these fiber blends has a better overall 

look and feel and more excellent durability. Wool and nylon are the most prevalent 

combinations. 
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Figure 1.14 Blends carpet [19] 

1.7 Application of carpet  

As listed below, there are numerous applications for carpets in daily life. 

1.7.1 Residential use carpets 

Carpets for domestic use are accomplished worldwide, with the major markets being the United 

States and Western Europe. The Indian subcontinent and China are emerging as major carpet-

producing regions. Figure 1.15 depicts the use of carpets in daily life. 

 

Figure 1.15 Daily life application of carpet 
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1.7.2 Thermal insulation carpets  

Carpets are exceptional thermal insulators, and a suitable underlay provides that characteristic. 

When used with traditional heating systems, carpet and underlay's insulating properties can 

effectively reduce heat loss through the floor. Depending on the construction and specification, 

the carpet can have a thermal insulation rating of 0.1 m2K/W to 0.3 m2K/W. When under-floor 

heating is used, it is assumed that the carpet acts as a heat transmitter to the airspace above. 

Figure 1.16 shows the application of thermal insulation carpet.  

 

Figure 1.16 Thermal insulation carpet [20] 

1.7.3 Acoustic insulation 

In three different methods, carpets can provide acoustic insulation. The properties of this are 

material characteristics that impact sound absorption and acoustic absorption. This is 

concerned with sound is conveyed into the chamber below, such as a footfall or a dropped 

object. The carpet pile absorbs impact energy, transforming a high-frequency thud into a low-

frequency thud with far less effect on the ear.  

1.8 Generation of carpet waste 

Nowadays, carpet waste is a considerable concern for the environment and the economy due 

to the costs involved in the deposal of waste carpets. Only a small fraction of it gets recycled 

every year compared to carpet waste produced worldwide [21], [22]. Carpets are widely used 

worldwide for floor covering, homes, offices, commercial centers, decorative purposes, etc. In 
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our daily lives, almost all of us see carpet in various forms near our surroundings. Since India 

is the world's second-largest country after China, with a population of around 130 crores. Such 

a large population generates a large amount of carpet waste every year [23]. Carpet waste of 

about 40,000 tons is sent to a landfill in the UK itself [24]. Due to this, it has become a global 

concern. Only a small percentage of the amount of carpet waste that is produced every year 

gets recycled. Carpet waste recycling requires multiple steps of processing, which makes it 

difficult and expensive [25]. Considering carpet waste as landfilling options becomes 

uneconomic due to its non-biodegradable nature and increment in charges of landfilling. It is a 

type of solid waste that is causing environmental issues. Thus, it becomes essential to find some 

solution to convert such solid waste into a useful form with several applications. The burning 

of this fibrous waste releases high toxic fumes, which result in danger to human health [26]–

[28]. Carpet waste can be collected in two forms, depending on its source of origin [29], [30]. 

1.8.1 Pre-consumer waste 

Figure 1.17 demonstrates the trimmed carpet waste which is collected from manufacturing 

firms or factories. These are collected from garbage piles or dustbins. Pre-consumer carpet 

waste includes the trimmed scrap generated at the time of manufacturing or production of 

carpets per customer needs and demands, such as in cinema halls, households, educational or 

institutional complexes [31], [32]. For making a suitable design according to requirement, 

carpet is trimmed out, and this trimmed part cannot be utilized further at the same place. This 

generated waste has a shrunken and irregular shape and cannot be used further directly. About 

10% of the total carpet waste is generated as scrap [33], [34].  
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Figure 1.17 Trimmed waste (Pre-consumer carpet waste) 

1.8.2 Post-consumer waste  

Postconsumer waste comprises carpet waste generated after it becomes useless in households 

and commercial buildings [35]–[37]. Figure 1.18 depicts the waste carpet after it has been used 

by consumers and thrown into dustbins. The users directly throw these carpets as waste. The 

carpet waste management hierarchy is depicted in Figure 1.19. 

 

Figure 1.18 Useless carpet waste (Post-consumer carpet waste) 
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Figure 1.19 Carpet waste management hierarchy 

1.9 Recycling of waste carpet  

Green manufacture, waste management, application, and environmental development are the 

most important things to keep in mind in the manufacturing sector in the modern era. With the 

generation and increasing of carpet wastes from many fields, its re-utilization has become a 

matter of concern to convert this waste into a valuable product to maintain waste material [38]–

[40]. Many research works have been conducted to recycle carpet waste. Various recycling 

processes have been proposed based on the methodology applied and production of product 

quality. The following categories have been presented for carpet waste recycling. 

1.9.1 Primary recycling 

Primary recycling (de-polymerization) is mainly concern with chemical approaches. This 

involves detaching the face fibers from its backing. This can be done manually or by a 

particular designed machine. 

1.9.2 Secondary recycling  

Secondary recycling requires recouping the individual components of a polymeric mixture 

without necessarily breaking them down to the monomeric form. This category includes 

various extraction. 
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1.9.3 Tertiary recycling  

Tertiary recycling or melt blending is a physical methodology. It is a widespread procedure 

due to its flexibility and simplicity [41], [42]. This process involves chopping of carpet into 

simpler pieces and then blends by melting. This blend of carpet constituents is utilized to 

manufacture secondary plastic materials. 

1.9.4 Quaternary recycling  

Quaternary recycling involves the incineration of carpet waste to obtain thermal energy. While 

burning, this has higher ash content than that of coal. The problems with incineration or the 

generation of carpet-derived fuel (CDF) increase air pollution containing NOx emissions.  

It has become clear that a new method is required to develop carpet recycling to reduce the 

problems generated through conventional techniques. Therefore, this work has conducted an 

approach toward the reutilization of discarded carpet, which is quite different from the above 

recycling process. This study focuses on fabricating composite by utilizing the waste carpet, 

which can be used in low structural applications. So, before we get into the details of 

fabrication, it is important to realize the basics of composites. 

1.10 Composites  

The term composite is defined as "Composites are material systems that are multifunctional 

and have properties that differ from discrete phases viz., matrix phase and reinforced phase. In 

other words, two or more materials are physically combined to form a cohesive structure with 

improved properties." Composite materials are primarily composed of two phases mentioned 

above, which are described in the following order. 

1.10.1 Matrix phase  

The matrix is a primary phase with a continuous character. It has a more ductile nature and a 

softer phase. The role of the matrix phase is to keep the secondary phase (reinforcement) in 

the desired shape and share the load with it. 
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1.10.2 Reinforcement phase  

These phases have a discontinuous form entrenched in the matrix in specific ratios to enhance 

the physical and mechanical properties. These are less ductile and stronger than the matrix. It 

is also called as reinforcing phase. 

1.11 Classification of composites  

Composite materials have been classified mainly on two bases. The first classification is based 

on matrix material type composites, and the second is based on reinforcing material type 

composites. These types are depicted in Figure 1.20 and Figure 1.21, respectively. 

1.11.1 Classification based on matrix materials   

• Polymer matrix composites (PMC)  

These are composed of matrix derived from polymer-based materials like thermoset or 

thermoplastic [43]. The materials which come under thermoset are unsaturated polyester, 

epoxy, etc., and that which comes under thermoplastic are polycarbonate, polyvinylchloride, 

nylon, polystyrene, etc. Others that could be considered include PMCs, embedded glass, 

carbon, etc. PMC consists of fibers as reinforcing material which is comparatively much stiffer 

and more robust than the matrix. It also becomes attractive due to its lightweight properties, 

which can be modified for any particular application. 

• Metal matrix composites (MMC)  

A metal matrix composite is a composite material made up of at least two constituent elements, 

one of which must be metal and another metal, ceramic, or organic ingredient. A hybrid 

composite consists of three or more materials. 

• Ceramic matrix composites (CMC)  

These are comprised of a ceramic-based matrix with embedded fibers of any ceramic materials 

or other material in the dispersed phase. Reinforcement in CMC can be short (discontinuous 

fiber) or long fiber (continuous fiber). Silicon carbide (SiC) is mainly preferred as a reinforcing 

material because of its high strength and stiffness. It is used in high-temperature applications, 
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but it has poor tension and shear properties. Figure 1.20 depicts the classification of composite 

based on the matrix phase. 

 
Figure 1.20 Types of composite materials based on matrix  

1.11.2 Classification based on reinforced material 

• Particulate composites  

The name suggests that the reinforcement in such a composite is a particle in nature. The 

particle in this composite can be cubic, spherical, tetragonal, or any other regular or irregular 

shape, but the condition is approximately equiaxed. These particles help enhance properties of 

composites such as creep, wear, and abrasion resistance, etc.  

• Fibrous composites  

Fibrous materials are distinguished by having lengths that are significantly greater than their 

cross-sectional area. However, the dimension of the reinforcement determines its contribution 

to the composite's properties. Fibers significantly improve the matrix's fracture resistance 

because their long size discourages crack growth. The surface area of the fiber matrix is kept 

as large as possible for better load transfer to the fiber composite. 

• Structural composites  

Structural composites are layered composites that are generally low-density composites and 

used in applications requiring structural integrity, high tensile strength, high stiffness, etc. 

These composites are strong and lightweight. The properties of composites are dependent on 
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constituents and the geometrical design of the structural element. Figure 1.21 depicts the 

reinforcement-based classification of composite materials. 

 

Figure 1.21 Classification of composite materials based on reinforced 

Summary  

This chapter provides a brief history of carpet origins, major belts in India, carpet advancement 

generation, classification, and application potential. Later, the development of carpet waste and 

its recycling technique are discussed. At last, a brief description of composite materials, their 

classification, and similar critical functions in engineering fields. 

Following a brief overview of carpet materials' applications, waste utilization in engineering, 

the significance and challenges for the development of polymer composites are described. The 

importance of recycling techniques for the development of discarded polymer composites 

materials is discussed in the following chapter, including a literature survey of current and 

previous work related to fabrication and characterization.  
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Chapter 2 

LITERATURE SURVEY  

 

Waste re-utilization provides a feasible way for the development of cost-effective products and 

reduces environmental hazards. Very limited studies exist on the reuse of carpet for composite 

development and waste management. Nowadays, various types of carpet waste are available in 

garbage piles that are difficult to recycle. Several pioneering experiments have been conducted 

in order to utilize such waste in some appropriate form. An increase in the proper utilization of 

this waste can eliminate its concerns. Continuous research has been conducted to manage such 

wastes and could provide an alternate solution. 

Some of the preliminary research work was performed by eminent scholars for the reuse of 

solid waste generation from manufacturing industries. In this series, Bateman et al. [44] 

utilized the carpet waste by converting it into a functional product. The author was concerned 

about waste carpet and low-density polyethylene in this study (LDPE). Maleic anhydride 

(MAh) PE copolymer as a compatibilizer was taken in small amounts. This study used carpet 

fibers to reinforce polythene and concluded that it could be composite. Atakan et al. [45] 

fabricated valor designed automotive carpets using recycled waste to improve abrasion 

resistance. This author took recycled polyethylene terephthalate (rPET) taken from PET bottles 

and concluded that molded carpets made of rPET had improved mechanical and fastness 

properties. Haines et al. [46] utilized the shredded post-consumer carpet waste as fuel material 

in cement kilns that exhibit high heat value similar to low-grade coal. They were found a 

negligible rise in carbon monoxide and other un-burnt substances. They found a significant 

increase in nitrogen oxide (NO) due to nylon fibers. Rushforth et al. [47] investigated the 

soundproof performance of material prepared from recycled granulated carpet tiles. It has better 

sound insulation quality and acoustic properties that are influenced by sieving granulated 

waste. Karaduman et al. [48] studied the comparative behavior of dry and water absorption 

carpet waste jute-reinforced polymer composites. They revealed that the impact strength of wet 

composite increased by 30%, while the flexural strength and modulus decreased by 40% and 

65%, respectively. Kocak et al. [49] were carried experiments by combining carpet waste with 

cement and water in various ratios. They conducted flexural and impact tests, and the results 

revealed that the flexural strength increased with density while their impact strength remained 

constant. Additionally, the material is resistant to moisture and termites. These properties 
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thereby enhanced the ductility of concrete with more significant absorption of energy and 

modified crack distribution. Hence this novel prepared concrete can be utilized in constructing 

building material and structural bodies.  

Sotayo et al. [50] were made composites with a variation of wool face fiber and synthetic face 

fiber to convert these wastes into valuable composites. They utilized composite as an alternate 

for timber and PVC material in posts and rails for fencing purposes. It was reported that the 

average flexural strength for the new composite was twice the tensile strength. Alrshoudi et al. 

[51] performed experiments to utilize the waste in construction. They have observed an 

excellent combination between polypropene carpet material and palm oil fuel ash. It reflects 

that the interaction between the matrix and the fiber was made to enhance flexural and tensile 

strengths, elasticity, energy absorption, and impact resistance. Despite this, the inclusion of 

carpet fibers did not affect compressive strength.  Dayiary et al. [52] experimentally analyzed 

the compression behavior of cut-pile carpet by the theoretical model with various fibers such 

as PP, acrylic spun, etc., based on energy storage under constant compressive stress and 

concluded that the proposed theoretical model shows a good relationship with experimental 

results.  

Awal et al. [53] fabricated a novel composite, carpet fiber reinforced concrete from 

polypropylene waste carpet fiber and plain concrete. They were found that incorporating carpet 

fiber into concrete significantly decreased the workability and concrete density and enhanced 

the flexural and splitting tensile strengths of concrete. A relation of decreasing modulus of 

elasticity with the increase of fiber amount was found. The author also reported that the 

shrinking strain of fabricated composite was higher than ordinary plain concrete to improve 

soil cohesion and reinforcement.  Miraftab et al. [54] studied to provide green and sustainable 

development by incorporating waste nylon carpet fiber into the clayey soils. The author 

reported that this combination had better load-bearing capacity, internal cohesion, shear, and 

comprehensive strength than the ordinary clayey or substandard soils. Soil moisture content 

plays a vital role in improving the above properties. Fiber type, fiber length, soil nature, and 

environmental conditions can also affect the results of such prepared composite to enhance the 

properties of glass fiber reinforced polymer (GFRP).  Wang [55] studied improve FRC 

properties by incorporating the recycled nylon fibers from industrial carpet waste. The results 

revealed improvement in shatter resistance, ductility, and energy absorption compared with 

virgin polypropylene (PP) fibers used earlier. Gowayed et al. [56] prepared the composite 

material by taking PP carpet waste fabric as reinforcement and polyethylene (PE) waste as 
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matrix material. They reported that fabricated composite revealed enhanced mechanical and 

chemical properties than that of pure polyethylene. Jain et al. [22] executed structural 

composites from the waste carpet through the vacuum-assisted resin transfer molding 

(VARTM) technique. Two types of carpets, such as nylon and olefin-based, were used for 

fabrication purposes. This paper included characterization such as flexural test and SEM of 

composites and their applications, including a low-cost container, civil infrastructure 

components, and materials for impact protection, etc. This technique obtained an improved 

mechanical property of carpet composites compared with other recycled carpet-based 

materials. Islam et al. [2] developed insulation materials made from recycled textiles for 

acoustic and thermal applications. This played an important role in energy savings and the 

reduction of environmental pollution. One sector which produces a large amount of waste is 

the textile sector, though these wastes contain valuable fiber products. These wastes can be 

recycled to make various products for several applications, including thermal and acoustic 

applications mentioned above. This recycling process helped in the reduction of waste and fight 

against severe environmental issues.  Xanthos et al. [51] fabricated a low-cost thermoplastic 

composite with consistent properties by taking nylon-6 fibers from used carpets and thereby 

used them for building applications. It can be used as a replacement for wood thermal barriers 

used in steel-based stud assembly. Flexural strength, modulus, and strength of LDPE decreased 

by the presence of Automotive shredder residue (ASR). Strength and strain at break decreased, 

but modulus of LDPE in tensile and flexural loading increased by the addition of carpet residue. 

Carpet residue-based composite shows better results than ASR-based thermal barrier in terms 

of higher density, reduced creep rate, thermal conductivity, leachates, and flammable 

properties. Zareei et al. [57] investigated the change in tensile, compressive as well as flexural 

strengths when recycled waste ceramic aggregate (RWCA) and waste carpet fiber (WCF) were 

combinedly utilized in high strength concrete (HSC). It was found that when RWCA replaced 

40% natural coarse aggregate (NCA), it increased the compressive, tensile, and flexural 

strength by 13 %, 15%, and 3%, respectively. WCF was added to the same mixture. It increased 

the tensile strength up to 21%. Combinedly showed an increase in water absorption by 48%. 

Miraftab and Mirzababaei [58] summarized almost all possible theories, which could be 

provided as a bunch of information collected. The area of topics that he covered started with 

the introduction, which included generation and concern of carpet waste. This paper had 

different pieces of information were the categories of carpets in which post-consumer carpets 

were focused more. Now, the challenging work related to recycling of such waste carpet were 

explained. Future scope, sources, government role, and consumers regarding carpet waste as a 
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matter of concern were all discussed. Thakur and Thakur [59]  fabricated polymer composites 

based on cellulose fibers of different varieties. The use of cellulose fibers as reinforcement 

components in other polymers helps develop specific properties into the product.  

The reason behind this to be the attraction for the researcher is its ease in availability, 

friendliness to the environment, ease in the processing of having applications in the field from 

automotive to medical.  Kumar et al. [60] fabricated structural composites from the post-

consumer carpet using the VARTM process. This effort was made to convert such waste into 

an application form. In this paper, such composites used as structures act as a noise barrier in 

the form of the noise absorption coefficient. For a range of frequencies, it was found that the 

noise absorbed by fiber composite was better than conventional for a range of frequencies. 

Gowayed et al. [61] fabricated composite by using waste fabrics and plastics. The composite 

synthesized was an environmentally benign fiber composite material. A polypropylene “PP” 

was chosen as reinforcing material, and polyethylene “PE” was selected as matrix material. 

These were chosen due to their abundant availability. It was found that an average tensile 

modulus initially for pure ethylene was 0.15 GPa and its average tensile strength was 9 MPa. 

Chemical treatment of the fabrics of “PP” was done for the promotion of “wetting” 

characteristics of “PP” for enhancing the surface compatibility between PP fabrics and PE 

resin. Fabrication of composite panels was done by compression molding machine and tested 

for different mechanical properties.    

Researchers have shown their interest in using carpets and other wastes that could be utilized 

in any form. They have tried to use scraps because of their availability and wanted to convert 

them into a usable manner by various methods. Some have mixed fibers of the carpet with other 

things, some other have done fabrication and characterization of composites which somehow 

helps in the utilization of waste.  
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Chapter 3 

METHODOLOGY 

 

This study relates to the re-utilization of waste carpets for developing the lightweight structural 

polymer composite. Generally, the life of any carpet is typically 10 to 15 years, after which it 

is discarded as carpet waste [62], [63]. There are generally two types of carpet waste, post-

consumer carpet waste, which includes carpets from end-of-life waste streams. Pre-consumer 

carpet waste includes scraps or off cuts generated during their manufacture and installation. 

There are numerous types of carpet materials such as nylon, wool, polyester, and 

polypropylene. Carpet wastes are generated by households, hotels, cars, buses, furniture, movie 

theatres, etc. These various carpet waste materials are used as reinforcement and epoxy resin 

as a matrix for the structural composite material. Epoxy improves the interfacial adhesive 

characteristics between reinforcement and matrix of the composites material. The composites 

are developed through the Vacuum-assisted resin transfer molding (VARTM) technique, which 

ensures the voidless infusion of the matrix in the carpet. This discloses the productive and cost-

effective approach for the utilization of carpet waste into the composite material. 

Additionally, this method refers mainly to the management of solid carpet industry waste and 

post-consumer carpet waste. This chapter explains the precise fabrication procedure of 

composite material from waste carpets. The flow chart of methods and processes elaborate in 

Figure 3.1 
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Figure 3.1 Flow chart for the proposed methodology  

3.1 Material selection  

3.1.1 Waste carpet 

For the development of composite, the waste carpet mainly has been collected from different 

sources of pre-consumer scraps from the Bhadohi carpet industry, and post-consumer like 

households and automobile waste both the carpet waste are shown in Figure 3.2 and Figure 3.3. 

 

Textile carpet waste 

Post consumer waste Pre comsumer waste 

Washing and drying process 

Carpet cutting in size 𝟑𝟎𝟎 × 𝟐𝟓𝟎 mm2 

Configuration BFFB and FBBF 

VARTM 

(Carpet pile + Resin) 

Hydraulic press 

Removal of prepared sample 

Sample prepration for mechanical testing 

and advanced characterization 
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Figure 3.2 Pre-consumer textile waste carpet 

 

Figure 3.3 Post-consumer textile waste carpet 

3.1.2 Epoxy and hardener 

The epoxy material is a thermoset resin, widely used in polymer composites for load 

distribution to reinforcement applications (Figure 3.4). The epoxy has significant advantages 

like fabrication at room temperature, excellent composite performance at elevated temperature, 

superior interlaminar shear strength properties, low shrinkage, resistance to a corrosive 

environment, and robust mechanical properties. For the fabrication of composites samples in 
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this project, epoxy was used as a polymer phase. For matrix materials, a solvent-free low 

viscosity, bisphenol-A-based epoxy resin (Araldite GY-257), and hardener (Araldite HY-951) 

were used. The epoxy and hardener were taken from M/s. Universal Enterprises (Polymer 

Division) 78/44 Latouche Road Kanpur-2008001 India. The properties of epoxy resin have 

dissipated in Table 3.1. 

Table 3.1 Specification of Epoxy resin (Araldite GY-257) 

Parameters Value 

Density 1.15gm/cc 

Viscosity 450-650 mPa.s at 250C 

Curing 250C 20-30 hrs. 

Specific gravity 1.8 

 

 

Figure 3.4 Epoxy resin and hardener 

There are certain items and tools are required for the fabrication setup, such as vacuum bag 

(Figure 3.5), mesh (Figure 3.6), peel ply (Figure 3.7), spiral tube (Figure 3.8), clamp, and resin 

tube (Figure 3.9), sealant tape (Figure 3.10), vacuum pump, etc. which shown below. The 

release agent, silica gel spray, was utilized to remove the developed specimen simply from the 

bottom surface. These carpet piles provide mechanical strength, whereas epoxy resin acts as a 

binding material and distributes the reinforced composite load. Polymer composite fabrication 

was done with the waste carpet (300 × 250 mm2) in FBBF and BFFB configuration by the 

infusion of thermosetting epoxy resin. 
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Figure 3.5 Vacuum bagging 

 

Figure 3.6 Resin distribution mesh  

 

Figure 3.7 Peel ply  
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Figure 3.8 Spiral tube 

 

Figure 3.9 Clamp and resin tube 

 

Figure 3.10 Sealant tape  
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3.2 Fabrication procedure of composite through VARTM technique 

The VARTM technique has been used for the polymer composite fabrication, which has the 

advantage of the uniform resin flow and minimum porosity while preparing the sample. The 

fabrication setup and block diagram are shown in Figures 3.11 and Figure 3.12. Initially, the 

acquired waste carpets are gently washed and remove all the dust particles. Cleaned carpets are 

dried in the open sunlight for 24 hrs. After the dying process, the carpet is cut in the dimension 

of 300×250 mm2.  The epoxy resin is used as a polymer matrix for the composite development 

of epoxy diglycidyl Bisphenol-A (Araldite GY 257) low-viscosity Tri-ethylene-tetra-amine 

(Araldite HY 951) used as a curing agent. The ratio of epoxy and the hardener is 10:1 ratio by 

weight. The carpet pile was laid down in a vacuum bag into both configuration BFFB and 

FBBF separately and airtight mold prepared with the help of tacky tape, polyethylene sheet, 

inlet, and outlet pipe, as demonstrates in Figure 3.11 and Figure 3.12. The vacuum pressure is 

applied with the vacuum pump of -0.85 atm pressure for the proper infusion of resin in the 

carpet pile through the spiral wrap. After appropriate infusion from the carpet pile, both the 

inlet and outlet pipe are clamped tightly and leave 30 hours for proper curing. All the processes 

are conducted at a room temperature of (approx. 25 oC). The fabrication work of composite by 

VARTM was performed at Materials & Morphology Laboratory, Department of Mechanical 

Engineering, Madan Mohan Malaviya University Technology, Gorakhpur, Uttar Pradesh 

273010 India (displayed in Figure 3.13).  

 

Description of Figure 3.11 

 

• Vacuum bag  

• Inlet valve 

• Sealant tape 

• Outlet valve 

• Vacuum box 

• Vacuum pump 

• Clamp 

• Air pressure gauge 
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Figure 3.11 Fabrication setup for the development of waste carpet composite  

 

 

Figure 3.12 Block diagram of VARTM setup 



33 
 

 

Figure 3.13 Fabrication processes at Materials & Morphology Lab., MMMUT Gorakhpur 

The fabricated sample (wool, nylon, polyester, and polypropylene) has been shown in Figure 

3.14. The waste carpet was resized to  300 × 250 mm2 and then combined their backings to 

obtain the FBBF configuration and fiber to fiber to obtain BFFB configuration.  

 

Figure 3.14 Fabricated sample from the different carpet waste material 

The processing of carpet wastes and sample preparation techniques are addressed in this 

chapter. Later, the selection of carpet waste materials for the development of composites was 

discussed. Epoxy and hardener, which has used as a matrix material for the proposed 

composite. After that, the VARTM technique was briefly described for the fabrication of the 

sample. 
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Chapter 4  

MECHANICAL AND MORPHOLOGICAL 

CHARACTERIZATION  

 

4.1 Mechanical characterization 

Mechanical characterization mainly performs to examine the properties of the material in static 

and dynamic force conditions. Their testing results ensure that material capacity and its 

suitability for the planned mechanical applications. This affects the mechanical strength and 

overall efficiency of the proposed material to be molded in an appropriate shape and size. This 

also includes the physical property evaluation of functional characteristics of structural 

composite material. Mechanical characterization of the proposed composite samples was done 

by the tensile test and flexural test analysis from the face BFFB (Back Front-Front Back) and 

FBBF (Front Back-Back Front). 

4.1.1 Tensile test 

The various polymer composites study compares the outcomes based on tensile data such as 

strength, modulus, and elongation at break. The specimen resists elongation during the test, 

and it is detected by the load cell the sample preparation and testing condition having a 

significant impact on the tensile strength value. The tensile properties of all materials are 

determined from the uniaxial tension and specimen prepared according to the ASTM D3039. 

Figure 4.1 shows the various dimensions specified as per ASTM D3039 standard for 

carpet/epoxy composite tensile specimen. Universal Testing Machine (UTM-WDW-5) was 

used to test the prepared samples. 

Tensile test procedure  

The tensile specimen is placed between the grips of a UTM as shown in Figure 4.2, and the 

load is given gradually until the specimen fails. An average test speed for testing standard test 

specimens is 2 mm/min. The universal testing equipment is connected to a computer, and 

experimental data are acquired using software that calculates deformation and tensile strength. 

Testing in multiple orientations (BFFB and FBBF) is evaluated depending on the reinforceme

nt and type of composites. This test was repeated for all the specimens chosen for the test. 
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Figure 4.3 shows the tensile test samples before testing, and Figure 4.4 shows the tensile test 

samples after testing. 

 

Figure 4.1 Specimen of the tensile test (ASTM D3039) 

 

 

Figure 4.2 Tensile testing on UTM machine at CIPET, Lucknow  
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Figure 4.3 Samples of tensile test (A) Nylon BFFB (B) Nylon FBBF (C) Wool BFFB (D) 

Wool FBBF (E) Polyester BFFB (F) Polyester FBBF (G) Polypropylene BFFB (H) 

Polypropylene BFFB 

 

Figure 4.4 Tested samples (Tensile) 
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4.1.2 Flexural test 

Flexural testing determines a sample's flexural stiffness and bending strength by testing its 

ability to withstand both 3-point and 4-point bending. This research utilizes the UTM machine 

to carry out a 3-point bending test. The flexural strength is defined as the material's ability to 

resistant the bending action against an applied force vertical to the longitudinal axis. The 

generated stress is a combination of tensile and compressive stress. Flexural strength is also 

known as rupture modulus, bending strength, or fracture strength. It is a mechanical property 

that is defined as the ability to resist deformation when being loaded. The bending test in 

transverse is most frequently used where a specimen with either a rectangular or circular cross-

section is bent until fracture. The ASTM D790 standard is commonly used in the polymer and 

composite sectors and is often quoted for bending strength measurement. The obtained flexural 

strength of the material and allows users to select the materials that do not fail when supporting 

the loads required for the application.  

Flexural test procedure 

A three-point bend fixture conducted flexural tests on the universal testing machine, as shown 

in Figure 4.5. The UTM was connected with a computer so that the experimental values were 

taken. The flexural strength and the flexural modulus were obtained directly from the computer. 

The dimension of the specimens was considered according to ASTM D790 standards, as shown 

in Figure 4.6. A schematic diagram of the flexural test setup is represented in Figure 4.7. Adjust 

the support span length with the standard determined length. Place the test specimen on the 

three-point bend fixture and begin the test on the universal testing machine by applying the 

load gradually. The bending load was applied to the specimen until it delaminated and 

broke. This delamination indicates the failure of the sample. Figure 4.8 shows the flexural test 

samples before testing, and Figure 4.9 shows the flexural test samples after testing. 
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Figure 4.5 Flexural test specimen on UTM

 

Figure 4.6 Specimen of the flexural test (ASTM D790) 
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Figure 4.7 Schematic diagram of the flexural test setup 

 
Figure 4.8 Samples of flexural test (A) Nylon BFFB (B) Nylon FBBF (C) Wool BFFB (D) 

Wool FBBF (E) Polyester BFFB (F) Polyester FBBF (G) Polypropylene BFFB (H) 

Polypropylene FBBF 
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Figure 4.9 Tested samples of flexural test 

4.2 Morphological characterization 

The microstructure and metallurgy of substrates, particularly at the surface, are usually required 

to be well understood in high-value production since they influence the safe loading conditions 

and longevity. Morphological characterization of the developed composite has been performed 

to characterize based on thermal properties of the material, microstructural analysis. In this 

work, the chemical composition of the material, phase of the material, and crystallinity of the 

discarded composite samples are also investigated. 

4.2.1 Thermal gravimetric analysis (TGA) 

Figure 4.10 shows TGA 55 machine was used for thermal analysis of the developed carpet 

waste structural composites at the Indian Institute of Technology Roorkee (IITR) Saharanpur 

Campus lab. Thermogravimetric analysis, often known as thermal gravimetric analysis (TGA), 

is a thermal analytical technique that determines the mass of a sample as temperature changes 

over time. In particular, this study gives information on physical phenomena like the 

transitional phase, absorption, and desorption of substances. 
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Figure 4.10 Thermogravimetric analyzer 

4.2.2 X-ray diffraction (XRD)  

Fully automated optical alignment under computer control Ultima-IV machines shown in 

Figure 4.11 was used to X-ray diffract the developed carpet waste structural composites. XRD 

is an advanced technique for characterizing the structure, phase, crystal direction, and other 

structural parameters, such as average kernel sizes, crystallinity, strain, and crystal defects. 

XRD peaks are created by a monochromatic X-rays beam dispersed off each set of lattice 

planes at specified angles. The atomic locations dictate the maximum intensity of the lattice 

planes. 

 
 

Figure 4.11 X-ray diffraction analyzer 
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4.2.3 Fourier transform infrared (FTIR) spectroscopy 

FTIR spectrometer shown in Figure 4.12 was used for spectroscopy analysis and identify 

chemical compounds of the developed carpet waste structural composites.  For both organic 

and inorganic materials, FTIR delivers quantitative and qualitative studies. By generating an 

infrared absorption spectrum, FTIR can identify chemical bonds in a molecule. The spectra 

provide a sample profile, a unique chemical fingerprint that may be used to screen and scan 

samples for various components. FTIR is a useful analytical tool for identifying functional 

groups and analyzing covalent bonding information. 

 

Figure 4.12 Spectrum-2 FTIR spectrometer 
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Chapter 5 

RESULTS AND DISCUSSIONS  

 

In previous chapters, carpet waste/epoxy composite fabrication, mechanical characterization, 

and morphological characterization have been done. Now in this chapter, the results of 

mechanical and morphological testing have been analyzed and discussed. 

5.1 Tensile strength of developed carpet waste composites 

Tensile tests were performed on carpet waste composite materials of wool, polypropylene, 

nylon, and polyester. All the composite materials were laminated using the two ways back 

front-front back (BFFB) and front back-back front (FBBF) techniques. The tensile strength of 

the specimens is shown in Table 5.1 and plotted stress-strain curves are shown in Figure 5.1. 

Table 5.1 Tensile strength of composite material 

 

Material 
Tensile Strength (MPa) 

FBBF BFFB 

Wool 18.2 16.4 

Poly Propylene 8 7.7 

Nylon 7.3 11.5 

Polyester 11 12 

The stress-strain plots show that for wool (FBBF), composite stress increases almost linearly 

with the strain before fracture of the specimen.  It shows the brittle nature of the wool FBBF 

composite. In the same way, the wool (BFFB) composite shows a linear rise in the curve but 

with small yielding before the fracture point. Tensile strength of the wool composite was found 

18.20 MPa in FBBF laminate and 16.40 MPa in BFFB laminate. It can be observed that the 

wool composite strength of FBBF laminate is greater than BFFB laminate. 

The tensile strength of the polypropylene composite was determined to be 8 MPa for the FBB

F laminate and 7.7 MPa for the BFFB laminate. The stress-strain curve of polypropylene 

composite shows several peaks without fracture for both laminate FBBF and BFFB, which 

present the toughness of the composite. It was observed for the polypropylene composite, the 

strength of FBBF laminate is almost equal to BFFB laminate. 
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Figure 5.1 Stress-strain (tensile) curves of epoxy-based carpet waste composite (a) Wool (b) 

Polypropylene (c) Nylon (d) Polyester 

The tensile strength of the nylon composite was found at 7.30 MPa in FBBF laminate and 11.50 

MPa in BFFB laminate. The stress-strain curve of the nylon composite rises linearly up to the 

elastic limit. After that, it shows yield point and then rises linearly with strain. It presents the 

ductile nature of nylon composite. It was observed for the nylon composite, the strength of 

FBBF laminate is smaller than BFFB laminate. 

For the polyester composite, both curves of BFFB and FBBF show very low elastic limits. 

After that, stress rises linearly with strain. The curves present the ductile nature of polyester 

composite material. Tensile strength was found 11 MPa in FBBF laminate and 12 MPa in 

BFFB laminate. It was observed for the polyester composite, the strength of FBBF laminate is 

smaller than BFFB laminate. 
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5.2 Flexural strength of developed carpet waste composites 

Flexural strength is defined as the material's ability to resist bending action against an applied 

force vertically to the longitudinal axis.  Flexural tests were done of composites made from 

various waste carpet materials such as nylon, polypropylene, polyester, and wool. The flexural 

test is performed to evaluate the specimen's bending strength and flexural stiffness by 3-point 

bending test. The generated stress is a combination of tensile and compressive stress. The 

ASTM D790 standard was followed in preparing the sample.  All composite materials were 

laminated using the two-way back front-front back (BFFB) and front back-back front (FBBF) 

techniques (FBBF). The flexural strength of discarded carpet/epoxy composite material is 

shown in Table 5.2. According to the table, the flexural properties of wool/epoxy composite 

BFFB laminates have the highest flexural strength. Polypropylene (BFFB) and nylon (FBBF) 

composites have the best flexural strength after wool (BFFB). In comparison, wool (FBBF) 

has the lowest flexural strength of the developed structural composite material. The 

enhancement in flexural properties is clearly due to the recycled waste carpet's ability to 

withstand the composites' bending force. The polyester/epoxy composite materials BFFB and 

FBBF, both laminate was subjected to resist with the highest load. 

  

Table 5.2 Flexural strength of composite material 

Material 
Flexural strength (MPa) 

FBBF BFFB 

Wool 23.00 34.40 

Poly Propylene 30.64 34.00 

Nylon 33.19 25.47 

Polyester 28.23 26.61 

 

Figure 5.2 demonstrates the typical load-displacement curves attained after performing the 

flexural test on the four samples, which have been shown in Figure 5.2 (a), 5.2 (b), 5.2 (c), and 

5.2 (d), respectively. Each graph contains two curves for the same material but different (BFFB 

& FBBF) configurations. In Figure 5.2 (a), the wool/epoxy BFFB composite exhibits a quick 

and sharp load rise, indicating a higher load (strength) than the wool/epoxy FBBF sample, but 

it also has low displacement suggesting that it is brittle. On the other hand, the maximum load 

of wool/epoxy  FBBF sample is less than the BFFB sample, but yield displacement is high, 

showing this composite's ductile nature. Figure 5.2 (b) shows the load-displacement curves for 

polypropylene carpet/epoxy composite. In this graph polypropylene/epoxy FBBF sample has 
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a higher flexural load and maximum yield displacement. This shows the toughness of the 

material. However, the polypropylene carpet/epoxy BFFB sample has a small rise in load with 

higher displacement and exhibits the material's ductile property. Figure 5.2 (c) shows the load-

displacement curves for nylon/epoxy composite. The nylon FBBF sample has a steep load rise 

with small displacement showing the composite's brittle nature. The nylon BFFB sample, on 

the other hand, exhibits a moderate rise in load with considerable displacement, indicating the 

material's ductile nature. Figure 5.2 (d) shows the load-displacement curves for 

polyester/epoxy composite. Both the BFFB and FBBF curves exhibit a sharp rise in load until 

they reach the elastic limit, after which they display displacement with distinct peaks that 

demonstrate the materials' toughness. 

 

 

 

    

 

Figure 5.2  Load-displacement (flexural) curves of epoxy-based carpet waste composite (a) 

Wool (b) Polypropylene (c) Nylon (d) Polyester 

(a) (b) 

(c) (d) 
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5.3 Thermogravimetry analysis of the developed composites 

In this test, the thermal stability was investigated in terms of weight loss as a function of 

temperature in a nitrogen atmosphere. Thermogravimetry analysis (TGA) of the epoxy-based 

waste carpet composite material is illustrated. From Figure 5.3 (a), there are three primary 

reaction stages of degradation. The first stage shown at 248°C was caused by loss of water or 

decomposition of impurities. Figure 5.3 (a) shows the loss of weight fraction was around 

6.76%. The second degradation step, associated with the polymeric fraction's decomposition, 

is composed of the prominent peak. After this point, there was massive thermal degradation 

related to the deterioration of the polymeric fraction. A temperature rises of about 109°C is 

equivalent to the highest amount of weight loss: resin was decomposed. The decay of the resins 

ended approximately at 600°C, with a 77 % weight loss. Finally, around 800°C, it degrades 

about 91.77% weight loss of the whole sample. 

 

Figure 5.3 TGA analysis of epoxy-based carpet waste composite (a) Polyester (b) 

Polypropylene (c) Wool (d) Nylon 
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Figure 5.3 (b) showed the TGA curves of the epoxy-based carpet (polypropylene) waste 

composite. During the first step, a slight weight loss was detected at the temperature of 100°C 

due to the evaporation of moisture and other volatiles. The loss of weight fraction in the first 

step was around 10%. The actual decay occurs in the second step at 300°C, which is caused by 

the thermal degradation of propylene. Following this stage, there was a massive amount of 

thermal degradation due to the degradation of the polymeric fraction. The decay of the resins 

ended approximately at 470°C, with 93.86 % weight loss. Finally, around 800°C, it degrades 

about 97.84% weight loss of the whole sample. 

Figure 5.3 (c) showed the TGA curves of the epoxy-based carpet (wool) waste composite. 

During the first step, a slight weight loss was detected at the temperature of 100°C due to the 

evaporation of moisture and other volatiles. The loss of weight fraction in the first step was 

around 10%. The actual decay occurs in the second step at 290°C, which is caused by the 

thermal degradation of wool. After this point, there was massive thermal degradation of 

polymeric material occurs. The decay of the resins ended approximately at 550°C, with 84 % 

weight loss. Finally, around 800°C, it degrades about 96.84% weight loss of the whole sample. 

Figure 5.3 (d) shows the TGA curves of the epoxy-based carpet (nylon) waste composite. 

During the first step, a slight weight loss was detected at the temperature of 100°C, which was 

due to the evaporation of moisture and other volatiles. The loss of weight fraction in the first 

step was around 8%. The actual decay occurs in the second step at 320°C, which is caused by 

the thermal degradation of nylon. The temperature rises up to 600°C, and the resin was 

decomposed. The decay of the resins ended approximately at 650°C, with 84 % weight loss. 

Finally, around 800°C, it degrades about 91.80% weight loss of the whole sample. 

5.4 X-Ray diffraction of a different material of polymer composites modified 

by discarded carpet 

X-ray diffraction test was performed for epoxy-based waste carpet composite of different 

materials and illustrated. For the polyester material in Figure 5.4 (a), it is observed that all of 

the spectra contained three peaks that are mainly well established for the polyester reinforced 

with epoxy. The ordinate depicts the XRD pattern maximum refractive intensity, and the 

abscissa indicates the diffraction angle. This identified the existence of the polyester reinforce 

epoxy with its higher peaks at 2θ = 24° and the low peaks at 28°, and 43°. 
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In epoxy, the XRD characterization method is primarily used to determine the degree of epoxy 

and polypropylene reinforcement. The presence of high peaks at 2θ=19.5° degree and lower 

peaks at 2θ=17°,19°, and 23°, Figure 5.4 (b) confirms the existence of polypropylene in epoxy.  

 

Figure 5.4 XRD analysis of epoxy-based carpet waste composite (a) Polyester (b) 

Polypropylene (c) Wool (d) Nylon 

The XRD output of wool reinforcement in epoxy is shown in Figure 5.4 (c). The wool and 

epoxy peak are visible in the fabricated composite of wool reinforced with epoxy, as shown in 

Figure 5.4 (c). According to the figure, a solid solution was produced by mixing wool and 

epoxy, resulting in the formation of wool reinforcement in epoxy, and finally, the composite's 

peak can be seen. The crystalline characteristics of nylon/epoxy composite are clearly visible 

in the diffractogram at 2θ =30°, as shown in Figure 5.4 (d). In the X-ray pattern and at 2θ = 

25.1° peaks, wool reinforcement in epoxy peaks can be seen. This demonstrates the presence 

of wool reinforcement in epoxy composite particles in the fabricated composite. 
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5.5 Fourier-transform infrared spectroscopy of different material polymer 

composites modified by discarded carpet 

FTIR spectra of polymer (epoxy) composite modified by discarded carpets are shown in Figure 

5.5 (a). The assignments and wavenumbers of FTIR transmittivity bands were summed up in 

Table 5.3. At a wave number of 3340 cm-1, the existence of the ≡C-H groups was detected in 

the stretching vibrations. The bonding of hydrogen between polyester samples is more likely 

to happen from this standpoint as mentioned above. The C-H group weak stretching vibrations 

such as -CH2 and -CH3 are described by the transmittivity bands in the range 2900–3100 cm-1. 

After curing the polyester with epoxy, the transmittivity bands of the stretching vibrations of 

the C-H groups had virtually the same transmittivity bands.Transmittivity was examined at 

1716 cm–1 during the infrared spectrum investigation due to the significant stretched vibrations 

of the C=O aldehyde group. The spectra of carpet (polyester)/epoxy-based composites exhibit 

subtle changes, resulting to a shift towards higher frequencies. Weak bands found in the cured 

polyester spectrum at 1508 cm-1 can be assigned to the aromatic ring C= C. The strong band at 

1243 cm-1 that appears in the polyester spectrum is due to C-O-C group vibrations. From the 

graph, it can be concluded that the C-OH group at 1034 cm-1 and has good stretch interactions. 

One intensive band at 752 cm–1 attributed to C-Cl strong stretching vibrations in the 

polyester/epoxy composite spectrum. After 752 cm-1 wavenumbers, halogen groups are 

observed to appear continuously until wavenumbers of 500 cm-1. 

Table 5.3 Assignment of main infrared transmittivity of wave numbers  

Wave Numbers (cm-1) Assignment 

3340 ≡C-H Strong Stretch 

2925 -C-H weak 

2874 -C-H aldehyde Variable 

1716 C=O aldehyde Strong 

1508 C=C aromatic weak 

1243 C-O-C stretch strong 

1034 C-OH stretch strong 

752 C-Cl strong 

500 C-I strong 
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Figure 5.5 FTIR analysis of epoxy-based carpet waste composite (a) Polyester (b) 

Polypropylene (c) Wool (d) Nylon 

Figure 5.5 (b) shows no peaks found in a single bond area (1700-4000 cm-1). No broad 

absorption band was noticed, notifying there is no hydrogen bond in the material. There is some 

very small absorption that can be shown in the range of 500-1500 cm-1. Small peaks were 

identified at 1626 cm-1 medium stretching of C=C, 1380 cm-1 medium stretching of C-H, 1125 

cm-1 strong stretching of C-O, and 870 cm-1 bending of C-H. A sharp bond at about 500 cm-1 

indicates the stretching of the C-I halogen compound. 

In Figure 5.5 (c) for the wool composite higher wavenumber region, O-H stretching vibration 

band occurred in the range 3200-3550 cm-1. At the 3000 cm-1 weak O-H stretching occurs. It 

can be seen from the spectra of epoxy-based carpet (wool) waste the stretching vibrations of 

the N-O group of the epoxy resin at 1500 cm-1. In the spectra, the band at 1250 cm-1 corresponds 

to the stretching of aromatic ester C-O. Similarly, a prominent band at 1085 cm-1 corresponds 

to the aliphatic ether C-O. The band at 500 cm-1 indicates the stretching of the C-I halogen 
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compound. At the 750 cm-1 strong C-H bending occurs. A sudden sharpness in the peak at 500 

cm-1 region reveals a stretching of the C-I halogen complex. 

Whereas, for the nylon composite, shown in Figure 5.5 (d), there are no peaks in a single bond 

area (1500-4000 cm-1). The lack of any broad absorption band illustrates that the developed 

Nylon based composite material is bereft of hydrogen bonds. Band range of 500-600 cm-1 is 

related to halogen compound that is stretching of C-I. 
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Chapter 6 

CONCLUSION 

 

As mentioned at the outset, the present study is based on ‘Utilization of recycled waste carpet 

for development of structural composite material’. Carpet industries are expanding day by day 

due to the enhancement of their demand; as a result, the generation of waste carpets is also 

growing simultaneously. The usage of carpets and rugs has been expanded to a number of 

different purposes, viz., for decoration in malls, commercial buildings, and floor covering in 

houses and hospitals, airports, etc. Waste management of the carpet is the biggest challenging 

job because the average life span of carpets is 4-6 years. Beyond this duration, it began to 

deteriorate and became a solid waste. Most people who use carpets refuse their carpets and 

don't properly dispose of them, burdening waste filling or garbage sites. Carpet wastes are 

generally disposed of the landfills and rivers, which harms humans and animals. It also creates 

environmental pollution after burning or landfilling and creating smells in the environment, 

etc. 

In this project, to reduce the global concern of carpet waste due to its vast amount, an effort 

has been made by fabricating composites using such carpet waste. Only a small fraction of it 

gets recycled every year compared to carpet waste produced worldwide. The overall conclusion 

based on the obtained findings can be drawn as follows:  

▪ The carpet waste was successfully utilized to fabricate composite material through 

the VARTM technique due to its proper infusion and indefectibility. 

▪ VARTM technique is suitable in fabricating any carpet composite due to the 

infusion of resin uniformly in the carpet fibers.  The epoxy resin serves as the 

composite's matrix, while the carpet waste serves as reinforcement.   

▪ Carpets of four different materials were used in this project: wool, polypropylene, 

nylon, and polyester.  Two samples of each material with different configurations 

were fabricated: FBBF and BFFB. Flexural and tensile tests were used to 

characterize the mechanical properties of the fabricated carpet waste composite 

samples.  

▪ Wool material composite has a higher tensile strength of both laminate FBBF (18.2 

MPa) and BFFB (16.4 MPa) among the developed composites. 
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▪ Flexural strength of wool BFFB (34.40 MPa) sample is higher than FBBF (23 MPa) 

sample.  

▪ Polypropylene FBBF (30.64 MPa) sample has lower flexural strength than BFFB 

(34 MPa) 

▪ Flexural strength of nylon FBBF (33.19 MPa) sample is higher than BFFB (25.47 

MPa) sample.  

▪ Flexural strength of polyester FBBF (28.23 MPa) sample is higher than BFFB 

(26.61 MPa) sample. 

▪ Thermogravimetric analysis (TGA) has been performed on the fabricated samples 

to analyze the thermal stability of the developed composite. 

▪ The crystallographic structure and chemical content of the developed composite 

were determined utilizing X-ray diffraction (XRD) on fabricated samples. 

▪ The interaction between the epoxy and carpet materials was revealed using Fourier 

transform infrared (FTIR) spectroscopy, which improved the thermomechanical 

characteristics of the composites. 

The project outcomes revealed a cost-effective and feasible solution to carpet wastes 

management, the same for the development of structural composites. The findings of the 

present work show a feasible solution for lightweight structural materials. The application of 

the efficient VARTM method proposed a functional composite material development. The 

concept of “Waste to Wealth” is proven useful in this study. As the waste generated from the 

carpet sector is very massive and environmentally hazardous. Limited data exist on the resue 

of carpet waste. The proposed work could become a novel direction for the management of 

discarded carpet waste. As a scope of future work, the proposed structural composite strength 

and other mechanical properties could be improved and explored by introducing different 

carbon-based nanomaterials (CBNs) and different hardener materials. It could be characterized 

by functional characteristics, barrier properties, thermal and mechanical properties. 
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