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Chapter 1
INTRODUCTION

In the 21% 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.

1.1Brief history

The carpet word is derived from the old French " CARPITE," and according to the dictionary,
it first appeared in the late 13" century and meant "Coarse Cloth". It came to mean "Tablecloth
or bedspread" until the 14" 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 20" century. Still, after the 20" 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].

1



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.
1.2Major 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.



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 17" 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.



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 18" 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 17" 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.



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.
T
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Figure 1.2 Woven carpet [7]



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.



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.



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.



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

polyester is gaining popularity as a less expensive alternative to other

As shown in Figure 1.11

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

textiles.

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. Itis mold and mildew resistant, but it does not have a higher electrical
10

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.

¥, e e re 3 B4
¥ 1 ! 3 ‘ v x ) )
! A D bt  Migod ’
) ;v Av e A ",‘“'.'/;\ N {. g‘, \“ 4 y
\u‘ N .n . l'\ X' : \
N :.‘-_' "‘_ \ ' " . aa
R AR RN U e AN,
" : ) v Sl ) \ "’ A ) ot
AL \ ' A M AN ) ' i ,‘. :
SV e AN : ~ ‘\ ) . ’7"-
" [} ‘r‘,“\., Nl A Q L ""‘u ’
v v U s r e | o0 i5= 5y
D “: 9 p 5 '_\?. -'\VAE'.'l'- g & (' ol ®
g e a "y .-k-".x";- R (D S N &
..‘.'":_‘..“‘, -1 .;? _("‘\ b Ve : “’ el §j
=k ! c2 | | 1 3 : SE %
'p:;-_,-v_.’a o . &\ o LS : P g;‘\.}“’ > |
Al DA A‘ \ PN o 5 - T s & é ‘ v
A _;\‘- SO L5 ¥ N 1 ) . ]
f Y SRty )\ T (o . L
)'; : - '_’ 1k ":”w/,;t‘\ v?)--' 4
s { » o g e L s -}*f;r-‘ . f L '
' ';' P A b ;-ﬂ . :z;, S A W4
] g P 2357 " #Z380, ;
.’. "' r o / [ ;; / .-6 .}‘. ;'. - '_e ] & &. '- o) 1% ) '( .
2o ;{Au‘ e, flm‘;l" i S e

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.

11



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

12



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 m?K/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

13



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

e 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.

e 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.
e 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

Composite materials
(Based on matrix)

based on the matrix phase.

Ceramic matrix Polymer matrix Metal matrix composite I
composite composite
Thermoplastics matrix Thermoset matrix
composite composite

Figure 1.20 Types of composite materials based on matrix

1.11.2 Classification based on reinforced material

e 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.
e 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.

e 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.

Composite materials
(Based on reinforcement)

¥
¥ $ ¥

Fiber reinforced Particulate composites Structural composite
composites ‘
' l Sandwich Laminated

Continuous | | Discontinuous

Fit composite composites
Fiber 10¢r

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
(MARh) 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 PVVC 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

3.1Material 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.
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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 25°C
Curing 25°C 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 x 250 mm?) 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 3.10 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 300x250 mm?. 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 °C). 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

o Sealant tape

o Outlet valve

o Vacuum box

. Vacuum pump

o Clamp

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

Inlet Feed Tube

Pressure Sensor

Mold Chamber

" Sealant Tubes || Resin

Vacuum Chamber

' PeelPly = Vacuum Bag Film

Figure 3.12 Block diagram of VARTM setup
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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 x 250 mm? and then combined their backings to
obtain the FBBF configuration and fiber to fiber to obtain BFFB configuration.

Wool Polyester Polypropylene Nylon

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.

10 mm

50 mm

1. 250 mm N

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
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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 4.6 Specimen of the flexural test (ASTM D790)
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Figure 4.7 Schematic diagram of the flexural test setup
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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-1V 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.

5.1Tensile 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

Tensile Strength (MPa)

Material FBBF BFFB
Wool 18.2 16.4
Poly Propylene 8 7.7
Nylon 7.3 115
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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5.2Flexural 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

Flexural strength (MPa)

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

Wool (b) Polypropylene (c) Nylon (d) Polyester
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5.3Thermogravimetry 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.

100 4

Residual weight (%)

Polyester/Epoxy-TGA

T T T T T T T T
0 100 200 300 400 500 600 700 800

100 4

80

Residual weight (%)

20 4

60

40 4

Polypropylene/Epoxy-TGA

T T T T T T T T ]
(a) (b) 100 200 300 400 500 600 700 800 900
Temperature (°C) Temperature (°C)
o Wool/Epoxy-TGA 100 4 Nylon/Epoxy-TGA
\
804 . 80+ \
S s \
:éﬁ 60 Et
3 g 60
Ei Ei
= 40 4 = \
g Z 40
I~ ]
20 4 =
20 4
04
— s —————————————————
0 100 200 300 400 500 600 700  $00 d 100 200 300 400 500 600 700 800 900
(c) Temperature (°C) ( )

Temperature (°C)

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 260 = 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 26=19.5° degree and lower

peaks at 20=17°,19°, and 23°, Figure 5.4 (b) confirms the existence of polypropylene in epoxy.
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Figure 54 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 26 =30°, as shown in Figure 5.4 (d). In the X-ray pattern and at 26 =
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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5.5Fourier-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™, 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 -CH; and -CHg are described by the transmittivity bands in the range 2900-3100 cm™.,
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™* during the infrared spectrum investigation due to the significant stretched vibrations
of the C=0 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™ can be assigned to the aromatic ring C= C. The strong band at
1243 cm 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™ and has good stretch interactions.
One intensive band at 752 cm™ attributed to C-Cl strong stretching vibrations in the
polyester/epoxy composite spectrum. After 752 cm™ wavenumbers, halogen groups are

observed to appear continuously until wavenumbers of 500 cm™.

Table 5.3 Assignment of main infrared transmittivity of wave numbers

Wave Numbers (cm™) Assignment
3340 =C-H Strong Stretch
2925 -C-H weak
2874 -C-H aldehyde Variable
1716 C=0 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 55 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™). 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™. Small peaks were
identified at 1626 cm™ medium stretching of C=C, 1380 cm™ medium stretching of C-H, 1125
cm? strong stretching of C-O, and 870 cm™ bending of C-H. A sharp bond at about 500 cm-1

indicates the stretching of the C-1 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™. At the 3000 cm™ 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™. In the spectra, the band at 1250 cm™ corresponds
to the stretching of aromatic ester C-O. Similarly, a prominent band at 1085 cm™ corresponds
to the aliphatic ether C-O. The band at 500 cm™ indicates the stretching of the C-I halogen
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compound. At the 750 cm™ strong C-H bending occurs. A sudden sharpness in the peak at 500

cm! region reveals a stretching of the C-1 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™). 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™ 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 (CBNSs) and different hardener materials. It could be characterized

by functional characteristics, barrier properties, thermal and mechanical properties.
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In sites around the world, annually more than millions of tons of carpet are discarded. This gives rise to
substantial concerns about economic and environmental degradation. Feasible pre-consumption carpet
waste is thus imperative for high-value applications in engineering. Carpet waste management has
become a subject of concern to reduce the increased burden on landfill sites, as it releases methane
(CHy), carbon dioxide (CO,) and other pollution concerns. However, the proper disposal of carpet wastes
is still a challenge and its harmful effect can be controlled only through its re-utilization. This study

Keyiwrds: reports the utilization of the waste carpet for the development of composite material using the
Carpet s z % . S

Waste vacuum-assisted resin transfer molding (VARTM) process. The mechanical characterization and surface
Composite morphology investigations were done to check the feasibility of proposed composites in lightweight

Fiber structural applications. For the experimentation regards, two types of composites samples were fabri-
VARTM cated, Back-Fiber-Fiber-Back (BFFB) and Fiber-Back-Back-Fiber (FBBF), respectively. The study demon-
strates that BFFB samples possess more flexural strength than FBBF and the tensile strength of FBBF
was higher than BFFB samples. The SEM analysis reveals a higher density for FBBF samples, while in
the case of BFFB samples, the gap due to the non-uniform flow of resin has been observed. This paper also
explores the waste management method of carpet and its utilization according to their properties in
some structural applications in a cost-effective way.
© 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Materials, Processing & Characterization.

1. Introduction

In the 21st century, green production, waste management, re-
utilization and sustainable development are the most demanding
and challenging issues globally. Most manufacturing industries
try to control the waste and re-utilize the products for the nation’s
sustainable development. Solid waste management reduces green-
house gas emissions mainly methane and carbon dioxide gas and
helps to scale down air pollution’s hazardous impact on public
health [1]. The adverse effect of waste generation is more severe
in low-income countries and with rapid urbanization, the inte-
grated impact of waste generation has increased exponentially.
Waste management also helps to save energy, expenditure, and
an unavoidable workforce of the manufacturing sectors. The textile
industry plays a primary role in individuals' and countries’ lives
because this sector is associated with our society’s basic needs.

* Corresponding author.
E-mail address: rkvme@mmmut.ac.in (RK. Verma).

https://doi.org/10.1016/j.matpr.2020.12.681
2214-7853/® 2021 Elsevier Ltd. All rights reserved.

The carpet is also a part of the textile industry and it can be either
handmade or developed through handloom and machine [2,3]. As
the generation carpet wastes from various fields are increasing at
a remarkably high rate, its re-utilization or reprocessing into the
desired product has become a subject of concern. The average life
span of carpet is 3-5 years beyond which it becomes a type of solid
waste, or it can also be utilized as filler material. In most countries,
it is either reused, dumped in the landfills|4], equestrian surface
application| 5], generation of energy through incineration|6, plas-
tic processing [7,8]. In developing countries, most of the solid
waste is disposed of in landfills. Due to its low bulk density, the
carpet waste occupies a large landfill area, which further aggra-
vates its disposal problem. Carpet is a fibrous structure fabricated
through three main elements, i.e., fibers, filler material and backing
material [9] In the structured carpet, the fibers may be arranged in
the form of a cut-pile or loop type [10,11]. Pile yarns are perpendic-
ularly incorporated in the backing material and thus forms the car-
pet surface. Since carpet material is generally subjected to
compressive loads, the carpet's compression behavior is a matter

Selection and peer-review under responsibility of the scientific committee of the International Conference on Materials, Processing & Characterization.
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Spiral Wrap

Fig. 1. VARTM setup.

Table 1
ASTM standard for the sample with their dimension.

Flexural test

D790
60x20x 10

Tensile test

D3039
60x20x10

ASTM Standard
Sample dimension (LxBxH)
(in mm)

of concern from a design point of view. Carpets and rugs have been
utilized for various purposes, such as floor covering in houses, for
decoration in parties, malls, hospitals, commercial buildings, air-
ports, etc. The carpet and rugs have the durability of almost three
to five years and after that, it began to deteriorate and tore at var-
ious places and sometimes it is thrown as waste. Most of the users
of carpet throw waste carpet in large amounts, which creates a
burden on waste filling or garbage sites and simultaneously, it also
creates health hazards, environmental pollution, bad smells, etc.
Hence, there is an urgent need for an alternative way to convert
these carpet wastes into useful or valuable products to reduce this
waste material’s upsurge. The carpet consists of non-biodegradable
polymeric material; it is not easy to decompose due to high cost.
The carpet waste can be used in bricks kiln, sugar mill, peppermint
extraction mill, etc. for combustion purposes[12,13] But the chal-
lenges include heavy air pollution, global warming, smog forma-
tion, etc. Hence it is not feasible and also a violation of the
pollution act. This study focuses on utilizing waste carpet by
preparing a composite useful for various applications based on
their characterization. The present article demonstrates the fabri-
cation and characterization of polymer composites for lightweight
structural use.

From comprehensive literature appraisal demonstrates that
carpet waste materials have become a matter of global concern.

Materials Today: Proceedings xxx (XXXx) XXx

The direct decomposition of non-biodegradable carpet waste in
the form of landfill, fuel application and burning is very harmful
to environmental concerns. Eminent scholars did ample work for
the re-utilization of carpet waste for the development of hybrid
cement material, fuel source, incineration, etc. but very limited
data exist on the fabrication of epoxy/polymer composites through
the waste carpet. For preparing the composite samples, the VARTM
method was used. In this method, waste carpet material is utilized
to fabricate the composite directly with simple dry cleaning or
washing. The mechanical behavior and interlaminar structure of
carpet waste samples are analyzed to find the application of fabri-
cated composite. For this, the tensile test and flexural test was con-
ducted. The microscopic behavior of developed samples was tested
by Scanning Electron Microscopy (SEM). The microstructural
investigation was done to check the dispersion level and aspect
ratio of the proposed composites. The mechanical behavior is pre-
dicted for waste reinforced fibrous material impregnated with
epoxy resin with two configuration arrangements. The inter-fiber
behavior of the composite was analyzed under a constant strain
rate. An attempt has been made to develop a feasible composite
material. The present work also focuses on reducing carpet waste
in some useful form to reduce landfill, pollution issues, and ecology
balance.

2. Materials and method
2.1. Sample preparation

For the fabrication of composite samples, the waste nylon layer
of waste carpet and hardener was used as reinforcing material into
the epoxy matrix. The cut-pile nylon fibers were attached to poly-
vinyl chloride (PVC) backing material, which consists of some
impurities. Initially, the waste carpets were simply washed with
normal water, followed by the open drying process. The epoxy
was used as a polymer matrix and Tri-ethylene-tetra-amine as a
hardener in the fabrication of composites using VARTM method.
The epoxy material and hardener were mixed in a fixed ratio of
10:1 by weight. Both materials were purchased from M/s. Anjana-
dri Engineering Service, Bengaluru India. This study focused on the
fabrication of polymer samples in two configurations, i.e., Back-
Fiber-Fiber-Back (BFFB) and Fiber-Back-Back-Fiber (FBBF). In FBBF,
the fiber to fiber face was combined and in BFFB, the fiber to fiber
back was combined.

2.2. Fabrication procedure

This study employed the VARTM method, which has an advan-
tage of resin’s uniform flow, minimum porosity, and bubbles

Fig. 2. (a) UTM Machine holding sample; (b) BFFB sample fractured at top grip; (c) FBBF ruptured sample.

2
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Fig. 3. (a), (b) & (c) Tensile behavior of BFFB configuration sample.

Fig. 4. (a) & (b) Tensile behavior of FBBF configuration sample.

formation while preparing the sample. Fig. 1 demonstrate the faces. For the uniform flow of resin over the entire carpet surface,
VARTM setup showing the resin flow from one side to another side. the spiral wrap was placed at the inlet side of resin impregnation.
This method requires a low viscosity mixture of epoxy and hard- The waste carpets were cut into a size of 30 mm x 30 mm and then
ener for infusion. The upper mold of the VARTM setup provides their backings were combined to obtain the FBBF configuration and
the uniform thickness of the matrix layer over the composite sur- fiber to fiber to obtain BFFB configuration. The release agent was
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Fig. 6. (a), (b) & (c) Flexure behavior of BFFB configuration sample.

used as Silica gel and sprayed before so that the prepared sample
can be detached easily from the bottom surface. The combined lay-
ers of carpet were then laid down inside the vacuum bag on the
release agent's surface on the glass table. The airtight mold was
prepared with the help of the polythene sheet and tacky tape.
The inlet and outlet were provided in the mold setup.

Initially, the air inside the mold was expelled out using a vac-
uum pump to make the mold airtight. The resin entered to impreg-
nate the prepared perform at a uniform rate. The driving and
compressive force are offered by applying 1 atm pressure created
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by a vacuum pump for the proper inflow of resin into the mold.
In this method, for the preparation of composite peel ply, a transfer
media was used for appropriate and uniform resin infusion. After
covering the whole surface by resin infusion, both ends inlet, as
well as an outlet of the tube, were clamped and left undisturbed
for 24 h for proper curing. For preparing the 30 mm x 30 mm size
composite, a mixture of 400 ml epoxy with 40 ml hardener was
taken and appropriately mixed using a manual stirrer. The poly-
merization time of the mixture is about 10 min and after that, it
becomes extremely viscous.
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Fig. 7. (a), (b) & (c) Flexure behavior of FBBF configuration sample.

BFFB sample

FBB FJ sample

Fig. 8. The gold-coated sample placed on the sample holder.
2.3. Sample preparation for conducting test

For conducting the SEM, first the sample was coated with gold
in a sputter coating machine. This paper utilized the rectangular-
shaped specimen. For characterization, the fabricated composite
was cut by using the cutter according to respective ASTM stan-
dards. The ASTM standards and dimensions of the sample as indi-
cated in Table 1. The composite prepared was in rectangular sheet
form and so the prepared samples were rectangular flat shaped.

3. Results and discussion
3.1. Tensile test

The tensile strength of a material denotes the ability to sustain
the pulling forces applied in the opposite direction, as depicted in
Fig. 2. The tensile test was conducted on a WDW-5 computerized
electronic universal tensile machine as per the ASTM standard
mentioned in Table 1 at a 2 mm/min crosshead speed.

In the BFFB configuration, the matrix deforms after 200 N, and
after that load is sustained by the fiber reinforcement. From the
above graphs Fig. 3 and Fig. 4 showing load versus deformation
curve, it is clear that the deformation was going to increase irre-
spective of the load rise. The differences in the peak load were
observed due to the matrix bonding with the fibers and PVC back-
ing material. For all the samples, the load-deformation responses
change from linear to non-uniform fluctuations after deformations
of 2.1 mm.

3.2. Flexural test

The flexural test is conducted to determine the flexural stiffness
and bending strength of the specimen by a 3-point bending test
and 4-point bending test. In this study 3-point bending test has
been conducted by using a sharp-edged tool as display in Fig. 5.
The sample was prepared as per the standard of ASTM D790 given
in Table 1. First of all, the sample was placed as an overhanging
beam and deflected under the constant crosshead displacement
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Fig. 9. SEM images demonstrating the fibers and epoxy distribution.

rate of 2 mm/min. The overhang was taken as 10% of the span
length (40 mm) on both sides and the load was applied centrally
on the sample. The deflection that occurred due to the load used
was recorded until the failure of the matrix and bottom fibers
occur. The depth penetration of a sharp-edged tool was also
recorded.

Mehndiratta et.al [14] in their research work on FRC (glass and
carbon) analyzed the span-length taken for conducting flexural
tests and found that flexural modulus increased with the span
length up to a certain limit and after that, it decreased. In this
study, flexural strength has been analyzed, which generally varied
with depth, span length and temperature also [15], but here thick-
ness of the sample and span length remains constant. In the BFFB
configuration, the sharp peak demonstrates that fiber fractured
quickly after the rupturing of epoxy. The BFFB samples during rup-
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ture showed a sharp peak while the FBBF samples exhibit non-
uniform zigzag peaks. From Fig. 6 and Fig. 7, it is noticed that the
maximum load sustained by FBBF sample is 2951 N before frac-
ture, whereas for BFFB configuration, it is 2567 N. The possible rea-
son of this difference in peak load could be resisting the
deformation by PVC backing in BFFB configuration samples and
piles of fibers in FBBF samples.

3.3. Scanning electron microscopy

SEM studies were performed on JSM-6010LA (JEOL, USA) for
both BFFB and FBBF test pieces of polymer samples to analyze
the morphology, affinity of fibers with matrix and distribution of
epoxy matrix as depicted in Fig. 8. A sample was cut from the spec-
imen to analyze its interfacial structure and bonding. As the
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sample was non-conductive, it was first gold coated in sputter
coating machine JEC 3000 (JEOL, USA) to reduce the surface charge;
otherwise, it would contaminate the SEM device the backscattered
electrons raised from the sample.

The following SEM figures indicate that at certain places, fibers
combined with matrix properly and at some place fibers are found
in groups. Fig. 9 (a) reveals the strand of fabric’s surface at 15 kV
and at 100 X. This demonstrates the FBBF samples have a greater
quantity of disturbing fibers compared to BFFB samples. Fig. 9 (b)
of FBBF and BFFB shows that laminates’ interfacial arrangement
exhibits more voids and cavities in BFFB than the FBBF sample.
Fig. 9 (c) shows the distribution of epoxy resin and its bridging
with fibers and backing material. In BFFB, it shows a lesser density
as compared to FBBF samples.

Fig. 9 (a) reveals the surface of the strand of fabric at 15 kV and
at 100 X. This demonstrates the FBBF samples have a greater quan-
tity of disturbing fibers compared to BFFB samples. Fig. 9 (b) of
FBBF and BFFB shows that laminates’ interfacial arrangement exhi-
bits more voids and cavities in BFFB than the FBBF sample. Fig. 9 (c)
shows the distribution of epoxy resin and its bridging with fibers
and backing material. In BFFB, it shows a lesser density as com-
pared to FBBF samples. It also reflects the excellent interaction
between the matrix and the fibers. This interaction supposed to
provide good strength to composite samples. Some of the above
SEM images, such as in Fig. 9 FBBF (a) and (d), reveal the pull-
out and randomly oriented fibers, demonstrating that the sample
has a lesser dense structure at the upper surface. Therefore, it
can be said that sharp-edged tools during flexural tests easily pen-
etrate the surface of the FBBF sample and load was resist by back-
ing material only. So FBBF sample has better flexural strength than
the BFFB samples.

4. Conclusion

The tensile and flexural properties of waste carpet composites
reinforced with epoxy matrix have been studied, analyzed, and dis-
cussed in this study. These results and outputs can be drawn from
physical and mechanical characterization.

o In tensile and flexural tests, it was observed that after rupturing
of epoxy matrix load was resist by waste carpet material only.

o The tensile strength was maximum in FBBF samples than the
BFFB samples as backing material provided sufficient longitudi-
nal strength to composite samples.

o The flexural strength for the BFFB samples was higher than the
FBBF samples by 14.66% because the face fibers of FBBF samples
cannot resist the vertical applied load of sharp-edged tools.

o The SEM images exhibit the higher density of FBBF samples as
the PVC backing was smooth and plain, so the epoxy in the mid-
dle of backings was appropriately filled. This becomes possible
due to the presence of spiral wrap at the middle interface of
backings. While in the case of BFFB samples, there was some
gap among the fibers because of resin’s non-uniform flow.

The present work demonstrated the applicability of the waste
carpets for the fabrication of structural material. The VARTM
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method efficiently developed feasible composites with desired
mechanical properties. The feasibility of developed composites
can be investigated in other applications like wall tiles, sound,
and heat insulators, etc. to replace the costly polymers such as
glass/carbon/aramid-reinforced polymer composites.
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Application of PA carpet waste for the
development of polymer composites:
investigations on compression behavior

This article highlights the compression analysis of the polymer composites
fabricated from polyamide (PA) carpet waste. The composite was devel-
oped using the modified Vacuum-Assisted Resin Transfer Molding (VARTM)
method. The proposed composite samples of PA carpet waste demonstrate
that the specimen bears a compression load of approx. 2900 N, which
shows the feasibility and application potential in structural applications. This
works aims to minimize the hazards and harmful environmental effects
caused by the traditional method for carpet waste management, such as
landfilling, incineration, decomposition, etc.

Balram Jaiswal, Sanjay Mishra,

Rajesh Kumar Verma

Madan Mohan Malviya University of Technology,
Gorakhpur/India

The carpet architecture usually comprises
stacking of synthetic fibers knot into the back-
ing material. Carpet is generally used to sus-
tain the compressive and shear load, and after
aspecific period, the fiber of the carpet begins
to tear and distorted. The distorted and torn
carpet becomes a colossal waste source. Ac-
cording to the United States survey report of
2008, carpet waste holds 1-2% of total mu-
nicipal solid waste and is significantly increas-
ing every year [1]. As the carpet's full degra-
dation time is around 5-8 years, it contributes
much to the waste accumulation of solid
waste after consumption sent to waste dis-
posal sites [2, 3]. The non-biodegradable be-
havior of carpet waste makes it more harmful
to the environment and ecology.

Based on the source of origin, waste can be
collected as follows: first pre-consumer and
post-consumer waste (Fig. 1). Various studies

show that carpet waste can be used in the
development of composites materials. In this
series, the composite to use post-consumer
tapestry waste was prepared [4]. Polymers
were fabricated from light density polyethyl-
ene carpet (LDPE) with low maleic (MAh),
and outcomes reveal improved tensile prop-
erties [5]. Wool face fabric, synthetic facial
fibers, and facial polypropylene fibers were
produced to develop composites [6]. It can
be used as a substitute for wood, PVC mate-
rial, etc.

The comprehensive literature has remarked
that carpet waste is a severe concern for the
environment and is a health hazard. Very lim-
ited studies are available on the development
of lightweight structural applications using
the VARTM method. The compression analy-
sis of the proposed samples is proposed to
assess the dynamic load aspect.

Materials and methods

In this work, the VARTM method was em-
ployed to fabricate the composite samples,
as illustrated in Fig. 2. The epoxy was used as

an infusion material into the waste carpet
samples cut into rectangular shapes.

Materials selection

The PA waste carpet was used to develop
composite materials. Initially, it was manually
cleaned on the washing platform. After-
wards, the drying of the washed carpet was
done to remove the moisture content. The
carpet waste's PVC backing and fibers are
composed of cut-pile PA fibers attached to
polyvinyl chioride (PVC) backing material.
The epoxy resin bisphenol a diglycidyl ether
with tri-ethylene-tetra-amine (TETA) harden-
er, was used as matrix material. The epoxy
material and hardener were mixed in 10:1 by
weight. The epoxy and hardener materials
were purchased from M/s. Bakshi Brothers,
Kanpur/India. This study focused on the fab-
rication of back fiber-fiber back (BFFB), and
the second one is fiber back-back fiber (FBBF)
configuration.

Testing methods

The compression test sample (155 x 25 x
10 mm) was taken in form of a rectangular
shape intermediate column straight beam
with a slenderness ratio between 32 and 120
[5, 6]. The load applied to the test samples
was recorded by the computerized UTM data
acquisition system and follows the ASTM
standard (D3410) (Fig. 3).

Results and discussion

The compression testing was performed over
3 different FBBF and BFFB configuration sam-
ples. Fig. 4 illustrates that FBBF based speci-
mens (samples a-c) show the highest results

Fig. 1
Trimmed waste of pre-
consumer carpet waste
[2] and post-consumer
carpet waste [3]
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Fig. 2
VARTM method for carpet waste/composites

Fig. 4

Load-displacement graph for compression test
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Compression test setup with testing sample

Compression properties of carpet waste
composites

Sr.No.  Configu- Average Average
ration compressive compressive
modulus [MPa]  strength [MPa]
1 BFFB 2185 26.03
7 FBBF 2391 3277

of forces with different values of linear devi-
ation than the load V/s displacement graph
of the BFFB specimens (samples a-c). The
sharp rising of the curve could be observed
while the constant increase in the compres-
sion load. Initially, as the load increased, the
thermosetting matrix material began to crack
with chatter sound. The sample started to
buckle after weakening the matrix material
showing its backing material's ductile behav-
ior. For FBBF, the maximum value of the com-
pressive load of the 3 sample specimens, viz;
a b, cis 1618.48, 2953.86, 2613.13 N,

whereas, for BFFB, the maximum value of the
compressive load of its specimens were
1605.99, 2574.39, 2409.77 N, respectively.
These results for FBBF configuration is due to
higher epoxy-PVC backing bonding strength.
It causes strong resistance to the compres-
sion phenomenon. However, in BFFB config-
uration, the composite becomes compara-
tively fragile because of lower bonding
strength of epoxy-face fiber causes a de-
crease in failure resistance strength.
Furthermore, the table briefly illustrates the
compressive  modulus and compressive
strength. The 2 composite configurations
during the compression tests displayed two
distinctive failure phenomena. Firstly, the
samples failed at a particular load, and the
samples were plastically deformed due to
polymer PVC backing material. 2 configura-
tions show that the fabricated composite
materials demonstrate a linear stress-defor-
mation relation within a specified plastic-
stress domain [6].
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Compression properties of PA carpet waste
based epoxy composites have been analyzed
in this study. It has been found that the pro-
posed sample shows satisfactory compres-
sive performance due to the better epoxy-
PVC backing bonding. It is well suited for
lightweight structural functions such as wall
tiles, sound insulating materials, thermal in-
sulators, toys, showpiece objectives, etc.

Acknowledgements
This research work is financially supported by 0/O
DC (Handicrafts), Ministry of Textiles, Govt. of In-
dia, New Delhi/india, under Project ID: K-12012/
4/19/2020-21/R&D/ST.

References

[1]  Municipal Solid Waste Generation, Recy-
cling, and Disposal in the United States,
Annual Report 2008

[2] Carpet Recycling UK, Achievements Report

2019

3]

[4]

Landfill diversion of carpet waste rises, Envi-
rotec Report 2019

Jain, A.; Pandey, G.; Singh, AK.; Ra-
jagopalan, V.; Vaidyanathan, R.; Singh, R.P:
Fabrication of structural composites from
waste carpet, Adv. Polym. Technol. 31
(2012) 380-389

Bateman, S.A.; Wu, D.Y.: Composite mater-
ials prepared from waste textile fiber,

J. Appl. Polym. Sci. 81 (2001) 3178-3185
Sotayo, A; Green, S.; Turvey, G.: Develop-
ment, characterisation and Finite Element
modelling of novel waste carpet composites
for structural applications, J. Clean. Prod.
183 (2018) 686-697

[5]

[6]

Mi1-Jaiswal — Fahne 2



E3S Web of Conferences 309, 01154 (2021)
ICMED 2021

https://doi.org/10.1051/e3sconf/202130901 154

Polymer composite developed from discarded carpet for light
weight structural applications:Development and Mechanical
analysis

Rajesh Kumar Verma'*, Balram Jaiswal', Rahul Vishwakarma', Kuldeep Kumar'¥, Kaushlendra kumar'

'Materials & Morphology Laboratory, Department of Mechanical Engineering, Madan Mohan Malaviya University Technology,
Gorakhpur, Uttar Pradesh 273010, India

Abstract: Carpets are the three-dimensional product used as a floor covering in homes, offices,
commercial centers, decorative purposes, etc. The average life span of the carpet is four to seven years and
after that, it becomes solid waste. The discarded carpets are causing a significant hazardous effect on the
environment, climate, soil, and various health issues. To overcome the increasing carpet waste, the re-
utilization of carpet is essentially desired. This article focuses on the development of polymer composites
developed from discarded nylon carpets for lightweight applications. A modified technique of Vacuum-
assisted resin transfer molding (VARTM) was used to fabricate epoxy composites. The tensile and flexural
tests evaluated the mechanical performance of the proposed composite. The modified composite is
manufactured in two different configurations, namely, face- back-to-back-face (FBBF) and back- face to
face- back (BFFB) with the help of the VARTM setup. The result demonstrated that the fabricated BFFB
composite has a higher strength. The high-resolution microscopy test of the developed samples shows the
feasibility of the composites produced from discarded carpet for lightweight functions. An attempt has been

made to resue the waste for the fabrication of cost-effective products.

1 Introduction

Nowadays, carpet waste is a huge concern for the
environment and the economy due to high disposal
costs and environmental hazards. Only a small fraction
of waste carpets gets recycled every year compared to
produced carpet waste worldwide [1,2]. It is widely
used as a floor covering, in homes, shopping
complexes, offices, etc. [3]. A survey has been
remarked that approximately 40,000 tons of carpet are
discarded as landfills in the United Kingdom (UK)
itself. This solid waste becomes a global concern for
the environment and economy. [4]. The recycling of
any material consists of multiple processing stages and
needs heavy expenses. Carpets are non-biodegradable
in nature, and it becomes hazardous for soil efficiency,
causing environmental problems. The burning of
carpets causes air pollution due to plastic content and
fibers, which release toxic fumes. [5]. Based on the
above issues, the present work highlights the
fabrication and characterization of polymer composites
develop from carpet waste. In the field of waste carpet
re-utilization, many research works have been
conducted for waste management. Various types of
carpet waste are available in the garbage piles, which
are quite difficult to recycle [6]. Various pioneers have
performed experiments using carpet waste directly or
indirectly in many forms. Onal et al. [7] explored the

*Correspondingauthor :rkvme@mmmut.ac.in

characterization of the polymeric composites from jute
fibers of carpets. The mechanical and physical
properties of carpet jute yarn composites were
examined. It has been found that that treating the yarn
with a 25% NaOH solution improved the fiber-matrix
interface. Mishra et al. [8] fabricated structural
composites from the post-consumer carpet using the
VARTM process. This effort was made to convert such
waste into an application form. The findings revealed
that such composites are used as structures part like
noise barriers. For a range of frequencies, it was found
that the noise absorbed by fiber composite was better
than conventional for a range of frequencies. Ucar et al.
[1] fabricated a cementitious composite reinforced by
carpet fibers. This work enhances the toughness of
composites. As the fiber content in composite
increases, the density of carpet decreases. The
mechanical characteristics such as flexural, impact, and
toughness of developed composites was examined to
determine the feasibility. The results conclude that
lightweight composite showed ductile behavior when
three-point bending tests were performed, while in
flexural strength, it increased with an increase in
density. Islam et al. [9]developed insulation materials
made from recycled textiles for acoustic and thermal
applications. They stated that recycled textile
composites are environmentally beneficial and have
played an essential role in energy savings and pollution

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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reduction. Muzzy et al. [10] used economic techniques
to recycle post carpet composites without separating
backing fibers with face fibers. They investigated and
found that post carpet composites were used with
matrix, which was potentially inexpensive with several
applications. They also revealed that Nylon post carpet
composites were better than polypropylene (PP) post
carpet composites in terms of their properties. A large
variety of applications of Post carpet composites in
many forms helped reduce the activities of landfills.
Pan et al. [11] fabricated composites from the
discarded nylon 6/nylon 6,6 carpets and studied the
mechanical properties, acoustics testing, and water
stability. They stated that compression-molded
composites had a greater elastic modulus, impact
resistance, flexural strength, and sound absorption by
124 %, 32 %, 59 %, and 40 %, respectively as
compared to the Jute/PP composites. The researcher
stated that Styrene-Butadiene Rubber (SBR) greatly
improved the impact resistance & sound absorption by
maintaining the sound and flexural properties of
fabricated composites. There are lots of researchers
have shown their interests towards utilization of carpet
and another form of wastes which could be utilized in
any form. Basically, they have tried to use wastes
because of its ease in availability and tried to convert it
into some useful form by various methods. Some have
mixed fibres of the carpet with other things, some other
have done fabrication and characterization of
composites which somehow helps in the utilization of
waste. From aforesaid studies, it has been noticed that
very limited work exist on the fabrication of
composites from waste Nylon carpet.

In this paper waste, Nylon carpet waste was used to
manufacture polymer composites using the VARTM
technique. The flexural and tensile test was performed
to evaluate the application potential of the proposed
composites for structural applications. The scanning
electron microscopy (SEM) tests were performed on
the manufactured composite with the orientation of
fiber back fiber (FBBF) and back fiber back (BFFB).
This work target to utilize the massive carpet waste
generated from domestic and industries applications.

2 Materials and Methods

The fabrication of composite materials was done from
the Nylon waste carpet by infusion thermosetting
epoxy resin. The carpet waste used for fabrication
consists of Nylon carpets as waste fibers. The Epoxy
with hardener was obtained from M/s. Universal
Enterprises (Polymer Division) 78/44 Latouche Road
Kanpur-208001 India. The VARTM setup was utilized
to develop the composite samples.

2.1 Fabrication of composite materials

The Epoxy modified carpet waste Nylon layer was
used in the Vacuum-assisted resin transfer molding
(VARTM) technique [12]. The waste material was
used as a reinforcing material in the Epoxy, which
improved the interfacial adhesive characteristics of the
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developed composites between fiber and matrix
material. For the strengthening of composite materials,
the hardener is added at a ratio of 10:1 in mixed Epoxy.
The VARTM method has the advantage of allowing a
uniform flow of resin with minimum porosity and
bubble formation in the preparation of the sample.
Different items, machines, and devices that have been
shown in Fig. 1 are resin trap, compressor,
vices/clamps, tubes, etc. After preparing the mold, the
setup was left undisturbed for 24 hours to solidify in
ambient conditions.

Fig. 1. Fabrication process using VARTM setup.

3 Experimentation and
characterization
This paper deals with the fabrication and

characterization of Epoxy incorporated carper waste
Nylon for structural composites. The orientation of the
fabricated carpet composite was of FBBF and BFFB
was taken. After fabrication, characterization of the
fabricated composite was done by flexural and tensile
test. As shown in Fig. 2, the Tensile and Flexural tests
have been performed on Universal Testing Machine
(INSTRON- 3382, Max. Load 100 KN). The Tensile
test specimens were prepared under ASTM D3039
with size (165x20x10) mm [13]. The flexural testing
has been performed according to ASTM D790
(60x20x10) mm [14]. The scanning electron
microscopy (SEM) was performed to examine the
structural integrity and failure mechanisms.Try to
ensure that lines are no thinner than
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Specimen

Fig. 2.UTM setup (INSTRON- 3382).

3.1 Tensile Test

The tensile test is one of the most common testing
techniques to determine tensile strength and tensile
modulus. The tensile tests were performed on two
different test pieces of the same dimensions and
material, and accordingly, two readings were found.
According to the ASTM standard, the tensile test has
been performed on fabricated composite. Fig. 3 shows
the damaged test specimen nylon waste carpet
composite. The load against the deformation curve is
noticed in Fig. 4. On both samples, the load-
deformation result varies from linear to non-uniform
after 2.1 mm deformations. The failure at peak load for
both composites is absorbed due to their ductile nature.
Moreover, Fig 4 also shows that BFFB samples can
bear a higher load after the initial failure in a full load.
Furthermore, variations in the peak load of FBBF and
BFFB configuration have been observed due to the
disparity in composite thickness. The failure of FBBF
samples at a lower load indicates the presence of
brittleness in the composite. The multivariate
configuration and variations in the strength of face
fibers lead to the deviation in the properties of carpets.
Table 1 presents the tensile properties of the fabricated
composites for both configurations. The average
elongation of the BFFB specimen is higher than the
FBBF specimen because the fibers positioned away
from the neutral axis filled with resin have higher
specific strength. The tensile strength of the fabricated
composite of FBBF is 7.3 MPa, and BFFB is 11.37. It
can be observed that the high tensile strength of the
BFFB is obtained as compared to the FBBF composite.

Table 1.Tensile properties of fabricated sample.

Sample Maximum 'tl‘ensdt; Elongation
code load (N) greng (%)
(MPa)
FBBF 919.5 7.3 1.59
BFFB 2841.5 11.37 2.03
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Fig. 3. Failure module of FBBF and BFFB sample.
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Fig. 4. Typical tensile load vs displacement curve.

3.2 Flexural Test

The most common purpose of a flexural bending test is
to determine flexural strength and flexural modulus.
The machine was directly linked to the computer in
this test, so any deflection in the stress or strain during
testing was sensed and shown through a graph in each
sample. In this study, the flexural tests have been
performed on two different test pieces of the same
dimension and material, and accordingly. In order to
perform the flexural test, the required dimension for
testing of the composite was made to cut by ASTM
D790 standard. The dimension was 60x20x10 mm?,
and its cross-sectional area was 60x20 mm?> Fig. 5
shows the samples after the flexural testing was
performed. Table 2 presents the flexural properties of
the fabricated composites for both configurations.
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Fig. 5. Flexural module of FBBF and BFFB sample.

Table 2.Flexural properties of fabricated sample.

Sampl Maximum Flexural Masiiniii
codlze Slexural strength Dis lacell:nent
load (N) (MPa) P
FBBF 2020 33.19 2.54
BFFB 968 2547 7.39

The flexural strength of the prepared specimen was
investigated at the constant thickness and span length.
As shown in Fig. 6, the sharp peak in the BFFB
configuration indicates that the fiber gets fractured
promptly after splitting Epoxy. Fig. 6 demonstrated the
load vs displacement curve and its shows that non-
uniform zigzag peaks are generated by samples of
FBBF, with a maximum load of 2020 N before
fracturing. By comparison, a maximum load of 968 N
will hold the BFFB configuration. The probable reason
is due to the nylon carpet backrest tolerance to
deformations of the peak load gap. The actual cause for
the variations in flexural module between the FBBF
and the BFFB configuration is the dispersion of Epoxy
due to the difference in reaction between the Nylon
backing and the fiber-infused resin.

1600
Configuration-Nylon-Flexural- BFFB
1400 Configuration-Nylon-Flexural- FBBF
1200
1000
Z
= 8004
3
600
400
200 ~
0 T T T T T
0 2 4 6 8 10

Displacement (mm)

Fig. 6. Typical Flexural module load v/s displacement curve.
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3.3 Scanning Electron Microscope (SEM)

Scanning Electron Microscope (SEM) is used to
analyze the high-resolution image of the surface of the
breakage sample up to micro and nano-level [15]. As
shown in Fig. 7, the SEM analysis has been examined
of fracture point after the tensile testing. The images
produced by SEM show the extensive fiber breakage
and good surface bonding. The images collected
through SEM have different magnifications and
resolutions up to different microns in different regions.
It can easily visualize the fibers, surface textures,
homogeneity between carpet fibers and Epoxy, and
porosity of the sample from these images.

(b) BFFB

(a) FBBF

Fig. 7. SEM analysis of failure mode of fiber breakage in the
composite after tensile test.

4 Conclusion

This paper focuses on the recycling of nylon carpet
waste for the manufacturing of polymer composite. In
two different configurations of FBBF and BFFB, the
samples were prepared through the VARTM technique.
The fabricated waste carpet composite samples of
FBBF and BFFB configuration were characterized
through flexural and tensile tests. Based on the
findings, the following conclusion can be drawn:
oA tensile and flexural test noted that after
rupturing of the epoxy matrix, the load was
resisted by reinforcing material only. The
results obtained by flexural and tensile tests in
terms of forces required for the failure of the
samples were used to find the strengths of the
two carpet samples tested in each case.
oThe fabricated BFFB composite has a higher
strength than FBB. The result demonstrated
that it could be economically used for
structural application.
eFrom the images of SEM, it can be concluded
that the higher porosity in the composite, the
lower the strength and vice versa. The higher
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the homogeneity of mixture between carpet
fiber and Epoxy in the composite, the higher
will be the strength.

eBy seeing the results obtained through different

characterization, it can be concluded that the
applications of such composites could be
sound barriers, light containers, infrastructure
composites, decorative purposes, selves to
keep lightweight objects, etc.

The proposed work investigates the tensile and
flexural properties of the composite manufacture from
nylon carpet waste. Based on the result obtained, it has
been noted that the proposed material can be used for
lightweight applications such as sound barriers, heat
insulation, wall tiles, etc. In future, the other
investigations such as compression tests and advanced
characterization are highly desired to understand the
composite behavior in fatigue and creep conditions.
The addition of some other carpet waste such as
polypropylene, wool, polyester etc. and different
hardener material can be used for composite
development.
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Abstract

The scientific objective of this research work is to reuse the polymer materials generated
from carpet waste. The nylon obtained from the discarded carpet was used as reinforcement
material into the epoxy matrix phase. A modified approach of Vacuum-assisted resin transfer
molding (VARTM) was used to infuse the mixture of epoxy and hardener into the nylon
carpet polymer composites. The work's primary focus is to investigate the polymer
composite's water absorption behavior developed from carpet waste. In water, the sample of
composite material was used to test water absorption behavior. It will justify the application
of proposed composites for lightweight structural applications in a moisture environment.
The nylon fiber-based-epoxy composite was dipped in water as per ASTM standard for a
period of four different duration, namely, 24, 48, 72, 144 hours. The findings demonstrate
that it can effectively withstand in moisture environment and a maximum 4.5% weight of
samples is increased in this test among all the samples for a different duration. Also, the
composite developed shown a lower water diffusion co-efficient than the nail head structure
and linden wood. After this, the carpet waste composite samples were investigated for
thermal degradation and chemical behavior using X-Ray diffraction (XRD) and Fourier
transform infrared ( FTIR) spectroscopy, respectively. The finding shows that the proposed
composite is well suited for lightweight components such as dashboard panels, sound

absorbers, panel sheets, wall tiles, etc.

Keywords: Discarded, Carpet, Nylon, Polymer, Composite, Vaccum

1. Introduction
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Nowadays, waste management and recycling are widely recognized as major issues to
balance environmental concerns. A large amount of plastic is generated from various
resources involving industries, domestic, medical, etc. The waste generated from the carpet
and textile sector consists of a substantial amount of preconsumer and post-consumer
materials. There is an extreme need for the recycling of waste generated from such types of
industries. It helps to optimize energy consumption and maximize the profit in the sectors.
The textile industry is essential in the lives of every human being because it is attributed to
basic needs for living. Carpets are a vital part of the textile sector manufactured by hand or by
automation [1]. Generally, carpet has 4 to 6 years; after this duration, it is converted into
waste. Then the waste was disposed of in landfills [2], energy production through
incineration. Carpet waste could be effectively used to fabricate composite for applications
such as furniture, subflooring, roof panels, exterior support, interior panels of the vehicle, etc.
Among all of the nylon are the most significant produced synthetic textiles [3]. Therefore, a
considerable quantity of nylon fibers is available. Various pioneer scholars resued the carpet
waste and converted it into some useful form. In this series, Venkateshwaran et al. [4]
reported that the water permeability depends on the absorption of water by the jute hybrid
composite. Jain et al. [5] developed a composite material from the discarded carpet of nylon
and olefin material in a different configuration such as BFFB and FBBF through the VARTM
method. Furthermore, they applied a tensile test on both the composite material and obtained
nylon with better tensile strength. Mishra et al. [6] fabricate a carpet composite material from
the VARTM method. Later, they tested the hardness and compressive test of the composite
materials. Karmaker [7] studied the moisture effect on jute/polypropylene composite. They
conclude that water absorption was linearly proportional to the fiber content in the composite.
Gassan and Bledzki [8] perform mechanical testing with the moisture effect on the silanized
jute/ epoxy composite. They conclude that the moisture content degrades the mechanical
properties of the composite. Karaudman et al. [9] investigated the behavior of water
absorption of polymer composite, which was comprised of carpet-based jute yarn and
thermoset matrices. The flexural and impact properties of the composite were investigated by
aging in distilled water. The water absorption behavior of composites was investigated by
treating jute yarn with NaOH. It was found that when alkali-treated jute yarn composite
reduces, the water absorption of the composite resulted in interface improvement. Mohanty et
al. [10] modified hessian cloth and carpet backing cloths, which were the two varieties of jute
fibers, and done involvement of alkali treatment and cyanoethylation. The characterization of

the fabrics treated chemically was done by X-ray diffraction analysis (XRD) and
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thermogravimetric analysis (TGA). Mechanical properties were found to be increased in
comparison with the parent material.

The present research article contains the recycling method of post carpet (nylon) waste. The
moisture absorption of composite has been used to calculate the amount of water consumed
under defined conditions. Factors influencing water absorption include the type of plastic,
chemicals used, temperature, and exposure time. Evidence highlights the durability of products
in damp or moisture conditions. The findings of XRD and TGA demonstrate the feasibility of
the proposed composite for lightweight applications. This work aims to reutilize the waste

nylon carpet for the development of polymer composites.
2. Materials and methods

2.1 Sample preparation

The waste carpet (nylon) was used as reinforcement and epoxy as a matrix material to fabricate
composite samples. Primarily, the nylon-based carpet waste is followed by the open drying and
cleaning process. In this process, GY-257, Diglycidyl ether bisphenol-A (DGEBA) based resin
was purchased from M/s. Universal enterprises (Polymer Division)-78/44, Latouche Road,
Kanpur, India. It was modified with aromatic glycidyl ether hardener (Araldite® HY-951) as
a curing agent in the proportion of 10:1. This blend shows properties of low viscous 500 — 700
mPa-s (at 25 °C). The samples were fabricated in two configurations: BFFB and FBBF.

The VARTM technique is used in this study to fabricate the composite material. Fig. 1
represents the schematic of the VARTM Setup. The upper mold and spiral wrap are present in

the Setup to ensure a homogeneously flow of resin over the carpet pile.
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Fig. 1 Setup of VARTM for Nylon carpet waste Composite
The carpets piles were put in the dimension of 250x300 mm? in the BFFB and FBBF
configuration separately. The polythene sheet and tacky tape created an airtight mold with the
inlet and outlet valve. The matrix material flow to infuse the carpet pile through the vacuum
pressure applied by the vacuum pump. A peel ply and transfer media are used to infuse
matrix material into the carpet ply properly. After the matrix has been wholly infused, the

inlet and outlet valves are tightly closed for 30 hours and cured.

2.2. Water absorption behavior of waste carpet composites

The water absorption test was conducted according to an ASTM-D570 (as display in Fig.2).
Generally, three concept which regulates the moisture dispersion in the material. The first one
is water diffusion into the micro-voids among adjoining polymer chains. The next one is with
the help of capillary action arises in the polymer composite, and the last one is diffusion over
the micro holes presented in the composite. After absorbing moisture, the interfacial adhesion

force between the reinforcement and matrix is reduced [11], [12].
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Fig. 2 Water absorption test

The following procedure has opted for the water absorption test

>
>
>

Firstly, the specimens are entirely dipped in water for several hours.
Then, the samples are taken out from the water and allowed to drain for one minute.
The specimens after draining are wiped off and weighed immediately, and the weight of

each sample is noted.

» The dry weight of each specimen has been recorded.

A\

M

The percentage of water absorption is calculated by the water absorption percentage (M)

given by the following formula.

Wet weight — Dry weight
= =8 Y REAT % 100 (1)
Dry weight

2.3. Morphology analysis

X-Ray Diffraction (XRD) tests were used in the present study to analyze the

crystallographic structure of the waste carpet composite material. The XRD research is used to

classify crystalline phases of a substance utilizing a crystal structure review and expose details on the

chemical composition. X-ray diffraction curves of the studied samples are characterized by

diffraction peaks of the nylon carpet and epoxy matrix crystalline structures. XRD test was

done on the Ultima IV diffractometer. XRD pattern has been obtained with the help of

Bragg’s equation:

nA = 2dsiné 2)

here, n= Integral number of wavelength

87



A= wavelength of the electron

d= Spacing of the crystal

6= Reflected angle

Thermogravimetric analysis (TGA) of the waste carpet composite (TGA 55) was
performed from room temperature to 800 'C with a 10 ‘C/min heating rate. In this test, the
sample's thermal stability was investigated regarding weight loss as a function of temperature

in a nitrogen atmosphere.

3. Result and discussion

3.1. Water absorption test

The water absorbed tests on the nylon-based composite material. The test was performed for
216 hours at the iteration of 24 hrs. The amount of moisture absorbed in the sample is shown
in Table 1, and in graphical form, in Fig. 3, the test is carried out on BFFB and FBBF, both
configuration and two samples of each configuration. The result shows that composite
samples are absorbed a maximum of 4.22% at the 144 hours after that negligible water
absorb. Also, similar results are confirmed by the researcher [13], [14].

Table 1 water absorption of different samples

Time % water absorbed
Hrs BFFB configuration FBBF configuration
BFFB-1 BFFB-2 FBBF-1 FBBF-2

24 3.04 2.76 33 2.59
48 3.63 3.03 3.55 2.99
72 3.76 3.25 3.74 3.16
96 4.06 3.53 4.36 3.3

120 4.1 3.59 441 3.52
144 4.14 3.68 453 3.56
168 4.22 3.78 473 3.67
192 422 3.78 4.73 3.67
216 4.22 3.78 4.73 3.67
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3.2. X-Ray diffraction analysis (XRD)

The results of XRD of the carpet waste Above graph of XRD such that of carpet waste nylon
reinforcement with epoxy materials. X-ray diffraction is a non-destructive research tool for
studying the crystalline material composition [15], abbreviated as maxima point position
peaks at certain angles of incidence theta. XRD two-point atoms more highly count par
second 16500 and 14000 of intensity. In epoxy, the XRD characterization method is
primarily used to determine the degree of epoxy and nylon reinforcement. The crystalline
characteristics of nylon/epoxy composite are visible in the diffractogram at 26 =31°, shown in

Fig. 4. The peaks of epoxy are also exhibiting at 20°.
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Fig. 4 XRD analysis of Nylon/Epoxy composite

3.3. Thermogravimetric analysis

Fig. 5 shows the TGA of a nylon-based carpet composite. There are three primary reaction
stages of degradation. The first stage shown at 240 'C was caused by the decomposition of
impurities and volatile components. The loss of weight fraction was around 15.6%. The
second degradation step is associated with the polymeric fraction’s decomposition. At this
point, there was massive thermal degradation related to the deterioration of the polymeric. A
temperature rises of about 300 Cis equivalent to the highest weight loss resin was
decomposed. Then in the third stage, the nylon is decomposed. The decay of the nylon ended
approximately at 680 'C, with a 70 % weight loss. Finally, around 800 T it degrades about

75% weight loss of the whole sample.
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Fig. 5 TGA analysis of Nylon/Epoxy composite

4. Conclusion
The discarded carpet was successfully converted into a structural composite material with the
help of epoxy matrix polymer. The fabricated sample was tested for water absorption for 210

hours. Form the experimental analysis conclusion can be summarized as followings point:

e The composite was developed from a modified vacuum environment to transfer epoxy
resin into the carpet pile structure. The vacuum environment is remarked as a useful
method for developing composites with uniform dispersion and infusion.

e The results show that composite materials absorb less than 4.8% of their weight, then
after, the sample absorbs negligible moisture. It demonstrates the higher feasibility of
the proposed composite in the moisture area.

e An XRD pattern confirms the crystalline structure of a nylon-based composite
produced at 31°. This structure is highly desired for structural composite materials.

e The thermogravimetry analysis results demonstrate that the produced composite has
good thermal stability. The graph indicates that since the temperature rises to 700°C,

the material degrades by over 75%.
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The finding shows that the proposed composite could be transformed for lightweight
components such as dashboard panels, sound absorbers, panel sheets, wall tiles, etc. In the
future, other types of carpet waste such as polyester, polypropylene, wool can be used to
manufacture polymer composites. This approach could be efficiently used for solid waste
management of the carpet and textile sector. Further, mechanical and advanced

characterization is highly desired to estimate the potential of the proposed composites.

Acknowledgment
The authors would like to acknowledge the kind support of 0/O DC (Handicrafts), Ministry
of Textiles, Govt. of India, New Delhi, India, to directly extend all possible help in this

research work.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest.

Funding
This research is being funded in part by o/O DC (Handicrafts), Ministry of Textiles, Govt. of
India, Under Project ID: K-12012/4/19/2020-21/R&D/ST.

Reference

[1]  R. Vaidyanathan, R. P. Singh, and T. Ley, “Recycled carpet materials for
infrastructure application,” p. 88, 2013.

[2] T.Domina and K. Koch, “The Textile Waste Lifecycle,” Cloth. Text. Res. J., vol. 15,
no. 2, pp. 96-102, Mar. 1997, doi: 10.1177/0887302X9701500204.

[3] F.Puertas, T. Amat, A. Fernindez-Jiménez, and T. Vazquez, “Mechanical and durable
behaviour of alkaline cement mortars reinforced with polypropylene fibres,” Cem.
Concr. Res., vol. 33, no. 12, pp. 2031-2036, 2003, doi: 10.1016/S0008-
8846(03)00222-9.

[4]  N. Venkateshwaran and A. ElayaPerumal, “Mechanical and water absorption
properties of woven jute/banana hybrid composites,” Fibers Polym., vol. 13, no. 7, pp.
907-914, 2012, doi: 10.1007/s12221-012-0907-0.

[5] T.Kumar, S. Mishra, and R. K. Verma, “Fabrication and tensile behavior of post-

consumer carpet waste structural composite,” Mater. Today Proc., vol. 26, pp. 2216—
2220, 2020, doi: 10.1016/j.matpr.2020.02.481.

92



(6]

(7]

(8]

(91

(10]

(11]

[12]

[13]

[14]

[15]

K. Mishra, S. Das, and R. Vaidyanathan, “The use of recycled carpet in low-cost
composite tooling materials,” Recycling, vol. 4, no. 1, pp. 1-8, 2019, doi:
10.3390/recycling4010012.

A. C. Karmaker, “Effect of water absorption on dimensional stability and impact
energy of jute fibre reinforced polypropylene,” J. Mater. Sci. Lett., vol. 16, no. 6, pp.
462-464, 1997, doi: 10.1023/A:1018508209022.

J. Gassan and A. K. Bledzki, “Effect of moisture content on the properties of silanized
jute-epoxy composites,” Polym. Compos., vol. 18, no. 2, pp. 179-184, 1997, doi:
10.1002/pc.10272.

L. Onal and Y. Karaduman, “Mechanical characterization of carpet waste natural fiber-
reinforced polymer composites,” J. Compos. Mater., vol. 43, no. 16, pp. 1751-1768,
2009, doi: 10.1177/0021998309339635.

D. M. Paleri, A. Rodriguez-Uribe, M. Misra, and A. K. Mohanty, “Pyrolyzed biomass
from corn ethanol industry coproduct and their polypropylene-based composites:
Effect of heat treatment temperature on performance of the biocomposites,” Compos.
Part B Eng., vol. 215, no. November 2020, p. 108714, 2021, doi:
10.1016/j.compositesb.2021.108714.

W. Wang, M. Sain, and P. A. Cooper, “Study of moisture absorption in natural fiber
plastic composites,” Compos. Sci. Technol., vol. 66, no. 3—4, pp. 379-386, 2006, doi:
10.1016/j.compscitech.2005.07.027.

M. S. Bodur, K. Englund, and M. Bakkal, “Water absorption behavior and kinetics of
glass fiber/waste cotton fabric hybrid composites,” J. Appl. Polym. Sci., vol. 134, no.
47, pp. 1-9, 2017, doi: 10.1002/app.45506.

Z. Kamble, B. K. Behera, T. Kimura, and 1. Haruhiro, “Development and
characterization of thermoset nanocomposites reinforced with cotton fibres recovered
from textile waste,” J. Ind. Text., 2020, doi: 10.1177/1528083720913535.

Z. Kamble and B. K. Behera, “Mechanical properties and water absorption
characteristics of composites reinforced with cotton fibres recovered from textile
waste,” J. Eng. Fiber. Fabr., vol. 15, pp. 0-7, 2020, doi: 10.1177/1558925020901530.

H. Mohammadhosseini, N. Hasanah, A. Shukor, A. Rahman, M. Sam, and M. Samadi,
“Effects of Elevated Temperatures on Residual Properties of Concrete Reinforced with
Waste Polypropylene Carpet Fibres,” Arab. J. Sci. Eng., vol. 43, no. 4, pp. 1673-1686,
2018, doi: 10.1007/s13369-017-2681-1.

93



oot
Wilson College of Textiles - Joumal of Textile and Apparel,

Technology and Management

Volume 12, Issue 2, 2021

Investigation on Impact and Flexural Behavior of Polymer Composite Developed from
Discarded Carpet

Rajesh Kumar Verma, Associate Professor,
Balram Jaiswal, Senior Research Expert,
Sanjay Mishra, Associate Professor,
Department of Mechanical Engineering,
Madan Mohan Malaviya University Technology, Gorakhpur,
India

ABSTRACT

In the 2l1st century, waste becomes the primary concern for the manufacturing sector and
industries. The carpet and textile industry products are increasing in view of customer varying
needs. This article highlights the development of polymer composites from waste carpets (Nylon).
The Vacuum-assisted resin transfer molding method (VARTM) is used to infuse epoxy and hardener
into the waste nylon carpet. The mixture is properly fused into the fibrous material without any
blow holes and entrapping of air in a vacuum environment. It enhances the mechanical strength of
the developed composites. The impact and flexural performance of the proposed polymer
composites is investigated in this work. The outcomes of the developed carpet waste composites
show the feasibility of lightweight structural applications. It can exhibit better shock load
resistance and flexural than some conventional synthetic fiber polymer composites. This technique
utilizes the carpet fiber sheets waste to manufacture composites with improved mechanical
properties (Impact and flexural), ensuring recycling the waste carpet to overcome the
environmental hazards.

Keywords: carpet, VARTM, composite, shock load, flexural strength

1. Introduction studies and approaches toward recycling

Nowadays, waste becomes a severe carpet waste were conducted, which is quite
issue for manufacturing industries. The different. Numerous studies focus on
carpet sector is proliferating due to varying composite fabrication by utilizing the waste
requirements of comfort conditions and carpet, which can be used in low structural
applications. The average life of the carpet is applications. Besides, the different carpet
a maximum of five-seven years (Miraftab, waste processing options are explored,
Horrocks, & Woods, 1999; Singh & including waste to energy through
Dwivedi, 2020). After that, it converts into Incineration, fiber reprocessing, carpet re-
massive solid waste. A new method is use, and plastics reprocessing. In recent
required to develop for carpet recycling to studies, the development of composites using
reduce the problems generated through fabric waste has been explored for sound and
conventional techniques. Therefore, various heat applications (Pan, Zhao, Xu, Ma, &
Article Designation: Scholarly 1 JTATM

Volume 12, Issue 2, 2021
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Yang, 2016; Partha, G., Rathinamoorthy, &
Ramachandran, 2000). There are various
types of carpet waste, such as backing sheets,
fibers, available in the garbage piles.
Industries and environmental expertise are
anxious about the decomposition of such
kinds of carpet wastes. Various pioneer
scholars are working on recycling carpet
waste and its utilization in the development
of some products. In this series, Yang et al.
(Xuan, Chen, Yang, Dai, & Chen, 2018)
analyzed the effect of various parts of carpet
waste by adding to the cement mortar. The
findings reported that the addition of carpet
face fibers was more feasible for improving
mortar impact behavior. It was also found
that the reinforcing effect of face fibers was
more prominent at higher temperature or
higher impact pressure. Some parts of the
carpet revealed a negative effect on the
impact resistance irrespective of the
temperature variation. The microstructure
and the pore distribution of mortar were
significantly improved, which favors a
change in residual strength. Wang et al.(Ucar
& Wang, 2011) carried out a comparative
examination of the impact strength between
GFRP and sisal fiber composite. They were
analyzed that developed composite can be
utilized as an alternate material over the
traditional materials. This work suggests that
the polymer composites required features
could be altered using jute fibers and
explored the possibility of using carpet waste
jute yarn to enhance the physical and
mechanical properties of fiber-reinforced
composites. Jute yarn was treated with 25
wt.% NaOH solution to enhance the fiber-
matrix interface. Carvalho et al. (Laranjeira,
De Carvalho, Silva, & D’Almeida, 2006)
examined the compression behavior of wool
and acrylic hand-tufted tapestries using
varying compressive load. Wool tapestries
demonstrate  higher  compression  and
recovery than similarly crafted acrylic
tapestries. It diminishes the compression and
mates with a rise in pile density. Due to the
improved compression period, the percentage
of the recovery of the tapestries has
improved. The efficiency, aesthetics, and
durability of the carpet are highly affected by

Article Designation: Scholarly
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the repeated loads. The efficiency of the
cyclic compression load is evaluated in terms
of decrease, restoration, and matting. The
composition of the stack yarns and the
tapestry building parameters significantly
influence the carpet quality. Based on the
outcomes, the wool carpet is more efficient
the acrylic for compression behavior. Mishra
et. al.Mishra & Vaidyanathan, 2019)
developed the lightweight components for
tooling material from post-consumer carpet
waste. A little addition of 5. % by weight of
graphene nanoplatelets is used as filler
material to improve the strength features. The
proposed composite validates consistent
hardness and compression results based on
the number of cure cycles. The fabrication
costs in this method are about the same as
those of instruments made from the critical
cost estimates of epoxy and polyurethane
resins. Sotayo etal. (Sotayo, Green, &
Turvey, 2018)discussed an exhaustive
literature survey on the recycling of waste
carpets. The study summarized that the re-use
of carpets could be the most cost-efficient
and environmentally friendly approach. It is
related to substantial savings in raw materials
and energy consumption; however, it is
viable for certain types of carpet waste and
necessitates proper processing centers. Mohit
et al. (Mohit et al., 2021) explore the several
advantages to natural fibers: low density, low
cost, ecological, biodegradable, and high
mechanical efficiency. The study fabricated
the epoxy composites modified by randomly
oriented short jute fiber to boost the bending
and impact properties. The findings conclude
that the flexural and impact characteristics
are improved by jute fiber and tensile were
remain constant.

The exhaustive literature review
demonstrates the feasibility of the carpet
waste application to develop composites and
other manufacturing products. It has been
remarked that the waste generated from the
carpet industry is very harmful to the
environment and its decomposition is very
costly and detrimental for ecology. It can be
reutilized or recycle for the development of
products. But, a very limited study is
available on the fabrication of polymer

JTATM
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composites from carpet waste. This work
targets the lightweight structural application
through carpet waste composites. The impact
and flexural performance of the developed
composites is estimated in this work. A
modified manufacturing method is used in a
vacuum environment for the development of
samples. (Mohammadhosseini, Abdul Awal,
& Mohd Yatim, 2017)The sample was tested
using ASTM standards to evaluate the
application potential for end-use. An attempt
has been used to utilize recycled carpet waste.

2. Materials and Methods

The waste carpet pieces changed into
the size of 30 mm X 30 mm to use in the
VARTM setup. The carpet pieces' backing is
combined to obtain the back fiber to fiber
back (BFFB) configuration. At the starting
step, a release agent (silica gel) is spread over
the surface to remove the developed
specimen firmly from the bottom surface.
This configuration is placed into the vacuum
bagging at the silica gel surface of the glass
table. A vacuum mold is created with the help

of a porous sheet and tacky tape. The inlet at
atmospheric pressure and the outlet at the
compressor side were offered in the mold
setup. First, the air inside the mold was
expelled out by running a vacuum pump to
make the mold air-free or perfect vacuum.
The resin was then allowed to infuse into the
preform prepared. The driving force and
suction force were formed by 1 atm pressure
created by the vacuum pump for proper
infusion of resin motion into the mold. After
this, the samples inside the bagging are under
the mixture flow and completely spread the
mixture into the mold. Both ends of the
suction and outlet pipe are remained clamped
for proper curing in 24 hours. The
polymerization time of the mixture for
Diglycidyl ether of bisphenol A, Lapox (L-
12) resin with Tri-ethylene-tetra-amine, K-6
hardener was used as described in Figs. 1. (a-
¢). For preparing a 30 mm X 30 mm size
composite sample, a blend of 400 ml epoxy
with a 40 ml hardener is well mixed through
the manual stirring process.

Figure 1. (a) Mold release agent, (b) Tacky tape, and (c) VARTM Setup
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2.1 Charypy Test for Specimen

The impact performance of developed
samples was investigated using the Charpy
test. These samples were tested destructively
with the Charpy Impact tester, as displayed in
Fig. 2 (a). The Charpy test is used to measure
the amount of energy that the sample absorbs
until fracture—one of the most common tests

used in evaluating relative toughness in a fast.
Depending upon the sample shape and size, a
notch is made to increase the sample's stress
concentration. Afterward, the sample is
breaks, and the failure mode is presented in
Fig. 2 (b). It is generally avoided to make a
notch for the pieces having very low strength.

Figure 2. (a) Pendulum Impact Tester and (b) Undeformed Samples for Charpy Test

The dimension 55 mm %10 mm x10
mm of the sample was taken according to
ASTM D4812 (Navaranjan & Neitzert,
2017). No notch was prepared for these
samples, and it is tested in a flat mode in the
form of the simply supported beam on the
Pendulum impact tester (PSW 750). The
hammer strikes the sample at the lateral side
facing the BFFB. The swing of the striking
hammer shows the amount of energy
absorbed by the test piece. The larger the
amount of swing by the hammer lesser the
energy absorbed by the test piece. The
amount of energy released during the sample
fracture depends mainly on the difference
between the hammer swing's initial and final
heights. The collision is triggered by using a
pendulum from the maximum height ho
against the test sample. When the hammer is
released, it swings through an arc, strikes the
test sample, and, after fracturing, returns to a
height hf. Once the pendulum falls, each
impulse were recorded until the trajectory of
the pendulum is reversed. The observed
change in the initial energy and the retained
energy signifies a gauge of the energy needed
to fracture the test sample. This quantity is
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called absorbed energy in the Charpy test,
and is represented by Eioar.

To calculate the total amount of absorbed
energy following formula is used:

Etotar = mg(hy, — hf) (0
Here,
Ewwr = Total amount of energy absorbed,
m = Mass of the hammer,
g = Acceleration due to gravity,
h, = Initial height of the hammer,
hy = Final height achieved after striking
the sample.

2.2 Flexural Test for Specimen

Flexural tests were performed on three
different test pieces of the same dimension
and material, and accordingly, three readings
were found. To perform the flexural test, the
required dimension for testing of the
composite was made to cut by ASTM D790
standard. The dimension was 60x20x10 mm,
and its cross-sectional area was 60x20 mm.
The machine used in this testing was having
a maximum capacity of 10 KN and the strain

JTATM
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ratc was 2 mm/min. The most common
purpose of the flexural bending test is to
determine flexural strength and flexural
modulus. The flexure test method indicates
the nature of the sample or job subjected to
simple beam loading. This test is also known
as the transverse beam test in the case of some
materials. For increments of load, maximum
fiber strain and stress are evaluated. The
results of this test are plotted on a load versus
deformation diagram. Flexural strength is

equal to the maximum stress generated in the
sample's outermost fiber at the time of the
flexural test. It is evaluated at the convex or
tension surface of the specimen. The slope of
the stress vs. deflection curve gives the
flexural modulus of the sample. In the case of
the linear curve absence, a secant line can be
fitted to the curve to obtain the slope. The 3-
point bending test setup and after the test
sample is present in Figs. 3 (a-b).

L/2

Figure 3. Arrangement for Flexural Test (a) Demonstrating the 3-point Bending Test (b)
BFFB Fractured Samples

The 3-point bending test is the most
used test for calculating the flexural strength
of polymers. The crosshead movement
generally measures the deflection of the
specimen. This test can easily evaluate
flexural strength and flexural modulus.
Flexural strength can be obtained from the
following formula given in equation 2.

3PL

c=FxL= h2
where:
o= flexural strength (N/m?)
F= maximum peak load (N)
L= distance between load points (mm)
b= sample width (mm)
d= sample thickness (mm)

()

In this analysis, a sharp-edged
instrument is used to perform a 3-point
bending test and sample was prepared
according to the ASTM D790 standard. This
method is used to evaluate the flexural
properties of reinforced and non-reinforced
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plastics. According to this standard specimen
should be solid and uniformly rectangular.
First, the sample was mounted as an
overhanging beam and deflected below the
constant 2 mm/min crosshead displacement
rate. The 10 percent of the span length on
both sides was drawn from the overhang and
the load was added centrally to the sample.
The deflection that occurred during the load
application was reported before the matrix
and bottom fibers collapsed. The sharp-edged
tool depth penetration was also reported.

3. Results and Discussion

3.1 Analysis of Charpy Test (Impact
Strength)

In this study, the Charpy test is
executed by allowing the hammer to use its
nominal initial potential energy up to 85%.
The pendulum hammer's size is based on the
assumption that loss of speed during sample
testing should be kept as minimum as

JTATM
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possible (Onal & Karaduman, 2009). During impact velocity of the hammer was kept at 5.2

the test, the hammer is pre-loaded to standard m/s with a hammer weight of 10.95 kg. Both
height and released. The amount of absorbed the test samples were partially broken after
energy is registered in the device's database, Charpy test. The average values of absorbed
equivalent to the swingarm's farthest travel. energy recorded in Charpy test for BFFB-1,
This absorbed energy in joules is equal to the BFFB-2 was 0.7521] and 0.8883 J,
difference between the hammer's initial respectively tabulated in Table 1.

position and the finishing position. The

Table 1. Calculation of Impact Strength and Impact Modulus

Actual energy Impact strength Impact modulus (I,) =
Sample No. absorbed (Eqotal) (Is) Impact Energy/
Joules Is=E/a (kJ/m?) Volume of sample

BFFB-1 0.7521 7.5212 0.0001367

BFFB-2 0.8883 8.8830 0.0001615

Figs. 4 (a-b) illustrates the graph of Impact strength (Is) = 8.2021 kJ/m2 in the
Work versus Standard travel (mm) for BFFB- Charpy test. These observations
1, BFFB-2, respectively. The graphs of demonstrates that within short travel of
samples 1 and 2 demonstrate that while the hammer, the work done is large. The linear
hammer travels 3.45 mm the work is 0.397 straight line indicates the hammer's return to
Joules. But at the travel arc length of 10.25 its initial position having no obstacles or
mm, the work done by the hammer is 0.53 resistance in its way. The above results
Joules for sample 1 and 0.708 Joules for demonstrate that energy absorbed and impact
sample 2. The main difference that can be strength for composite sample 2 have a larger
visualized from the above graph is that the value than sample 1. In this configuration of
maximum standard travel for sample 2 is composite, it strikes the PVC backing of the
larger than the standard travel for sample 1. sample. Furthermore, the carpet has been
The approximate linear line between 0 and 5 designed to sustain the compressive load and
mm indicates the jerk produced at the time of shear load, so it quickly falls in impact load
hammer strike. The average values recorded testing.

of both the samples were: Ejpr = 0.8202 J and

Sample BFFB 1 Sample BFFB-2

Work 1]

10 2 2 » 0 s 10 0 ) % 0

Standard trave (] Standard ravel [mm]

Figure 4. (a-b) Charpy Test: Amount of Energy Absorbed in Joule with their Standard
Travel in mm
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3.2 Analysis of 3-point Bending Test
(Flexural Strength)

The  three-point  bending  test
characterizes the behavior of a rectangular-
shaped sample subjected to the perpendicular
load applied to the longitudinal axis of the
sample. In this test, flexural stress is
generated in the convex side of the sample
and strain-stress in the concave side. (Pan,
Zhao, Xu, Hou, & Yang, 2016) This stress, in
this way, creates an area of shear stress along
the midline. Shear stress must be minimized
while ensuring the primary failures evaluate
from flexural stress. This can be possible by
considering the span to depth ratio in a proper
manner. Under 3-point loading conditions,
this measure tests the force needed to bend a
beam. In this test, two parallel supports are
mounted on rectangular or flat-crossed
specimens that allow free rotation around an
axis parallel to the pin axis and the specimen
axis. In this analysis, flexural strength was
evaluated, which also differed commonly
with width, span length, and temperature, but
here the sample thickness remains constant
and span length also remains constant. Form
Fig. 5, the initial test run shows a sharp rise
in the load with a minimum crosshead and
soon after, this converts to a large crosshead
distance with no increase in the load applied.
This happens because of a weak backing
surface, which allows the sharp-edged tool to
penetrate its surface easily. In this, every

sample has a sharp peak demonstrate that
fiber fractured quickly after rupturing of
epoxy. It showed the approximate sharp peak
for the first sample and zigzag peak for the
last samples during the rupture. From Fig. 5.
We found that maximum load was sustained
by sample 2 (Sotayo, Green, & Turvey,
2015). The possible reason for this difference
in peak load could be the non-uniform
penetration of epoxy inside the sample and
bonding of the fibers. In Fig. 5. Sample-1 has
an exception of wavy peak show difference
of peak load within short deformation. It is
because of the yielding of the material when
its reinforcing fibers fracture in random order
and in a non-uniform way. In the first sample,
there is no wave neither yielding
phenomenon occurs, but it just broken in a
brittle manner, demonstrated the strong
bonding and affinity among the fibers with
the matrix material. After rupture of the lower
or tensile surface of the specimen backing,
the remaining load is resisted by the upper
surface and its fibers. Both the test samples
were partially broken after the bending test.
The average values of flexural strength
calculated in the test for BFFB-1, BFFB-2
were 28.245 and 22.570 MPa, respectively
(Table 2). The average values of flexural
modulus calculated in the test for BFFB-1,
BFFB-2 were 0.051 and 0.057 GPa.

Table 2. Calculation of 3-point Bending Strength and Flexural Modulus

Sample No. Flexural strength (MPa) Flexural modulus (GPa)
BFFB-1 22.570 0.057
BFFB-2 28.245 0.051
Article Designation: Scholarly 7 JTATM
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Figure 5. Flexural Test Result

4. Conclusion
This paper focuses on the development of

polymer composites from waste nylon

carpets. The epoxy and hardener mixture is
infused into the waste carpets samples
through a modified and effective method

(VARTM). Based on obtained results, the

following conclusion can be drawn:

e Ina vacuum environment, the dispersion
of the mixture is uniform without any
blowholes and other failures. The impact
and flexural performance of the proposed
polymer composites samples is examined
through the Charpy test and 3-point
bending test, respectively. The improper
infusion of epoxy at the time of
fabrication made the composite weaker
and explained low strength composite.

e In the Charpy test case, BFFB
configuration samples were tested to find
the impact strength from absorbed impact
energy values. The values of the
absorbed energy in Joule for F1, F2 were
1.6912 J and 1.8319 J, respectively. The
samples' impact strength is noticed as
169128 KJ/m2 and 183198 KJ/m2,
respectively.

e The backing got damage at certain
places, so it also contributes to the
composite lesser strength. The improper
infusion of epoxy at the time of
fabrication made the composite weaker,
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maybe  explaining low  strength
composite. The waste carpet and torn
fibers at various places cannot give the
uniform strength in all the directions of
the composite. The outcomes of the
impact and flexural test show the
feasibility of proposed composites in
light structural applications.

The outcomes suggest that the achieved
strength and impact behavior can be used for
lightweight structural components. There is
much work left to be done in the field of
management of waste products. The
proposed samples can be endorsed for light
structural functions, decor items, wall tiles,
etc. The addition of other types of hardener
and filler materials can improve the proposed
carpet waste composite impact and flexural
performance
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(M)-8826710929 : E-mail- Trademark@khuranaandkhurana.com USER : userid0401
S.No|| Form Diary No. Request No Title Amount (Rupees)
Form- : : 1

1 i 11506/2021-CO/L 17330 Structural Composite Material Developed from discarded Carpet 500
Amount in Words Rupees Five Hundreds 500
|PAYMENT MODE Transaction Id CIN ‘
| Online C-0000018259 2205210001696 |

(Administrative Officer)

*This is a computer genereated receipt, hence no signature required.

*Please provide your email id with every form or document submitted to the Copyright office so that you may also receive acknowledgements and other
documents by email.

https://copyright.gov.in/ReceiptDetails.aspx?reqid=17330

12

Copyright filed on the fabrication of composite material from this project

112



