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The textile industry significantly contributes to environmental pollution, generating substantial amounts of
waste. The prevailing linear model exacerbates this issue, accumulating a significant portion of the waste in
landfills. This research aimed to tackle these challenges by developing value-added composites from post-
industrial textile waste and packaging materials, for non-structural building applications. To achieve this,
shredded polyester textile waste fibers served as the reinforcement, while waste packaging was used as the
matrix. Varying fiber-matrix weight percentages seven composite types were developed. The physical, me-
chanical, and thermal properties of the composites were evaluated. The findings indicated that these composites
exhibited properties comparable to those of commercial partition boards. Notably, composites with fiber weight
percentages of 7.5% and 10% demonstrated the most favorable performance among the tested variations.
Emphasizing the application of sustainable chemistry, this study highlights the potential of these composites to
develop substitute materials for non-structural building applications. Moreover, it presents a promising solution
to address the textile waste management challenge and value-added materials for the construction industry in a

developing context.

1. Introduction

The textile industry has garnered widespread attention for its nega-
tive impact on the environment and has been identified as the second
most polluting industrial sector globally [50,60]. The production pro-
cess is known for its high resource consumption and the generation of
substantial waste at each stage [35]. The current operational model
places an overwhelming burden on resources throughout the product’s
lifecycle, leading to environmental pollution and the degradation of
ecosystems [47]. To address this issue, the Ellen MacArthur Founda-
tion’s report "A New Textile Economy" underscores the urgency of
transitioning from the prevailing linear textile economy to a more sus-
tainable circular textile economy [25].

The scale of textile waste generated on a global level is staggering,
with millions of tons being produced annually [69,70]. This waste can

be broadly classified into two categories: post-industrial/pre-consumer
and post-consumer. Post-industrial waste arises during the various
stages of textile manufacturing, including cutting, threading, and quality
control. In contrast, post-consumer waste results from the disposal of
textile products by consumers after their use [57]. Additionally, the
textile industry generates a considerable amount of packaging materials,
such as High-Density Polyethylene (HDPE), Low-Density Polyethylene
(LDPE), Polypropylene (PP) materials, cardboard, and paper.

Directing research and development towards mitigating the adverse
effects of textile manufacturing waste on the environment and pro-
moting sustainable production and consumption practices is of utmost
importance. Considering this, the main aim of this study is to add value
to post-industrial polyester textile waste and plastic packaging waste by
developing composite materials. The utilization of post-industrial textile
and plastic packaging waste as a resource for creating composite
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materials not only addresses the issue of waste but also advances sus-
tainable production and consumption practices, ultimately leading to a
reduction in post-industrial waste.

1.1. Environmental impact of post-industrial textile waste

As the global population increases, the demand for synthetic textiles
like polyester, nylon, and spandex has surged, outpacing that for natural
alternatives [1,39]. The global market valuation of synthetic fibers was
approximately USD 63.93 billion and forecasts indicate a substantial
expansion in this sector, with projections suggesting a market capitali-
zation of around USD 93.03 billion by 2023 [63]. This global issue of
textile waste management is exaggerated by the extensive use of syn-
thetic textiles, as approximately 60 % of all clothing is manufactured
from synthetic materials like polyester, acrylic, and nylon [43]. This
intensified demand for synthetic textiles has resulted in the generation
of large quantities of synthetic textile waste.

The issue of solid waste management in the textile industry has been
compounded by the presence of packaging materials. These materials,
consisting of single-use plastics like polyethylene (PE) and PP, are
generated in vast quantities by textile industries [36]. Once the textiles
have served their purpose, these packaging materials become waste.

The improper disposal of textile and plastic packaging waste via open
dumping leads to soil and water contamination and the generation of
microplastics and microfibers. Therefore, utilizing the least preferred
disposal methods, such as open dumping and burning, to manage textile
waste has become a serious issue [48,61]. While incineration is widely
used in handling textile waste as it significantly reduces waste volume,
managing the formation of toxic compounds at high temperatures re-
mains challenging [57]. These problematic situations have brought
increased attention to the environmental concerns associated with
textile waste management.

1.2. Post-industrial textile waste management in Sri Lanka

The textile industry in Sri Lanka is the largest manufacturing sector,
contributing positively to the economy. However, a significant chal-
lenge faced by the sector is the generation of substantial amounts of
textile waste [55]. Most of the generated waste comprises synthetic
materials, creating a gap in the sustainability loop as the country lacks
an effective textile waste management system [56,64]. The lack of
adequate land for waste disposal sites further exacerbates the issue, with
local authorities struggling to manage over 90 % of the generated waste
[28].

The severity of the problem has increased due to the indiscriminate
dumping of various types of waste, including industrial, hazardous, and
hospital waste, alongside municipal waste in the same dumpsite [38]. In
Sri Lanka, a small fraction of the generated textile waste is utilized as an
alternative fuel and co-processed in cement kilns by INSEE Ecocycle
[30]. However, the growing quantity of industrial waste has exceeded its
capacity, leading to competition for the use of textile waste in
co-processing [55]. As a result, a large volume of textile waste is either
disposed of in open dumpsites or burned in the open [37].

In the pursuit of presenting the Sri Lankan textile industry as a sus-
tainable business, companies are actively exploring alternative waste
management methods [55]. Therefore, addressing the textile waste
crisis has become an urgent need, requiring the adoption of innovative
technologies. To this end, it is essential to devise novel approaches for
repurposing waste, with a focus on simple technologies that can upcycle
waste or convert it into high-value-added products.

1.3. Composite materials from post-industrial textile waste
In recent years, considerable attention has been directed toward the

development of new materials from industrial waste products as a means
of reducing waste and safeguarding the environment [12,68]. A recent
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trend in textile waste management is the use of textile fiber waste in
composite technology, particularly in fiber-reinforced composites [24].
Previous studies have investigated the potential of using textile waste
fibers to reinforce polymer composites for various applications such as
automotive, structural, and non-structural construction materials [33,
42,51].

A literature review conducted by the authors revealed that the
physical, mechanical, and thermal properties of textile waste-reinforced
polymer composites have significant potential for use in the construction
industry [65]. Therefore, exploring new approaches to repurpose textile
waste into high-value-added products, focusing on simple technologies
that allow for upcycling waste, is essential to address the textile waste
crisis and promote a sustainable textile industry.

The utilization of textile waste in composite technology has been
extensively studied in the literature, with various studies exploring the
use of different types of waste textiles to provide alternative solutions to
the growing amounts of textile waste [2,15,24,67]. Most of these studies
have focused on investigating the physical and mechanical properties of
waste textile fiber-reinforced composites and evaluating the impact of
different parameters on their properties. The findings of these studies
suggest that advanced composites with properties comparable to exist-
ing materials can be developed by varying production parameters,
leading to a broad range of properties and performance.

To determine the viability and appropriateness of replacing existing
materials with newly developed composites, a comparative analysis of
the mechanical, physical, and thermal properties of the composites and
commercially available materials is necessary. Successful evaluation of
the potential application of upcycled textile waste in composite mate-
rials can significantly contribute to sustainable waste management
practices within the textile industry, along with facilitate their substi-
tution in various non-structural building applications, interior fitments,
and automobile interiors. Structural building materials deliver the
crucial foundation and support for a building, while non-structural
materials play a vital role in enhancing its functionality, appearance,
and overall user experience [31]. A few examples of these types of
materials are Interior Partitions (dividers within a building that are used
to separate spaces), Ceilings, Floor Finishes, Interior Doors, Cladding,
Interior Fitments, and Fixtures (e.g., countertops) that enhance func-
tionality and usability within a building. While these materials do not
any loads from the structure, they are essential for creating a comfort-
able and visually appealing environment for people who live in a
building [31]. Thus, this study has the potential to advance the devel-
opment of sustainable non-structural building materials and promote
their diversified usage across different industries.

2. Materials and methods
2.1. Materials

Post-industrial polyester textile waste and packaging materials were
collected from a local textile company in Sri Lanka. Polyester textile
waste is selected because it is the highest-consuming textile type in the
world [56] and in Sri Lanka. Due to its widespread availability in textile
companies as a secondary waste, waste thermoplastic packaging mate-
rials were chosen as the matrix. The size reduction of the waste was
achieved through shredding.

2.2. Methods

2.2.1. Sample preparation

Seven different types of composites were manufactured with varying
weight percentages of reinforcement, which is the waste textile fiber
(0%, 2.5%, 5%, 7.5 %, 10 %, 15 %, and 20 % fiber) with the same fiber
length. First, the polyester textile waste was shredded into roughly 1 cm
pieces (diameter: 0.39 — 0.42 mm) using a mechanical shredder. Labels
and stickers on packaging materials were removed manually. The
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shredded waste polyester and the packaging materials were weighed
according to the required compositions and manually layered between
two Teflon sheets before pre-pressing. Then the shredded waste poly-
ester and the waste packaging were pre-pressed to create a thin sheet
using a pneumatic double-heated press at 140 °C for 10 minutes per
sheet.

The above process was repeated to create sheets with varied weight
ratios of packaging materials and fabric waste. The pre-pressed panel
was cooled for 10-15 minutes in a cold press under constant pressure.
Then the sheet was re-shredded in a mechanical shredder for the
excellent dispersion of the matrix with the fibers, making the material
more comfortable to handle and insert into the final mold.

The shredded particles were then pressed in a heat press to create the
final tile using a mold at 140 °C at a pressure of 5.5 MPa for 10 minutes.
The processing temperature was chosen to exceed the melting temper-
ature of the matrix, as determined by the DSC analysis. The panel was
then left to cool to room temperature within the mold under constant
pressure in a cold press to facilitate a slow cooling rate of the polymer
matrix. After the panel was removed from the mold, the excess plastic
that flowed out (flashing) was cut. The dimensions of the composite
panel are 15cm x 15cm x 3.2mm (length x width x thickness).
Developed waste polyester textile fiber-reinforced composite panels are
presented in Fig. 1.

2.2.2. Differential scanning calorimetry

DSC analysis was conducted to determine the polymeric composition
and melting point of the packaging material waste using a Q200 Dif-
ferential Scanning Calorimeter (T.A. Instruments). The test was con-
ducted by applying a heating-cooling-heating thermal cycle within a
temperature range of —60 °C to 250 °C with a heating rate of 10 °Cmin !
in a nitrogen atmosphere using samples with approximately 10 mg.

2.2.3. Fourier transform infrared spectroscopy

FTIR analysis of the textile waste and waste packaging material was
conducted using a Burker Vertex 80 FTIR spectrophotometer. The
samples were analyzed using the ATR mode from 400 cm™! to
4000 cm ™! with a resolution set at 4 cm™! and an accumulation of 128
consecutive scans.
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2.2.4. Scanning electron microscopy

Scanning electron microscopy (SEM) was used to analyze the tensile
fracture surface of the composites. The tensile fractured test specimens
were scanned using a Hitachi SU6600 Scanning Electron Microscope.
The sample was sputtered with gold to overcome the charging effect.

2.2.5. Tensile test

Tensile tests were conducted to determine tensile strength and
Young’s modulus using a Testometric M500-50CT tensile testing ma-
chine with a standard load cell of 5 kN at a constant crosshead speed of
50 mm/min with a gauge length of 50 mm. The test specimens were
shaped following ASTM D 638 [9,16,17]. Five specimens were tested for
each batch, and the results were arithmetically averaged.

2.2.6. Flexural test

Flexural testing was performed using the three-point mode following
ASTM D 790 [8,16,17]. Rectangular specimens
(127 mmx12.7 mmx3.2 mm) were tested using a Testomeric
M500-50CT testing device. Five specimens were tested for each batch,
and the results were arithmetically averaged.

2.2.7. Izod impact test

The Izod impact test was conducted by following ASTM D 256 [3,
11]. To test the impact strength required to fracture the composites,
v-notched rectangular specimens (63.5 mmx12.7 mm) were used. Five
samples were tested in each batch, and the results were arithmetically
averaged.

2.2.8. Hardness test

The hardness was measured using the Shore Durometer (MonTech
HT 3000) following ASTM 2240, with the Shore D scale which is the
scale for harder plastics [10,46]. The specimen size for the hardness test
was 10 cmx5 cm x 3.2 mm. Ten readings were taken for each composite
and results were arithmetically averaged.

2.2.9. Water absorption properties

Water absorption of composites was tested following ASTM D 570 [7,
41]. Samples (50 mmx20 mm x 3.2 mm) were dried in an oven for 24 h
at 60 °C to remove the remaining moisture. After drying, the samples

Fig. 1. Developed waste polyester textile fiber-reinforced composites.
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were allowed to cool to room temperature, and the initial weight was
recorded. Then the samples were immersed in distilled water at room
temperature. After 24 hours, the samples were removed from the water
and wiped with tissue paper to remove surface water and reweighed
within a minute to prevent evaporation. The samples were returned to
the distilled water to continue the sorption and were reweighed at
regular 24-hour intervals until reaching equilibrium.

The percentage weight gain (W %) of the composite was calculated
using Eq. 1 [20].
W, — Wy

[

W% = x 100 % 1)

Where W is the weight of the specimen at a given immersion time, and
Wy is the initial weight of the specimen after oven drying.

2.2.10. Flammability test

The flammability of the composites was determined following UL-94
Horizontal Flame Propagation Test Method [24], in a flammability
chamber. Three specimens (120 mm x 10 mm x 3.2 mm) for each
composite were tested. Each sample was marked with two lines at
25mm and 100 mm from one end and placed horizontally in the
flammability chamber’s sample holder. A controlled Bunsen burner
flame (up to 1200 °C) was applied to the sample for 30 s at a 45° angle. If
the specimen continues to burn after removing the test flame, the time
taken for the flame front to travel between two lines was measured, and
the burning rate was calculated in mm/min. The ranking was deter-
mined by observing the speed of flame propagation. The samples were
classified as HB rating only if:

e The burning rate did not exceed 40 mm/min over a 75 mm span, or

e The samples ceased burning before the flame reached the 100 mm
mark

3. Results and discussion

The FTIR-ATR spectra of collected pre-consumer polyester textile
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waste (a), one of the composites prepared in this research using a blend
of polyester textile waste and waste packaging materials (b), and waste
packaging material (c) are presented in Fig. 2.

The FTIR-ATR spectrum of waste packaging material (Fig. 2-c) is
typical for PE [5]. The FTIR-ATR spectrum can be used to distinguish the
different types of PE, including HDPE, LDPE, and linear low-density
polyethylene (LLDPE) which consist of repeating methylene groups
(-CH3) made with the elements carbon (C) and hydrogen (H).

These three types of PE indicate characteristic doublets of CH
asymmetric stretching at 2915 cm ! and 2848 cm™! [5]. The wave-
numbers 1471 em ™! and 1463 cm ™! characterize CH, bending defor-
mation doublet [40]. The other doublets, around 729 cmf1 and
719 ecm ™! characterize the rocking deformation of CHy [18]. The pres-
ence of these indications is strictly associated with the chemical struc-
ture of PE.

The wavenumbers range from 1340 cm™! to 1400 cm™?, and the
three weaker peaks at around 1377 ecm L, 1366 cm ™!, and 1351 cm™!
can be used to identify the particular type of PE material from the three
types HDPE, LDPE, and LLDPE [40]. As reported in the literature [32], if
the peak at 1377 cm™! is more significant than the minor but visible
peak at 1366 cm ™, the type of PE is LDPE. If the peak at 1366 cm ™! is
more significant than the minor but visible peak at 1377 cm ™%, the type
of PE is LLDPE. If the peak at 1377 cm ™! is absent, the type of PE is
HDPE. The peak at 1351 cm ™! is essentially present in every type of PE.
The FTIR-ATR spectrum shows more significant peaks with nearly the
same intensity around 1377 cm ! and 1366 cm™!. This observation
confirms that the packaging material comprises a blend of LDPE/LLDPE
which was also further confirmed by the DSC analysis.

The DSC cooling (upper-blue) curve and the second heating (lower-
red) curve of the waste packaging material are presented in Fig. 3.

The second heating curve of the material displays two melting peaks,
at around 110 °C, and 121 °C. These endothermic peaks were identified
as corresponding temperatures for the melting points of LDPE and
LLDPE, respectively [23]. Furthermore, two crystallization peaks were
visible in the cooling curve, at around 98 °C and 108 °C. These two
exothermic peaks were identified as the corresponding temperatures for
the crystallization of LDPE and LLDPE, respectively [45]. The presence
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Fig. 2. : FTIR-ATR spectra of (a) polyester textile waste, (b) 15 wt% fiber-reinforced composite, (c) waste packaging material.



R.M.N. Sulochani et al.

Sustainable Chemistry for the Environment 8 (2024) 100163

1.5 108°C
10 97°c\
@ i
; 0.5
; p
<)
o 0.0
e
© i
]
T  os5-
-1.0 4 .
110 C 121°C
AS+—————7—"—7——1—+— 17—
-50 0 50 100 150 200 250

Temperature (°C)

Fig. 3. : Cooling (upper-blue) and second heating (lower-red) curves of waste packaging material.

of two melting peaks and two crystallization peaks corresponding to
LDPE and LLDPE confirms that the waste packaging material consists of
a blend of LDPE and LLDPE, which was also confirmed by FTIR analysis.
The waste packaging material completely melted at 131.8 °C. Accord-
ingly, 140 °C was chosen as the processing temperature to ensure the
complete melting of the polymer matrix.

The FTIR-ATR analysis was conducted for a more precise charac-
terization of the textile waste material and the spectrum is presented in
Fig. 2-a. The most characteristic bands for polyester fibers are at around
1712 cm™ L, 1246 cm™!, 1095 cm™ !, and 721 em™ %, corresponding to
ester linkages [14]. The peak at 2854 em~! is attributed to -CH2-

stretching, while the peak at 1712 cm™! indicates C=0 (carbonyl)
stretching  vibration, 1017 cm™' indicates secondary alcohol,
1246 cm™ " and 1095 cm ™! peaks indicate C-O vibrations. The charac-
teristic peak at 721 cm™! is attributed to the benzene rings [19]. The
peaks at 1576 cm ™! and 1407 ecm™?, respectively, indicate the aromatic
ring and methylene groups of polyester. The peak at 970 cm ™! indicates
C=C stretching, and the 870 cm™! peak indicates five substituted H in
benzene. Similar results have been acquired in previous studies [14].
The tensile strength and Young’s Modulus of developed composites
are presented in Fig. 4. According to the experimental results, first, the
tensile strength and Young’s modulus values have increased with
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increasing fiber loading in the composites. However, both tensile
strength and Young’s modulus have decreased with increasing rein-
forcement fiber loading, further. Out of the weight loadings tested,
7.5 wt% fiber-reinforced composite exhibited the highest tensile
strength and Young’s modulus of 12.53 MPa and 0.38 GPa, respectively.
Increasing the fiber reinforcement to 10 wt% decreased the tensile
strength and Young’s modulus to 10.53 MPa and 0.28 GPa.

Usually, the weight loading of reinforcement added to the compos-
ites contributes to the variation of tensile strength and Young’s modulus.
However, for a significant increase in tensile properties, there should be
good interfacial adhesion between fibers and matrix facilitating efficient
stress transfer from the matrix to the fibers under the load [13]. The
reduction in tensile properties of the developed composites after 7.5 wt
% fiber loading can also be attributed to the increment of insufficient
interaction between fibers and matrix, resulting from the increased fiber
loading in the composites [58]. The quantity of reinforcement present in
a fiber-reinforced composite plays a noteworthy role in guaranteeing a
uniform distribution of stress [54]. As such, at lower levels of matrix
loadings, since the fiber loading is higher, the stress transfer turn out to
be more challenging due to inadequate wetting of the fibers by the
matrix. At the increased fiber loadings, the stress transfer becomes more
challenging because of the insufficient wetting of the increased popu-
lation of fibers by the matrix. This leads to lower values of tensile
properties [6,54].

The polyester textile fiber-reinforced composites developed in this
study have exhibited a higher tensile strength compared to the wood
particleboards used in structural applications (6-10 MPa). However,
they have a low Young’s modulus [33]. Moreover, Young’s modulus of
these composites is lower than commercial furniture-grade wood
particleboard [59]. Moreover, the tensile properties of the developed
composites were comparatively lower than the waste cotton textile
shoddy web-reinforced epoxy composites which are comparable to
commercial wood [41]. Furthermore, the tensile strength of the devel-
oped composites in this study is lower than the waste cotton-reinforced

Sustainable Chemistry for the Environment 8 (2024) 100163

unsaturated polyester composites that can be used in areas where me-
chanical stresses are low, such as automobile interiors, and door panels
[671.

The micrographs of tensile fractured specimens (Fig. 5) were taken to
understand the failure modes of the composites during tensile testing.
Analysis of the tensile fractured specimen surface shows that the ther-
moplastic composite failed in the tensile test by typical failure mecha-
nisms of fiber-matrix de-bonding (Fig. 5-B) and fiber breakage (Fig. 5-
A). Generally, fiber breakage is an indication of better interfacial
bonding [6]. When a load is applied, the polymer matrix transfers the
load to the reinforcement fibers. Under excessive tensile stress, the
interfacial adhesion between the reinforcement fibers and the matrix is
no longer sufficient to bear the stress transfer, resulting in fracture via
de-bonding. Moreover, voids (Fig. 5-C) were detected within the tensile
fractured surface of the specimens (Fig. 5 A-D).

Fig. 6 presents the three-point bending flexural properties of devel-
oped composites with different fiber weight fractions. According to the
test results, both flexural strength and flexural modulus of the developed
composite have gradually increased with increasing fiber loading and
then decreased. Out of the weight loadings tested, 10 wt% fiber-
reinforced composites exhibited the highest flexural strength and flex-
ural modulus of 16.31 MPa and 359.63 MPa, respectively. The high
flexural strength shows good fiber-matrix adhesion. Increasing the fiber
reinforcement to 15 wt% decreased the flexural strength and flexural
modulus to 13.31 MPa and 306.18 MPa, respectively.

While 7.5 wt% weight fiber reinforced composite shows better ten-
sile properties, 10 wt% weight fiber reinforced composite exhibits better
flexural properties. The discrepancy between tensile and flexural prop-
erties in the composite samples could be due to several factors. This
includes differences in fiber distribution and orientation between the
7.5wt% and 10 wt% samples, the distinction between matrix-
dominated and fiber-dominated behaviors in different loading sce-
narios, and possible synergistic effects between fiber content and matrix
properties.

Fig. 5. Scanning Electron Microscopic images of tensile fractured surface of composite specimens showing A) Fiber breakage, B) Fiber matrix de-bonding, C) Voids,

and D) Tensile fractured specimen.
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The decreasing trend of flexural properties can be attributed to the
polymer matrix being insufficient to effectively transfer the load to the
increased fiber population. This is caused by the polymer matrix not
completely encapsulating the reinforcement fibers, leading to poor
interfacial adhesion in the composite [58]. The applied load cannot be
optimally transferred from the polymer matrix to the higher reinforce-
ment fiber loading. This results in a relatively higher amount of cracks
forming upon loading, leading to lower flexural properties.

The flexural strength of these composites is higher than the
commercially available general-purpose wood particleboard (>
11.5 MPa) [33]. Moreover, the flexural strength exhibits lower values
than the commercially available plywood board (48.3-60 MPa) [27].
The flexural strength of these composites exhibits great potential for use

23

in partitioning, door panels, and automobile interiors owing to their
flexural properties [67].

Fig. 7 presents the Izod impact strength of the composites. The
impact properties of polymers are directly associated with their tough-
ness. Toughness is the ability of a material to absorb the applied energy
and resist fracturing under applied load. Impact failure of fiber-
reinforced polymer composites occurs through the processes of plastic
deformation of the matrix, de-bonding at the fiber/matrix interface,
fracturing reinforcement fiber, and fiber pull-out [44].

As results indicated, the impact strength has increased with the
increment of fiber loading in the developed composites, indicating that
waste polyester textile fibers have a positive contribution to the Izod
impact strength of the composites. The fiber volume fraction plays a
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Fig. 7. : Izod impact strength of waste polyester textile fiber-reinforced thermoplastic composites with different compositions of textile waste (TW).
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major role in impact strength increase [62]. However, there is no sig-
nificant increase in the impact strength of all the developed composites
with the values remaining between 21— 22.4 J/m. Moreover, the izod
impact strength of developed composites is lower than the commercial
medium-density fiberboard -MDF (< 37 J/m) [66].

Unlike the other mechanical properties such as tensile strength,
flexural strength, and hardness, the Izod impact strength exhibits an
improving trend with increasing fiber loading in the composites. This
kind of observation is identified because there is a critical fiber fraction
for the composites for effective energy absorption [62]. After passing the
critical fiber fraction of the composites, the impact strength will be
decreased, followed by the lower energy absorption, because above that
critical fiber fraction, there is no possibility for increment in energy
absorption [44].

The shore D hardness values of the composites are presented in Fig. 8
(.

As per the hardness results, it was observed that the shore D hardness
value of the developed composite has decreased with the addition of
fibrous reinforcement. This observation can be attributed to the for-
mation of porosity or voids developed within the composite during the
addition of fiber reinforcement [53]. The SEM image in Fig. 8(b) the
porosity or voids developed within the composite.

Even though the shore D hardness values of the developed compos-
ites have been slightly reduced than the unreinforced matrix (0 wt%),
the shore hardness of composites has increased and again decreased
with the increasing fiber loading in the composites. However, the
hardness values varied from point to point within the same composite
specimen. This observation might be due to the uneven random distri-
bution of discontinuous fibers within the matrix [21]. Out of the
fiber-reinforced composites tested, 10 wt% fiber-reinforced composites
proved to have the highest shore D hardness (41.05 HD). The high shore
hardness shows good fiber-matrix adhesion. Increasing the fiber rein-
forcement to 15 wt% decreased the shore D hardness to 36.22 HD.
Moreover, the shore D hardness values of developed composites are
lower than the commercial medium-density fiberboard -MDF (< 45-55
HD) and commercial plywood board (<45 HD) [4,29].

The percentages of weight gain followed by water absorption were
calculated at regular time intervals and the results are compared in
Fig. 9. As presented, the rate of water absorption initially accelerated
before gradually slowing as the equilibrium condition was reached. The
duration of immersion and the fiber weight percentage of the composites
might have contributed to the rate of water absorption. It was observed
that the water absorption needs approximately 192 hours (8 days) to
reach equilibrium for the composites developed in this research. Among
the composites developed in this study, the composites with 20 wt%
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reinforcement presented the highest water absorption value (3.36 %)
compared to the other composites with different fiber loadings.

The results have shown that these composites absorbed a higher
amount of water than the unreinforced matrix (0 wt%). This observation
can be explained by the fact that the addition of fibers into the polymer
matrix has developed the porosity or voids within the composite, which
were also evidenced in SEM (Fig. 8-b), This can also be attributed to the
extra gaps developed within the composite when adding textile fibers as
the poor interfacial adhesion between matrix and reinforcement [16,
17]. Such voids and gaps can facilitate the physisorption of water and
then trap the penetrated water within those voids and gaps in the
composites. The penetrated water will fill up the voids and gaps rapidly
until the space becomes limited.

Although both polyester fabric and polyethylene materials are hy-
drophobic, water absorption has increased with increasing reinforce-
ment. The hydrophobicity followed by the size of the contact angle for
water is higher for PE compared to that of polyester, which means
polyester is more hydrophilic [52]. Because of this comparatively high
hydrophilicity of the polyester fibers, the water absorption may increase
with the increase of fiber reinforcement.

However, these composites have exhibited significantly low values
for weight gain percentages for all samples with different fiber loadings,
which can be attributed to the hydrophobic nature of both polyester
fibers and matrix [24]. All the developed composites have absorbed a
negligible quantity of water after 8 days. Additionally, even the 20 wt%
fiber-reinforced composites exhibited a lower water absorption value
than the commercially available wood particleboards (< 30.8 %) [33,
49]. Furthermore, the composites developed in this study showed show
comparable water absorption properties to the commercial asbestos
ceiling boards (0.5-3 %) and lower water absorption properties than
commercial trilite ceiling boards (< 35 %) [34].

The polyester textile-reinforced composites burned with higher
horizontal burning rates, ranging from 31.9 to 40.1 mm/min (Table 1).

The burning rates of these composites have increased with increased
fiber loading. While PE is generally considered to be a highly flammable
material, polyester fabric is not [26]. At the same time, polyolefin
including PE has a relatively Low Oxygen Index (LOI), and it causes
dripping when it is burning, which further increases the fire spreading
[71]. Although polyester textiles tend to be slow to ignite, they can melt
easily at high temperatures. However, once it is ignited, severe burning
and dripping occur at a higher rate [22], which is also observed from the
obtained results. A major drawback of these composites is their flam-
mability as they tend to burn at higher burning rates with continuous
dripping. This suggests the need to use flame retardant additives to delay
the burning process.

Fig. 8. : a) Shore D hardness of waste polyester textile fiber-reinforced composites with different compositions of textile waste (TW) and b) SEM images showing

voids developed in the composite.
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Table 1
Flammability test results for waste polyester textile reinforced composites with
different weight compositions of textile waste (TW).

Sample name by textile fiber weight percentage Burning rate (mm/min)

0 %TW 31.91
2.5% TW 32.47
5% TW 34.88
7.5 % TW 35.71
10 % TW 35.38
15 % TW 38.46
20 % TW 40.11

Some of the tested properties have been compared with the prop-
erties of commercial materials in Table 2.

The findings demonstrate that the developed composites exhibit
comparable properties, indicating their potential as substitutes for
commercially available materials used in similar applications. If the
developed waste-based composite materials become commercially
accessible, they possess significant potential for reducing post-industrial
waste in the textile industry thereby enabling a significant decrease in

Table 2

environmental impact. This innovative composite not only addresses
waste-related issues but also adds value to waste materials while giving
a second life to the waste.

4. Conclusions

The current study focused on developing an innovative composite
using waste textile and waste packaging materials from the textile in-
dustry as the primary raw materials. This approach aims to add value to
these waste materials through sustainable chemistry and to evaluate the
feasibility of these composites for non-structural building applications.
The experimental results, compared with existing literature, suggest that
the proposed composites could serve as a viable alternative sustainable
material for such applications. The tensile strength of the developed
composites ranged from 9.14 to 12.53 MPa, while the Young’s Modulus
ranged from 0.25 to 0.38 GPa. These values indicate that the composites
have higher tensile strength and lower Young’s Modulus compared to
wood particleboards used in structural applications. The flexural
strength ranged from 11.51 to 16.31 MPa, which is higher than that of
commercially available general-purpose wood particleboards but lower

Comparison of mechanical and physical properties with values reported in the literature.

Polyester textile waste-based thermoplastic

Commercial wood particleboard — general

Commercial plywood Medium-density fiberboard -

composite purpose board MDF
Tensile strength
(MPa) 9.1-12.5 6-10 27.6-31 18
Young's modulus 251.3-381.4 550-3100 6000-7000 2500-5000
(MPa)
Flexural strength
11.5-16. 11. .3~ 28—
(MPa) 5-16.3 5 48.3-60 8-80
Flexural modulus .
283.7-359.6 Not available 8200-10300 877
(MPa)
Shore hardness (HD) 32.2-42.7 Not available 45 45-55
Density (gcm’3) 0.97-1.31 0.5-0.8 0.4-0.7 0.6-0.8
Water absorption (%) 0.08-3.36 70 7.3-12.7 5-8
. (Chiang et al., 2015; [33,49]; Mirindi (Carbide processors inc., 2022;
Reference This study et al,, 2021) Anderson [4,27] [291)
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than plywood boards. The flexural modulus was between 293.27 and
359.63 MPa. Additionally, the Shore D hardness ranged from 32.27 to
42.65 HD, which is slightly lower than that of commercial MDF and
plywood boards. The Izod impact strength varied between 21.01 and
21.82 J/m, which is lower than that of commercial MDF. However, the
highest observed water absorption value was 3.36 %, which is lower
than that of commercially available wood particleboards and compa-
rable to the water absorption properties of commercial asbestos ceiling
boards (0.5-3 %).

The study demonstrates that the developed composites possess
properties that are either slightly lower than, comparable to, or even
superior to those of traditional particleboards, plywood boards, and
MDEF. Notably, the 7.5 % and 10 % weight fiber-reinforced composites
exhibited particularly superior properties among the samples tested.
However, a limitation observed during the experiments was the flam-
mability of the developed composites. Future research should focus on
enhancing the fire-resistant properties of these composites by incorpo-
rating sustainable flame retardants while maintaining their other
physical and chemical properties. Additionally, properties that are
slightly lower than those of commercial materials could be improved
with the use of sustainable additives. This approach shows promise for
addressing textile waste issues and creating value-added materials for
the construction industry, including applications such as partitioning
materials, door panels, lightweight ceiling sheets, signboards, and
interior fixtures.
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