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ABSTRACT ARTICLE HISTORY

As technology advances and people's needs rise, the amount of waste produced rises in tandem with Received: 06.04.2022
increased productivity in every industry. Aside from the fact that clothing is one of the most basic ~ Accepted: 23.11.2022
human necessities, the unstoppable growth of the fast fashion trend in recent years has boosted both

the textile industry's production and waste. The goal of this research is to recycle these textile industry

wastes and use them in a different sector. In this context, the mechanical properties (Charpy impact

strength, drop-weight impact strength, tensile strength, and flexural strength) of hybrid composite

structures composed of recycled textile wastes (denim waste, human hair waste, and pantyhose waste)

and E-glass plain woven fabric are compared to those of E-glass plain woven fabric reinforced

composite structures. While the vacuum assisted resin transfer method is used for production, epoxy

resin is employed as the matrix material. The mechanical results reveal that, aside from tensile

strength, the mechanical properties of the testile waste (denim, human hair, and pantyhose) and E-

glass fabric reinforced hybrid composite constructions can compete with those of the pure E-glass

fabric reinforced sample. In both impact strength tests, the hybrid samples reinforced with human hair KEYWORDS

outperform the other samples, whereas the denim waste hybridized samples get the highest flexural  penim waste, E-glass fabric,
strength values. Besides that, the statistical significance of all results is evidenced by a 2-sample t-  human hair, pantyhose waste,
test. recycling

1. INTRODUCTION environmental concern. The textile wastes are divided into

) o ) three main categories as; production waste, preconsumer
The need of recycling waste materials is becoming more \yaste and postconsumer waste. Production waste includes
widely recognized in light of climate change and gradual  \yaste from various textile manufacturing procedures, while
depletion of natural resources [1]. The textile industry is the preconsumer waste covers unsold/damaged products in
world's second most polluting industry, accounting for 10%  regailers, and postconsumer waste comprises products that
of total global carbon emissions [2]. The spread of the e gwners no longer desire to use. These waste groups can
concept of fast fashion caused a large number of textile o recycled using mechanical, chemical, or thermal
materials to go to landfills [3, 4]. While the amount of processes. The most popular process is mechanical
textile waste produced is increasing on a daily basis, a study recycling, which is based on a technique that converts

found that in 2030, an individual will generate  eyijle materials to smaller pieces such as yarns or fibers
approximately 17.5 kg of textile waste per year [3]. This [1].

demonstrates how crucial the recycling of textile materials

with varied life cycles (short-life textiles - disposable  Textile materials are manufactured from both synthetic and
textiles, etc., medium-life textiles - garments, carpets, etc., natural ~ materials. ~ Non-renewable  petroleum-based
long-lasting textiles - construction textiles, etc.) is as an  polymers are the raw material source for synthetic-based
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fibers, which account for the vast bulk of textile fibers.
Fibers made from these polymers by industrial chemical
synthesis procedures withstand environmental degradation
and require many years to disappear in nature due to their
hydrophobic and extremely crystalline characteristics [5, 6].
Natural fibers, which appear more innocent than synthetics
and are supposed to be harmless to nature, require a huge
amount of fertilizers and pesticides that can harm the
environment and human health, as well as a large amount of
energy and water to manufacture [5, 7]. Given the
environmental damage caused by both natural and synthetic
fibers, the need of recycling these materials is obvious.
Textile materials are recycled for reuse in the textile
industry as well as in other sectors. Recycled textile
materials can be utilized to produce garments, filler
materials, insulation materials, and as reinforcement
materials in composite structures [8-10]. Waste textile
materials can be used in a variety of ways in composite
materials. Fabric, yarn, fiber, and nano/micro particle fillers
are examples of these forms [3]. Textile materials are
preferred as reinforcement materials in composite structures
because they offer excellent strength, stiffness, and fatigue
resistance [11].

The primary goal of producing textile-based composite
materials is to achieve good performance qualities while
reducing material weight and cost [12]. Glass fiber, which
has one of the best combinations of these three qualities,
accounts for more than 87% of the reinforcement material
in textile-reinforced composite constructions [13]. There
are various types of glass fibers, and E-glass fibers are most
commonly employed in composite structures due to their
moderate modulus, low cost, and high strength values [14].
E-glass fiber-reinforced composites are commonly used in
automobiles, boats, pipes, water tanks, and aircraft [15].
Despite its great performance, glass fiber is now being
substituted with natural and/or recycled materials due to a
decline in raw material resources and an increase in
sustainability awareness [13].

Three distinct textile wastes (denim, pantyhose, and human
hair) are applied as reinforcement material in composite
structures in the scope of this investigation. The first waste
category is discarded denim fabrics. Denim manufacture is
one of the most environmentally destructive textile
processes. For denim finishing operations such as
sandblasting and aging, several toxic chemicals are
employed, and these chemicals are intermingled with water
resources [16]. Furthermore, considering the environmental
damage caused by the manufacture of cotton fiber utilized
in denim production, the relevance of recycling this waste
group is widely understood. Cotton is the most common
natural fiber in the textile industry, with denim being the
most popular application [17-19]. The textile sector is
growing at a rapid pace, and demand is rising. Many
cotton-producing countries, however, have had to restrict
their cotton planting areas due to dwindling water resources

[17]. While cotton cultivation is estimated to use 1-6% of
the world's total fresh water, producing 1 kg of cotton lint
requires 10000-17000 L of water [20]. In many countries,
recycling cotton waste is one of the key options to address
this issue and ensure cotton self-sufficiency [17]. Cotton
fiber's elastic recovery property, high strength, elongation at
break in the dry condition, and resistance to thermal
deterioration all contribute to its use as a reinforcement
material in composites. These composites are commonly
utilized in the interior panels of automobiles [21].

Waste pantyhose is the second type of waste. It is a waste
product of the textile industry, having a short lifespan and a
thin and flexible construction that renders it unsuitable for
reuse. As pantyhose slip away after a few wears,
consumption and waste are fairly considerable. According
to a 2016 UK survey, a woman spent £3,000 on pantyhose
throughout her lifetime [22]. Because they contain coal and
petroleum-based raw materials, these polyamide-based
textile products, which may contain elastane at particular
ratios, disintegrate in nature for a long period [22]. Due to
its elastic modulus, abrasion resistance, hardness, tensile
strength, low friction coefficient, impact absorption
capacity, thermal stability, and low density, polyamide
fibers are favoured as a reinforcing material in composite
materials, notably for use in armors [23-26]. Polyamide
fibers with hydrophilic features offer high toughness and
very good elastic properties due to the crystalline region
composition of 65-85% [2].

Human hair is the final waste group examined in this study.
It is not used in the manufacture of textiles but it is an
animal fiber. It is regarded as a useless material nearly
everywhere in the world and is disposed of in municipal
landfills [27]. Many harmful gases, such as ammonia, sulfur
dioxide, and hydrogen sulphides, are generated when
attempting to eliminate this waste group by burning [28].
Although plant fibers are the most commonly utilized
reinforcement material in composite structures, animal
fibers, including human hair, are also used [29]. Superior
tensile strength, moderate degradation rate, hydrophilic
qualities, low cost, unique chemical composition, and
elastic recovery properties are some of the properties of
human hair fiber that make it a promising reinforcement
material [13, 29-31].

Looking through the literature, it is obvious that there are
studies that investigate the use of denim wastes [32-41] in
polymer composite constructions. There are, however, only
a few investigations on polymer composites reinforced with
human hair [42-47], and none on waste pantyhose-
reinforced composite structures. In one of these studies,
Zonatti et al. (2015) produced various composites using
different thermoset resins (epoxy, polyester orthophthalic,
and polyurethane) and recycled denim wastes. The fiber
ratios of the composites were kept constant at 30%. The
obtained results showed that the tenacity and Young's
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modulus values of denim waste-reinforced epoxy-based
composites increased by two times when compared to pure
epoxy resin, whereas the tenacity and Young's modulus
values of denim waste-reinforced orthophthalic polyester
resin-based composites increased by two and three times,
respectively, when compared to pure orthophthalic
polyester resin. There were no substantial changes in these
parameters in polyurethane resin composites [40]. In the
study conducted by Baccouch et al. (2022), cotton,
polyester, and cotton/polyester wastes were brought into
nonwoven surface form and composite panels were
produced by vacuum infusion technique. The mechanical,
thermal, and acoustic properties of nonwovens and
composite samples were investigated in this study, which
utilized cotton wastes obtained from discarded denim
fabrics. The results showed that nonwoven samples
produced with 100% denim waste had the highest specific
Young’s modulus, specific tensile strength, and elongation
values, whereas 100% denim waste reinforced composite
structures had the highest specific Young’s modulus,
specific tensile strength, and impact strength values [41].
Senthilnathan et al. (2014) constructed hybrid composite
structures employing several reinforcement materials
(coconut fiber, human hair fiber, and glass fiber) in an
epoxy resin matrix. Six different composite designs were
produced by hand lay-up method, including glass fiber
reinforced plastic (GFRP), coconut coir reinforced plastic
(CCRP), human hair reinforced plastic (HHRP), glass -
coconut coir - human hair- glass hybrid composite
(GCHGRP), coconut coir-glass-human hair-coconut coir
hybrid composite (CGHCRP), and human hair-coconut
coir-glass-human hair hybrid composite (HCGHRP). The
results showed that, whereas CCRP had the highest tensile
load capacity, HCGHRP had the best flexural strength.
Furthermore, when compared to other composites,
HCGHRP exhibited significant impact strength values [46].
In another study, Selvan et al. used the hand lay-up
technique to produce five different composite designs
reinforced with jute fiber and human hair fiber with varying
ratios. As a matrix material, epoxy resin was used. The
mechanical properties were investigated, and the results
showed that increasing the human hair content enhanced

the tensile, flexural, double shear, and impact properties
[47].

As a consequence of reviewing the literature on these
investigations, the goal of this research is to develop hybrid
composite materials reinforced with waste textile materials
that can be used in substitute of the most commonly used E-
glass reinforced composite materials. When considering the
used waste groups, the fact that a study in which
polyamide-based pantyhose waste was evaluated as a
reinforcement material had not been done before reveals the
study's originality, while utilizing cotton, a fiber that
consumes a high amount of chemicals, water, and energy
during its production, and the use of human hair which is
sent from barber shops to landfills in almost every country,
despite having very high mechanical properties, shows the
contribution of the study to sustainability.

2. MATERIAL AND METHOD
2.1 Material

In this study, four diverse textile materials (E-glass fabric,
waste denim, waste pantyhose and human hair) are used as
reinforcement materials. E-glass (supplied by Omnis
Kompozit) is in the form of plain-woven fabric and
technical properties are given in Table 1. Preconsumer
waste denim fabric (supplied by Calik Denim) and
postconsumer waste pantyhose (supplied by consumers) are
used in fiber form. Undyed human hair obtained from a
male barber is cut into 10-30 mm lengths and used. A
microscope (Zeiss, Primo Star) is used to measure the
diameter and length of the waste fibers used. The average
diameters of waste cotton, polyamide, and human hair are
187+ 1 um, 19.7 £ 0.7 um, and 70 + 5 pm, respectively,
while the average lengths of cotton and polyamide fibers
are 20-40 mm and 30-50 mm, respectively. Denim is
comprised entirely of cotton fibers, whereas pantyhose is
made up of 85% polyamide and 15% elastane. The matrix
system consists of an epoxy resin (F-1564, Fibermak) and a
hardener (F-3486, Fibermak). The technical properties of
the resin system are given in Table 2. They are mixed in a
ratio of 3:1.

Table 1. Technical properties of E-glass fabric

Basis Weight Warp x Weft Densities Thickness Warp Yarn Count Weft Yarn Count
(g/m?) (epc x ppc)* (mm) (Tex) (Tex)
300 4x3 0.37 600 850

* epc: ends per cm and ppc: picks per cm

Table 2. Technical properties of resin system.

Density (25 °C) [g/cm®]

Viscosity (25 °C) [cps]

Epoxide value [Eqg/kg]

Epoxy resin 1.1-1.2
Hardener 1.0

1250-1450
10-20

Amine value [Eqg/kg]
5.80 - 6.05 )

) 8.55 - 9.30
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Figure 1. (a) Feeding and (b) output unit of rag pulling machine, (c) feeding and (d) output unit of carding machine

2.2 Method
Preparation of waste reinforcement materials

Waste denim fabrics and waste polyamide pantyhose are
turned into fiber form by going through a rag pulling
machine (Balkan Machine — Type: DT 10) (Figure 1(a) -
(b)) separately before composite material production. After
that, these fiberized materials are put into the carding
machine (Mesdan — Type: 337A) (Figure 1(c) - (d)), which
produces an aligned web form. In addition, the other waste
reinforcement material human hair is washed, dried and
after that cut into lengths of 1 to 3 cm and then fed to the
carding machine to form an oriented web form.

Production of composite materials

Composite fabrication is realized by vacuum-assisted resin
transfer method (Figure 2) at 90°C and structures are cured
for 3 hours under 1 atm pressure. Following the application
of a PVA-based releasing agent to the vacuum table, the
reinforcing materials are spread onto the table and covered
with peel-ply fabric, a resin-flow mesh, and a vacuum bag.
The vacuum pump is used to remove surplus air before
production. The produced resin is then infused into the
reinforcement material, and the surplus resin is vacuumed
out with the help of a vacuum pump.

Three layers of reinforcement material are used to create
the composite structures. While the E-glass reinforced
structure has three layers of E-glass woven fabric, the same
weight of denim waste, pantyhose waste, or human hair
waste is placed between two layers of E-glass fabric in
hybrid composite structures (Figure 3). Table 3 shows
sample codes and reinforcement types.

Physical analysis

The weights of the samples cut in specified sizes are
measured with a precision balance to calculate the fiber

weight ratios of the composite samples. The weights of the
reinforcement materials in those dimensions are computed
using the areal densities of the reinforcement materials, and
the fiber weight ratio for each sample group is determined.
A caliper is used to measure the thickness of the samples.
By dividing the weights by the volumes of test samples
whose dimensions and weights have been measured,
density values are calculated.

Figure 2. Production of the composite sample by vacuum-
assisted resin transfer method

Figure 3. Produced samples

Table 3. Sample codes and reinforcement types

Sample Code Reinforcement layer | Reinforcement layer 11 Reinforcement layer 111
GGG E-glass fabric E-glass fabric E-glass fabric
GDG E-glass fabric Denim waste E-glass fabric
GPG E-glass fabric Pantyhose waste E-glass fabric
GHG E-glass fabric Human hair waste E-glass fabric
98 TEKSTIL ve KONFEKSIYON 33(1), 2023



Mechanical Analysis
Charpy impact resistance

The Charpy impact test is carried out using the Devotrans
impact tester (Model: DVT CD OK) in compliance with BS
EN ISO 179: 1997 (Sample dimensions: 127x12.7 mm). The
samples have a notch cut out in the center, and 12 joule
impact energy is applied to the notched samples. Three
specimens in the 0° direction and three specimens in the 90°
direction are tested from each sample group, and the mean
values are presented along with standard deviation values.

Drop-weight impact resistance

The drop-weight impact test performed with the BESMAK
impact tester (custom-made) is carried out following the
ASTM D7136 standard (sample dimensions: 89x55 mm).
According to the potential energy law, the impact is
adjusted to 20 joules by altering the height of the striker
(diameter: 16 mm, weight: 41 kg). Each sample group is
given five measurements, and the mean results are given by
standard deviation values.

Flexural strength

The ASTM D790-10 standard (sample dimensions: 136x20
mm) is used to conduct the flexural strength test with the
Shimadzu universal testing machine (AG-IS Series). The
crosshead speed is set at 6 mm/min. Three specimens in the
0° direction and three specimens in the 90° direction are
tested from each sample group, and the mean values are
presented along with standard deviation values.

Tensile strength

Tensile testing is carried out with the use of a Shimadzu
universal testing machine (AG-IS Series), in accordance with
the ASTM D638 standard (sample overall length: 115 mm,
the width of narrow section: 6mm). Six measurements are
taken for each sample group (3 specimens at 0° direction and
3 specimens at 90° direction), with the crosshead speed set to
3 mm/min. The standard deviation values are included
alongside the tensile strength mean values.

Statistical Analysis

The statistical significance of the physical and mechanical
test results comparisons is investigated using the Minitab
16 software program and the 2-sample t-test method at a
95% confidence interval. The results are evaluated
according to the p-value and those below 0.05 are
expressed as statistically significant.

3. RESULTS AND DISCUSSION
3.1 Physical Analysis

Table 4 shows the thickness, density, and fiber weight
ratios of composite samples. The fiber weight ratios of the
waste-reinforced samples are comparable (38-44%), while
the fiber weight ratio of the 3-ply E-glass fabric-reinforced
sample (65%) is significantly higher than the others. When
the fiber weight ratios of the GGG sample are compared to
those of the GDG, GPG, and GHG hybrid samples
statistically, it is discovered that the differences are all
statistically significant (p values are 0.014, 0.000, and
0.017, respectively), whereas the differences in the fiber
weight ratios of the hybrid samples (except for the GDG-
GHG comparison) are not. This scenario is hypothesized to
be caused by two factors. E-glass has a hydrophobic surface
and this reduces its liquid affinity [48]. In addition, since
the middle layer is a fiber layer in waste-reinforced
sandwich structures, it has much more gaps than the E-glass
woven fabric reinforced sample. These gaps allow the
material to absorb more resin and reduce the fiber weight
ratio. When the waste-reinforced samples are compared, it
is discovered that the fiber weight ratio of the structure with
the human hair inter layer (GHG) is greater than the others.
The reason is that, whereas the inside section of human hair
is hydrophilic, the surface is hydrophobic [49].

The GGG sample has a much lower thickness (p values of
GGG-GDG, GGG-GPG and GGG-GHG thickness
comparisons are 0.034, 0.017 and 0.001, respectively) than
the others because the E-glass fiber absorbs less resin than
the reinforcement materials in the other samples.
Furthermore, the high density of the E-glass fiber (2.56
g/cm?®) and the higher fiber weight ratio in the GGG sample
compared to the other samples resulted in a higher density.

Table 4. Physical properties of composite samples

Sample Code Thickness + SD (mm) Density + SD (g/em®) Fiber Weight Ratio + SD (%)
GGG 0.93 £0.06 1.47 £0.08 0.65 £0.03
GDG 1.95+0.19 1.21£0.08 0.39+0.03
GPG 1.69+0.14 1.24+£0.05 0.40 £0.02
GHG 1.70 £0.08 1.16 £0.09 0.44 £0.02
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3.2 Mechanical Analysis

Charpy impact resistance

Figure 4 shows the Charpy impact resistance values of
composite samples taken at 0° and 90° directions. The
excellent impact resistance of the E-glass fiber is one of its
most distinguishing characteristics [50]. The impact
resistance of the composite sample with a human hair layer
between two E-glass fabrics (GHG) is higher than that of
the E-glass fabric reinforced sample (GGG), according to
the results. It has been observed in several research in the
literature that hybridizing glass fiber with natural fibers at
particular rates increases the material's impact resistance.
The high elongation value of the additional natural fiber
was cited as the cause of this condition [21, 51]. The high
impact resistance obtained in the hybrid sample with the
human hair interlayer can be explained by the high
elongation value of human hair (dry: 20-30%, wet: up to
50%) [52], which is a form of wool. Additionally, in a
study conducted by Saiman et al. (2013), the mechanical
properties of composites reinforced with yarns of varying
yarn counts were investigated, and it was revealed that
increasing yarn diameter resulted in a significant increase in
the impact strength of the composite material. One of the
reasons for the high impact resistance obtained from the
GHG sample may be that the diameter of the human hair
used in this study is approximately three times that of the
other waste fibers [53].

450
400
350 T
300
250
200
150
100

50

0 =
GGG
B0° 318.12

Charpy Impact Resistance (kJ/m?2)

90° 166.84 157.03

Figure 4. Charpy impact resistance results

Waste denim (GDG) and waste pantyhose (GPG)
reinforced composite samples have fairly similar and lowest
impact resistance values at 0° direction (p-value for 0° and
90° directions are 0.085 > 0.05 and 0.015, respectively).
Furthermore, the impact resistance values of samples
collected from 0° direction are higher than those of samples
taken from 90° direction. The 0° direction corresponds to
the plain-woven E-glass fabric's warp direction and the
oriented directions of the waste fiber webs, therefore this is
an expected result. The statistical significance of this
situation is also investigated using the 2-sample t test, and
the results obtained from the 0° and 90° directions of each
of the GGG, GDG, GPG, and GHG samples are compared
with each other, yielding p values of 0.005, 0.025, 0.009,
and 0.012, respectively.

Drop-weight impact resistance

Structures having stiff surfaces in their outer layers and
more hollow and shock-absorbing layers in their inner
layers are known to withstand mechanical loads better [54,
55]. In the drop-weight impact test, the load is applied to
the fabric layer first, then to the fiber layer in between,
resulting in an increase in the amount of energy absorbed.
Consistent with this information, the samples containing
waste textile fiber webs absorb more energy than the GGG
sample, as shown in Table 5.

The acquired results are similar to the Charpy impact test
results and show that the GHG sample absorbs more energy
than the others. This is thought to be due to the fact that the
elongation value of human hair is quite high compared to
other fibers [52]. It has also been statistically proven by a 2-
sample t test, except for the GDG sample. The p-value in the
analysis examining the differences in the absorbed energies
of the GHG and GDG samples is found as 0.106, indicating
that there is no statistically significant difference between
them and the p values of other comparisons (GHG-GGG and
GHG-GPG) are found as 0.014 and 0.049, respectively.
Furthermore, in a study examining the mechanical properties
of hybrid composite structures made of coconut fiber, human
hair fiber, and glass fiber, it was discovered that the impact
resistance of the hybrid composite structure made up of a
high percentage of human hair fiber was greater than the
others, supporting the result [46].

Table 5. The drop-weight impact strength test results

Sample Code Maximum load + SD (kN) Absorbed energy + SD (J) Maximum load + SD (kN)
GGG 2.54 +0.08 9.88 £0.62 11.73 £1.07
GDG 2.64 £0.09 13.67 £ 1.01 17.00 £1.73
GPG 2.38 +£0.08 12.61 +£1.83 1493 +1.28
GHG 2.46+0.11 15.52+1.79 22.17+2.01
100 TEKSTIL ve KONFEKSIYON 33(1), 2023



Flexural strength

Figure 5 shows the flexural strength of the samples taken in
the 0° and 90° directions. Higher values are obtained with
samples taken from the 0° direction, as is the case with
impact strength. The statistical significance of this situation
is also reviewed using the 2-sample t test, and the results
from the 0° and 90° directions of each of the GGG, GDG,
GPG, and GHG samples are compared, achieving p values
of 0.001, 0.020, 0.000, and 0.000, respectively. When the
strength values are examined, it is discovered that the three
layers of E-glass fabric reinforced sample (GGG) has the
lowest value, while the denim waste (GDG) and pantyhose
waste (GPG) reinforced structures have the greatest values.

300
250

200

Flexural Strength (MPa)

Figure 5. Flexural strength test results

The fiber weight ratio of the GGG sample is much higher
than that of the other samples, as shown in Table 3,
indicating that the epoxy resin ratios of the hybrid
composite samples are higher than that of the GGG sample.
Brittle materials have greater flexural strength [53]. As it is
known that increasing the cured epoxy ratio increases the
brittleness of the material, higher flexural strength values of
hybrid composites are expected. Besides this, Shibata et al.
(2015) noted that increasing the length of the fiber used in
fiber-reinforced polymer composites enhanced the flexural
strength of the composite material. The fibers obtained
from the denim and pantyhose wastes used in this study are
known to be longer than the length of human hair. This is
assumed to be the reason the GDG and GPG samples have
higher bending strength values than the GHG sample [56].

Tensile strength

Figure 6 shows the tensile strength values of composite
samples. The samples reinforced with three layers of E-
glass fabric (GGG) show the highest tensile strength values
in both directions when compared to the hybrid samples
reinforced with waste materials. This circumstance is also
statistically analyzed, and it is demonstrated that there is a
significant difference (p: 0.000 < 0.05) between the tensile
strength values of the GGG samples and the tensile strength
values of the hybrid samples obtained from both directions.
The GGG sample’s middle layer is made of E-glass plain-
woven fabric, whereas the other three samples are in the

shape of fiber webs. The tensile strength of woven
constructions is increased because the intersection of the
yarns generates a stable situation in the structure [55]. Plain
woven textiles, which have the most warp/weft interlaces
per unit area, are more resistant to in-plane shear
movements, making them good reinforcing materials [57].

600
500
400

300

200

100

Tensile Strength (MPa)

i

Figure 6. Tensile strength test results

According to the literature, the tensile strength of composite
materials is mostly related to the tensile strength of the fiber
utilized and increases as the number of glass layers
increases [50]. This could explain why the GGG sample has
such a high tensile strength value. Besides that, in a study
comparing the mechanical properties of coconut, human
hair, and glass fiber-reinforced hybrid composite structures
with those of glass fiber-reinforced composite structures, it
was discovered that glass fiber-reinforced composite has
the highest tensile strength [46]. This information from the
literature corroborates the outcome.

4. CONCLUSION

Textile-reinforced composite materials hybridized with
various textile wastes (denim, pantyhose, and human hair)
are produced in this study, and their mechanical properties
are compared to those of E-glass fabric-reinforced
composite. Because E-glass is the most commonly used
fiber in composite production, it is chosen as the control
sample. Pantyhose, which has a very short lifespan and
cannot be given to someone else for reuse, denim, which
has a large environmental impact both during cotton
cultivation and fabric production, and human hair, which is
sent to landfills every day by hairdressers and barbers, are
chosen as textile wastes to be evaluated for this purpose.
The key findings are listed below.

o Textile waste-reinforced hybrid composite samples have
much lower densities than E-glass fabric-reinforced
sample.

e The impact (Charpy and drop-weight) strength values of
the hybrid composite samples reinforced with human
hair are higher than those of the other samples, which
could be attributed to the larger diameter of human hair
compared to other waste fibers.

TEKSTIL ve KONFEKSIYON 33(1), 2023

101



The flexural strength values of the textile waste-
reinforced hybrid composite samples are significantly
greater than those of the E-glass fabric-reinforced
samples; additionally, the highest strength values are
obtained with the samples reinforced with denim and
pantyhose wastes, which could be credited to the longer
length of these fibers.

The strength of samples taken from the 0° direction is
higher in all mechanical tests.

However, the tensile strength values of textile waste-
reinforced hybrid composites are significantly lower
than those of the E-glass reinforced sample.
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