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There is a growing need for sustainable solutions to address the increasing levels of textile waste at both post-
industrial and post-consumer stages. Easily implementable solutions could accelerate adoption in circular
economy applications. In this context, post-industrial polyester and a water-soluble adhesive were combined to
fabricate recyclable textile-based composite panels using a room-temperature processing method, reinforcing
sustainable practices by lowering energy demands and material use. The resulting composites exhibited tunable
acoustic performance: increased textile content enhanced sound absorption but introduced higher porosity
during fabrication, which affects the material’s overall performance. Additionally, the composites displayed a
low thermal conductivity of 0.05 W/m-K, making them suitable for energy-efficient insulation applications, and
enhanced toughness, with optimal flexural toughness at 37 wt% and impact toughness at 52 wt% textile content.
The ability to recover the materials at room temperature using water demonstrates a simple and effective
recycling process, further extends their lifespan, highlighting their potential for resource-efficient reuse within a
circular economy framework. These recyclable composites can be directly applied in building construction, of-
fering a sustainable alternative for applications such as insulation panels, acoustic treatments, and non-structural
building components. This research advances efforts toward resource-conscious and sustainable production by
reducing textile waste and promoting the circular reuse of materials in the construction industry.

a non-biodegradable material, polyester persists in the environment for
extended periods (Egan and Salmon, 2022), contributing to microplastic

1. Introduction

While clothing is essential to daily life, its production and disposal
are part of a far more complex environmental issue. The textile and
clothing industries are among the world’s most polluting sectors
(Mandaric et al., 2022), (Ngrup et al., 2018) responsible for 8-10 % of
global CO, emissions (Leal Filho et al., 2022), with fast fashion being
one contributing factor (Niinimaki et al., 2020). This business model
supports a disposable clothing trend (Caro et al., 2015), (Yang et al.,
2017), where retail consumers are incentivized to overconsume fash-
ionable items at a lower price (Brewer, 2019), (Casais and Faria, 2022).
Consequently, higher consumption and overproduction result in greater
environmental burdens, including over 92 million tonnes being sent to
landfills or incinerated each year (Niinimaki et al., 2020). This includes
polyester, the most common fiber in textiles, a synthetic fiber derived
from a non-renewable resource (Ellen MacArthur Foundation, 2017). As
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pollution. These microplastics are released into the atmosphere during
use, such as laundering and wear (Nayanathara Thathsarani Pilapitiya
and Ratnayake, 2024) or disposed, and accumulate in terrestrial and
aquatic ecosystems (Dris et al., 2016), further intensifying the problem.
Only a small fraction of the textile waste is effectively processed at the
end of its lifecycle. In the US and EU, these figures are estimated to be 15
% and 26 %, respectively (Bukhari et al., 2018), (Juanga-Labayen et al.,
2022). As a result, most of this waste is disposed of in landfills or
incinerated (Shirvanimoghaddam et al., 2020), representing a signifi-
cant and preventable environmental concern. This current scenario
highlights the need to explore this waste stream, prioritizing sustainable
practices over linear disposal methods (Delpla et al., 2022), (Delbari and
Hof, 2024).

Addressing textile waste requires a focus on reducing future waste
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generation and developing possible solutions for its use (Yalcin-Enis
et al., 2019). For example, consumers, given proper instruction, would
be able to assess more accurately their clothing purchases, waste de-
cisions and extending clothing lifespans through reuse, reducing their
environmental impact (Ngrup et al., 2018). This is particularly relevant
given that, at least in wealthy countries, most of the textiles in the res-
idential waste stream were prematurely discarded, being still good for
reuse (Farrant et al., 2010), (Ngrup et al., 2019), a finding corroborated
by research conducted in Canada (Drennan et al., 2021). Simulta-
neously, addressing the existing stockpiles of textile waste is also
essential. Recycling has been used to handle current waste as a possible
solution.

Textile recycling routes are usually grouped by processing technique,
either mechanical or chemical. The former involves the mechanical
separation of textiles, and the latter involves their dissolution or depo-
lymerization. Alternatively, considering that multiple processing tech-
niques may be used during recycling, Sandin et al. (Sandin and Peters,
2018) proposed a classification based on the type of recycled material
recovered, namely, fabric, fiber, polymer, and monomer (Sandin and
Peters, 2018). This classification provides a more practical approach to
the application of recycled materials and their development in different
applications. Given this perspective and the simplicity of achieving the
recycled stage of fabric and fibers by means of mechanical recycling, it is
reasonable to explore their potential applications. The existing literature
on the applications of recycled fabrics or fibers can be broadly catego-
rized into different groups as follows (Fig. 1): A. Composites, including
Al. fillers (DeVallance et al., 2012), A2. reinforcement (Chen et al.,
2021), (Petrucci et al., 2015), (Ramamoorthy et al., 2014), A3. preforms
(Frydrych et al., 2018), (Mishra et al., 2014), and A4. bio-based com-
posites (Lacoste et al., 2018), (Ramamoorthy et al., 2018), (Temmink
et al., 2018), (Huang et al., 2024); B. Geotextiles, such as B1l. kemafil
rope (Broda et al., 2019) and B2. soil reinforcement (Rahman et al.,
2021). C. construction materials, including, C1. concrete reinforcement
(Wang, 1999), C2. panels (DeVallance et al., 2012), (Barbero-Barrera
et al., 2016), C3. lightweight bricks (Algin and Turgut, 2008), C4.
polymer concrete (Pena-Pichardo et al., 2018), C5. flooring (Echeverria
et al., 2019), and C6. non-structural (DeVallance et al., 2012),

Journal of Cleaner Production 515 (2025) 145759

(Echeverria et al., 2019), (Sadrolodabaee et al., 2021a), (Sadrolodabaee
et al., 2021b), (Sadrolodabaee et al., 2021c). D. Insulation, such as D1.
thermal (Briga-Sa et al., 2013), D2. sound (Echeverria et al., 2019),
(Pegoretti et al., 2014), or D3. both (Dissanayake et al., 2018), (Patnaik
et al., 2015). E. Others, such as E1. heavy metal adsorbents (Bediako
et al., 2016), E2. footwear (Fernandes et al., 2021) and E3. mattress
filing (Nayak et al., 2020). The list of applications is far from extensive,
but it demonstrates that while propositions are not new, they have
become more prevalent in recent years. Approximately 81 % of those
studies were published in the last decade, with the fields of construction
and composites accounting for around 70 % of the applications.

Previous studies provide valuable insight into the potential appli-
cations of recycled textile materials, but the complexity of
manufacturing processes can hinder their development. Prioritizing
simpler processes, especially in regions with large waste streams, can
significantly enhance their viability, scalability, and accessibility
(Kunlere and Shah, 2023), (Pajunen et al., 2016). Barbanera et al.
(2020) offer a practical example of this approach by demonstrating the
feasibility of producing building insulation materials using a straight-
forward technique: simply compression molding leather scraps with
polyvinyl acetate (PVAc) as a binder, followed by consolidation in an
oven at 70 °C (Barbanera et al., 2020). This simplicity serves as an
important step in improving the usage of diverse waste streams, shifting
the emphasis away from individual fiber properties, a key factor in
closed-loop recycling, and instead prioritizing bulk material properties,
which enable more flexible and open-ended recycling based applications
(Drennan et al., 2021), (Sandin and Peters, 2018). For instance, Dis-
sanayake et al. (2018) sandwiched shredded pieces of apparel industry
waste using hot pressing at 215 °C for thermal insulation applications
(Dissanayake et al., 2018). Building upon these findings, which
demonstrated successful consolidation at higher temperatures, future
research could direct attention to room-temperature methods. This shift
could enhance the viability of these simplified processes for greater
practical application.

To expand the range of sustainable building materials and offer a
viable solution for textile waste, this study aimed to explore a simple,
room-temperature fabrication process for textile waste composites using
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Fig. 1. Recycled textile fiber applications available in the literature.
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widely available materials for building applications. Post-industrial
shredded polyester, in varying weight percentages, was manually com-
bined with PVAc, a common binding agent for nonwovens in the textile
industry (Petrucci et al., 2015), at room temperature. By characterizing
the morphology, mechanical properties, thermal and acoustic perfor-
mance of the resulting composite panels, as well as their recyclability,
this research provides a simple solution for transforming textile waste
into a more sustainable building material for thermal insulation, tunable
acoustic properties, or others non-structural applications. To the best of
our knowledge, this research is the first to demonstrate a
room-temperature process that incorporates a straightforward
water-based recycling method for textile waste, distinguishing it from
other approaches. It also offers insights to support further exploration of
recyclable composites for broader applications, thereby extending the
lifespan of textile waste.

2. Materials and methods

The following section outlines the materials and experimental pro-
cedures used in this study.

2.1. Materials

A mix of post-industrial polyester waste fabrics, primarily offcuts
with irregular shapes from industrial production (dimensions ranging
from 20 to 50 cm x 20-50 cm), was employed. A commercially available
adhesive of polyvinyl acetate (PVAc) water dispersion (Henkel, Canada)
was used as received. After water evaporation an average solid content
of 45.8 wt% for PVAc was determined from a triplicate measurement
and it was used to produce the composite panels at different weight
contents. An acrylonitrile butadiene styrene (ABS) filament (Ultimaker)
for fused deposition modeling (FDM) 3D printing was utilized to pro-
duce the mold for the textile panels.

2.2. Methods

2.2.1. Mechanical transformation of textile

A fabric shredder SF-2CA (IPEA) equipment was used to mechani-
cally transform the post-industrial polyester textile fabrics. The fabric
was cut into smaller pieces (ranging from 10 to 25 cm x 10-25 cm) to

Manual

] Mechanically separated
cutting

textiles
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allow for easier feeding into the equipment. The fabric was placed in an
infeed belt conveyor where a feeder roller transported it to a shredding
cylinder, reducing the textile material to a combination of three
different levels, fabric, yarn, and fibers (Fig. 2). The obtained materials
were reprocessed for a total of four times, until a more homogeneous
combination of yarn and fabric was obtained.

2.2.2. Mold and panels fabrication

In order to produce the textile panels 3D printed molds pieces were
made using an Ultimaker S5 (Ultimaker), a FDM 3D printer. Shredded
material was manually combined with adhesive, adding water as needed
to facilitate mixing. This mixture was then fed into the mold and sub-
jected to a pressure of 815 N for 24 h. The panel was left to dry and
consolidate in open air at room temperature (20-25 °C). Fig. 2 provides
a schematic illustration of the process.

Textile panels with 13 x 18.5 cm and thicknesses varying between 2
and 3.5 cm were produced. A total of four different compositions con-
taining 40, 50, 60 and 65 wt% of recycled textiles were obtained. After
final consolidation the composites with recycled textile material con-
tained 37, 52, 60 and 63 wt% with a random orientation. To evaluate the
effect of textile addition in comparison to the adhesive alone, control
samples were prepared using adhesive only. These control samples were
produced by pouring 200 g of adhesive into a rectangular silicone mold
and curing it at room temperature (RT) in a fume hood for three weeks.
Additionally, the fabricated samples were prepared for additional
testing as required, by operations of cutting and sanding to create a
flatter surface when needed.

2.2.3. Characterization

Table 1 presents a simplified overview of the materials character-
ization performed, categorized by the investigated properties. The
different techniques used by material type are indicated with a check
mark. A detailed description of each characterization technique is pre-
sented next.

2.2.3.1. Morphology. The textile material before and after mechanical
transformation, cross-section of the adhesive, the surface of the com-
posites and the fractured region of mechanically tested composites were
observed with a scanning electron microscope (SEM) Hitachi MEB-3600-
N at an accelerating voltage of 5 kV. Samples were gold coated using an

Consolidated
panels and samples

Manual
mixing

Compression
molding

Fig. 2. Schematic illustration of the fabrication process from fabric to textile composite panels.

Table 1
Overview of the investigated materials properties.
Investigated Property Materials
Adhesive Textile Composites (wt.%)
Fibers Yarn Fabric 37 52 60 63
Surface Morphology v v v v v v v 4
Physical Density v v/ - - 4 v v v
Contact Angle v v - - v v v v
Thermal Conductivity v - - - v v v v
Acoustic - - - - v v v v
Mechanical Flexural v - - - v v v v
Impact - - - - v v - -
Recyclability Materials recovery - - - - - - - v
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Emitech K550X sputter coater. For the mechanically transformed tex-
tiles three samples were investigated a piece of fabric, yarn and fiber,
randomly selected. They were also observed under transmitted light
using an Olympus BX51 optical microscope equipped with an OptixCam
Summit SK2-5.2X digital camera.

2.2.3.2. Density and percentage of porosity. Density (p) measurements
were conducted with the help of an AccuPyc II 1340 gas pycnometer
using helium to determine the sample volume. A 35 cm? cup was used as
a container to perform the measurements of the composite panels and
the adhesive. A cycle of 10 purges followed by 10 volumetric mea-
surements was performed, with the average density based on the
average volume and mass of the sample, weighted prior to testing. The
percentage of porosity (¢) was determined based on the bulky density
(pp) of the samples and their density using Equation (1):

¢:<1J%) x 100 Eq. 1

bulk density was determined based on the total mass and volume of the
samples, with the dimensions measured using a caliper.

2.2.3.3. Contact angle. The wettability of the materials under study
were evaluated through contact angle measurements with water. These
measurements were performed on the surfaces of adhesives, textile
panels, and mechanically transformed textiles in the form of loose fibers,
which were randomly selected. A VCA Optima goniometer was used to
perform the measurements with ultrapure water at RT. The images were
taken just after the drop was deposited on the surface of the material; a
total of 5-6 measurements were conducted for each sample. The contact
angle was calculated based on the average angle value between the left
and right of the water droplets and material surfaces, determined using
ImageJ software.

2.2.3.4. Thermal conductivity. The thermal conductivity was measured
using a C-Therm Trident system. Samples were placed in a modified
transient plane source sensor and held in place with a 500-g weight with
no liquid contact. Five measurements were taken for each sample, with
samples tested in duplicate. The inability to machine a sufficiently flat
surface hindered the testing of the composites containing 63 wt% of
textiles.

2.2.3.5. Acoustic properties. The acoustic properties were assessed using
a commercial impedance tube (Mecanum, Sherbrooke, Canada),
focusing on the measurement of the normal incidence sound absorption
coefficient (SAC) and sound transmission loss (STL) of the composite
panels. Cylindrical samples with varying textile content and with a
diameter of approximately 44 mm and thicknesses of around 7.4 mm
were prepared and tested across a frequency range of 115 Hz-4323 Hz.
The SAC was measured in accordance with ASTM E1050-19 (ASTM
E1050-19, 2019), considering two different mounting conditions: (1)
with the samples placed directly on a rigid backing, and (2) with the
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samples placed on a 50 mm thick air plenum. The addition of an air
cavity behind the sample provides a more realistic scenario, as potential
applications for such composite panels include uses like ceiling tiles. The
STL was determined from pressure measurements at three positions
within the impedance tube according to the “three-microphone method”
(Salissou et al., 2012) and standard ASTM E2611-09 (ASTM E2611-09,
2009). Small plastic rings and petroleum jelly were used to prevent
acoustic leaks around the edges of the samples. Although only one
sample per material type was evaluated, multiple measurements were
performed for each acoustic indicator (SAC and STL) to identify the
measurement variability associated with mounting and dismounting the
samples in the tube.

2.2.3.6. Three-point bending. The flexural properties were evaluated
using a three-point bending test performed on a MTS universal testing
machine with a 10 kN load cell. Samples with variable thickness were
placed between the supports with a 100-mm span. A test rate of 30 mm/
min was used to determine the maximum flexural stress (c5) and the
modulus of elasticity (Ep) using Equations (2) and (3):

3FL
Gf:ﬁ Eq 2
L®m
_ Eq.
B 4bs a-3

where F is the applied force (N), L is the support span (mm), b is the
sample width (mm), t is the sample thickness (mm), m is the initial slope
of the load-displacement curve (N/mm) (Alshahrani and Ahmed, 2021).
Toughness was calculated by integrating the stress-strain curve. The
final value was calculated by averaging the response of a triplicate set of
samples.

2.2.3.7. Impact testing. A drop tower test machine (Cadex twin-wire)
equipped with a load cell (max. 22 kN) was used to determine the
samples’ response under dynamic compressive solicitation during
impact testing. A flying arm with a flat surface and a mass of 5 kg was
used as a free fall impactor dropped from different drop heights. Two
different sample compositions were tested: 37 wt% and 52 wt% of
recycled material. For both compositions, drop heights were tested in 10
cm increments. Samples containing 37 wt% of recycled material were
tested at heights of 10 and 20 cm, while those with 52 wt% were tested
at heights ranging from 10 to 30 cm. All tested samples had a length-to-
thickness ratio of at least 2 (Miltz and Ramon, 1990) and were fixed with
double-sided tape to the load cell assembly. The displacement of the
impactor was determined using a high-speed camera (Fastcam SA3
model 60K-M2) at 4000 Hz by tracking the markers placed on the
impactor with digital image correlation. To describe the energy dissi-
pation, two parameters were used: the coefficient of restitution (COR)
and ideality (Eq. (4)). The COR, representing the ratio of the impactor’s
velocity before and after impact, was determined directly from the
high-speed camera data. Ideality, on the other hand, required calcu-
lating the energy absorbed during compression. This was achieved by

Fig. 3. Morphology of a) fabric, b) yarn, and c) fibers after mechanical transformation using OM.
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first obtaining the compressive stress (o) as a function of strain (¢) from
the force, time, impactor displacement, and sample dimensions, as
detailed elsewhere (Bailly et al., 2020). With the stress-strain data,
ideality was then calculated using Equation (4) (Miltz and Ramon,
1990):

Jo ode

Om€m

Ideality (%) = Eq. 4

where the Ideadlity (%) parameter expresses the ratio of the absorbed
energy of the investigated samples to that of an ideal absorber. The
maximum obtained compressive stress (6,) and strain (ep,) of each tested
drop height were used in the calculation. This approach was chosen
because a clear onset of densification, which could have served as the
value for the ideal absorber, was not observed in the stress-strain curves.

2.2.3.8. Materials recovery. An approximately 2 cm x 2 cm x 1 cm
piece of the 63 wt% panel was taken and immersed in a beaker con-
taining approximately 150 mL of water. The sample was stirred
constantly for 4 h at RT. After that, the recovered textiles pieces were
placed in a non-stick sheet, and the solution containing the adhesive was
poured into a rectangular mold. Both materials were left for 72 h under
vacuum at RT in an oven.

3. Results and discussion
3.1. Surface, structure and physical properties

3.1.1. Textiles’ morphology

The effect of mechanical transformation on the textile’s morphology
was qualitative observed using OM and SEM. Fig. 3 shows the fabric,
yarn, and fibers morphology after mechanical transformation.

Fig. 3a illustrates that the fabric, despite undergoing the mechanical
transformation, retains its integrity with no significant damage. The
continuous weave structure of the fabric remains clearly visible. Upon
closer inspection, fibers pulled from the yarn and cut extremities can be
observed (Fig. 3b). Fig. 3c presents the fibers with non-hollow structure.
Their extremities exhibit a combination of morphologies due to cutting
and tensile solicitation experienced during processing, characteristic of
a ductile material (Hearle et al., 1998). The surface morphology of the
textiles observed by SEM, both before and after mechanical
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R
X\ ‘\‘\““‘ \
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transformation are presented in Fig. 4.

As shown in Fig. 4, the material exhibits no surface damage prior to
processing. After processing, the structure of the material is preserved,
regardless of its type, for example: the woven structure of the fabric and
the twisting of the yarn. However, smearing fibers were identified in
some areas on the surface of the processed textile, as shown in Fig. 5. The
observed damage could potentially be attributed to excessive friction
between the fabrics during processing.

3.1.2. Density and percentage of porosity

The thermal and mechanical properties of the composite depend on
the effective combination of the materials during fabrication. Porosity in
the bulk material may indicate structural defects, such as phase dis-
continuities, resulting from insufficient adhesive. Considering this,
Fig. 6 shows the density and porosity as a function of the textile’s weight
content. The density was compared to the theoretical density of the
composite (Ty), calculated based on Equation (5):

WD17 2mm 5kV x500

Fig. 5. Surface morphology of the fabric after processing.

WD17.3mm Sky x500

N

W 3
WD17.2mm 5kV x500

Fig. 4. Surface morphology of textile material before and after mechanical transformation: (a, b, c) fabric, yarn, and fiber before transformation, and (d, e, f) after

transformation.



J.C. Ferreira Junior et al.

1.5 — . . . . 80
[ )
170
14} ¢ e
= . . o | 60
‘\E’ 1.3} ° 150 &
2 2
E, . 140 g
012+ , s
5 0 8
o
120
11+F ¢ Density
-------- Theoretical density - 1
¢ Porosity
1 (] | L L L L | 0

0 10 20 30 40 50 60
Textile content (wt.%)

Fig. 6. Density and porosity as a function of the weight content of textile.

100

where A9, Rwios, Ad, and Ry, represent the weight content and density
of the adhesive and recycled textile, respectively. The R4 value was
assumed as 1.428 g/cm® based on the measurement of the density of
post-industrial recycled polyester fibers.

Considering the theoretical density (dashed line), a deviation from
the measurements was observed and could be attributed to two factors.
The first factor is the combination of different densities of the textile
materials used in the composite. The second factor is the degree of
porosity of the samples. As expect, porosity appears to be a function of
the textile weight content, with a noticeable trend of increased porosity
with higher textile content. For instance, a textile content of 37 wt%
resulted in nearly 60 % porosity. The morphology of the adhesive and
composites were investigated to better understand the porosity results.

Ty = Eq 5

3.1.3. Adhesive and composite morphology

Fig. 7 provides a comparison of the porosity morphology in the ad-
hesive and composites with different textile contents.

The adhesive cross-section (Fig. 7a) exhibits porosity primarily as
elliptical-shaped voids, highlighted in blue, with the longest sizes (major
axis) ranging from 0.21 to 5.31 pm. However, with the addition of the
textiles, regions of discontinuity between the matrix and textile are
present, (Fig. 7b), although individual fibers are not apparent. At the
maximum concentration of textile (Fig. 7c), the presence of dry spots
(Patel and Lee, 1995) with individual fibers becomes more noticeable,
and the spaces between them are insufficiently filled by the adhesive.
This observation highlights the challenge of achieving optimal textile
packing and adhesive wetting at higher textile concentrations at the
same consolidation pressure, leading to increased porosity/voids and as

-
7

WD
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later shown, negatively affecting the flexural behaviour of the samples.
These challenges in wetting and fiber interaction are further exemplified
by the water contact angle measurements, as the adhesive, being
water-soluble, may interact less effectively with the textile surface.

3.1.4. Contact angle

Incorporating materials with different wetting properties might
impact not only the composite’s wettability and how it interacts with
other adhesives or surface treatments in later processing stages but also
how it interacts during the fabrication process. The average contact
angle values for the adhesive, textile panel, and mechanically trans-
formed textiles are depicted in Fig. 8. It also includes an example of the
water droplets on the surface of these materials.

The adhesive’s contact angle indicates its hydrophilic nature, with an
average contact angle of approximately 65°. Incorporating textile ma-
terial increased the surface roughness and enhanced the hydrophobicity,
reaching a contact angle of 123° at a textile weight content of 63 %. This
value matches the peak contact angle of 128° observed for polyester,
which is expected as most of the composite surface is predominantly
composed of textile material. The observed contact angle values high-
light the differences in wetting behavior of the adhesive and textile
surfaces, indicating increased difficulty for the adhesive to effectively
flow and wet the textile during fabrication. As the textile content in-
creases, the adhesive’s ability to adequately wet the fibers becomes
more challenging (Turner et al., 2024), leading to increased porosity and
lack of bonding, as previously illustrated in Fig. 7c.

3.1.5. Thermal conductivity
The use of recycled textile material offers a promising alternative to

160
140

120

e

D100
80
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40

Av. contact an

20

0 37 52 60 63 100
Textile content (wt.%)

Fig. 8. Average contact angle of adhesive, textile panel and mechanically
transformed textiles.

WD21.3mm 5kV

Fig. 7. a) Cross-section morphology of the adhesive, surface morphology of textile composite with b) 37 wt% and c) 63 wt%.
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Table 2 Table 3
Thermal conductivity of adhesive only and textile panels samples. Summary of results of NRC and STLgy, of the textile panel samples.
Textile content (wt.%) Thermal Conductivity (W/m-K) Density (g/cm?) Textile content NRC - rigid backing ~ NRC - 50 mm air STLqyg (dB)
t.% — 1 -
0 0.3072 + 0.0034 1.21 4 0.01 (wt.%) = plenum ()
37 0.0504 + 0.0022 1.31 £ 0.01 37 0.16 + 0.01 0.23 £+ 0.00 21.2 £ 0.0
52 0.0684 + 0.0027 1.36 + 0.01 52 0.15 £ 0.02 0.32 £ 0.02 17.6 +£ 0.5
60 0.0594 + 0.0051 1.39 £ 0.01 60 0.15 £+ 0.02 0.39 £+ 0.00 14.7 £ 0.1
63 0.13 £ 0.03 0.59 + 0.01 9.8 £0.1

conventional insulation solutions towards increased sustainability with
adequate thermal performance. Table 2 summarizes the average thermal
conductivity of the adhesive and composites.

The maximum reduction in thermal conductivity was observed with
a six-fold reduction at a textile content of 37 wt%, compared to the
sample containing only adhesive. However, any further increase in
textile content beyond this concentration did not result in additional
reductions in thermal conductivity. A similar result was published and
was associated with the increased density of the composite (Valverde
et al., 2013). Nonetheless, in the current study the addition of any
amount of textile content resulted in a material that can be classified as a
thermal insulator for building applications, as thermal conductivities
less than 0.07 W/m-K were obtained (Asdrubali et al., 2015).

3.1.6. Acoustic response

The SAC and STL, presented in Fig. 9, are frequency-dependent in-
dicators which respectively characterize the material’s ability to absorb
acoustic energy and block it from passing through. SAC values close to
0 indicate little to no sound absorption, while values near 1 represent
complete sound absorption. In the case of STL, the higher the value, the
better the panel’s acoustic insulation.

As the textile content increases, Fig. 9a and b shows a global increase
of the SAC. However, for rigid backed samples below 2000 Hz, the trend
reverses, with the SAC slightly decreasing. Adding an air plenum
significantly enhances the low-frequency SAC, as expected (Allard and
Atalla, 2009) (see Fig. 9b), achieving values of 0.8 at 530 Hz and 3600
Hz for the material with 63 wt% textile content. The SAC difference
between materials can be attributed to the increase in open porosity
with higher textile content, which is associated with a reduction in
airflow resistance of the samples (defined as the ratio of the pressure
differential across a material sample to the normal flow through it; not
measured in this study). An effective acoustic material for absorption
applications requires a microstructure that allows fluid to flow through
it, thereby enabling greater energy dissipation via viscous effects.
However, this property also explains the observed decrease in STL with
increasing textile content, as shown in Fig. 9c: porous materials with
higher open porosity being less effective at blocking sound transmission.

To simplify the comparison between materials, single-value

indicators were also calculated based on the frequency responses. In the
case of the SAC, the frequency-averaged noise reduction coefficient
(NRC) was calculated as the average sound absorption coefficient of the
sample across four third-octave bands: 250 Hz, 500 Hz, 1000 Hz, and
2000 Hz. In the case of STL, the frequency-averaged sound transmission
loss (STLqyg) was calculated as the average of the narrow band STL in the
frequency band of interest. Table 3 summarizes the results.

These single-value indicators accurately reflect the trends observed
for the SAC of materials with an air cavity and the STL: the NRC in-
creases while the STLg,, decreases with the textile content. However, it
can be observed that the NRC in the rigid backing configuration slightly
decreases with the increasing textile content in the material. This is due
to the definition of the NRC, which only considers absorption values for
frequencies below the upper limit of the one-third octave band at 2000
Hz. These results highlight the potential for designing textile sandwich
panels that optimize both sound absorption and sound transmission loss
by strategically varying the textile content across different layers of the
composite structure for acoustic applications (Barbanera et al., 2020).

3.2. Mechanical properties

3.2.1. Three-point bending

Textile composites offer the advantage of combined properties,
thereby broadening the range of potential applications. In addition to
assessing the composites’ thermal conductivity and acoustical behavior,
the mechanical behavior of the textile-reinforced composites under
flexural loading was investigated. Table 4 provides a summary of the
results in terms of modulus of elasticity (Ep), maximum flexural stress
(op) and toughness.

Fig. 10 presents the a) flexural response in terms of stress and strain
and b) the Ep as a function of samples’s porosity percentage.

Samples based only on the adhesive exhibited a three times more
rigid response compared to those with textiles, showing a higher Eg and
or. The addition of textiles increased the ductility of the samples,
increasing the maximum supported strains. A similar trend was also
reported for a composite based on poly(vinyl) alcohol and municipal
solid waste (Ferrari et al., 2019). Despite a reduction in of and Ep
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Fig. 9. Sound absorption coefficient (SAC) of the panels backed a) by a rigid termination; or b) backed by a 50 mm air plenum; and textile panels ¢) sound
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J.C. Ferreira Junior et al.

Table 4
Summary of results of Ep, o and toughness for adhesive and textile panel

samples.

Textile content (wt.%) Ep (MPa) of (MPa) Toughness (kJ/m>)
0 1273 + 54 21 +4 189 + 51

37 409 + 49 13+5 815 + 141

52 183 £ 16 4+1 406 + 142

60 21+6 2+0 183 + 59

63 10+2 1+0 98 +1

properties in all textile-based samples, an increase in toughness was
obtained, increasing the energy required for fracturing. This represented
a change from a brittle fracturing composite to a ductile one, with a
larger plastic deformation, with the 37 wt% textile composites showing
the highest toughness. The reduction in both Ep and oy might be related
to the reduction of the overall amount of adhesive available for bonding
the textile fibers leading to an increased percentage of porosity, as
represented by Fig. 10b. A linear regression (LR) (dashed line) and the
R-squared are presented to show the porosity and Ep association. The
correlation was high (R? = 0.97), indicating a significant correlation
between these two parameters. The results obtained are consistent with
findings from investigations on conventional fiber-reinforced polymers,
where void content played an important role in mechanical performance
(Hagstrand et al., 2005), (SuhotC. and A., 2014). Although the materials
differ, studies on glass fiber-reinforced polypropylene composites re-
ported a reduction of approximately 1.5 % in Ep and oy for each 1 %
increase in void content, indicating the negative effect of voids
(Hagstrand et al., 2005). Based on this relationship, the porosity increase
from around 2 %-58 % with the addition of 37 wt% textile content
resulted in a 70 % reduction in Eg, which is in good agreement with an
84 % reduction approximated from the findings of the referenced study.
This behavior, observed with increasing textile content, is likely influ-
enced by the use of compression molding, a process that is prone to
introducing greater porosity compared to other composite fabrication
methods (Harris, 1999). To further assess the impact of reduced
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adhesive content on composite behavior, fracture surface analyses were
conducted and are presented in Fig. 11.

Analysis of the fracture surfaces reveals a distinct difference in fail-
ure mechanisms at increased textile contents. At 37 wt% textile
(Fig. 11a), it is possible to observe both adhesive-rich and textile-rich
regions, indicating some degree of non-uniformity in the distribution,
as well as the presence of voids. At higher magnification (Fig. 11b),
fracture behavior appears to involve a combination of adhesive and
cohesive failure. Good interfacial adhesion is evident from the presence
of fiber breakage and limited fiber pull-out, indicating that the matrix
can transfer the load to the textile fibers (Satapathy et al., 2008).
Nonetheless, the surface of textile fibers does not appear to be coated
with the adhesive, indicating lower compatibility between materials, as
previously discussed. In contrast, the fracture surface at the highest
textile content (Fig. 11c) exhibits extensive discontinuities and bound-
ary regions. This lack of adhesive bonding and, critically, a reduction in
the amount of matrix available to effectively wet and bond with the fi-
bers limits stress transfer, leading to a noticeable decrease in mechanical
performance. This is consistent with the observation that at higher fiber
loadings, the matrix may not be sufficient to fully encapsulate and
support the fibers, leading to increased porosity and reduced load
transfer. The increased fiber-fiber interaction also contributes to this
effect, as the fibers may interfere with each other’s ability to effectively
carry the load (Satapathy et al., 2008). Nonetheless, based on the o¢
results for composites with 37 wt% and 52 wt% textile content, these
materials show potential for use as false ceiling boards in building ap-
plications (Zeleke and Rotich, 2021).

3.2.2. Impact testing

Given the increased toughness of the textile composites under flex-
ural solicitations rather than increased strength, their shock absorption
ability was investigated using the impact test method. Specifically,
composites with 37 wt% and 52 wt% of textile materials were selected,
as they showed the highest toughness compared to the neat material.
Fig. 12 illustrates the samples behavior relative to the compressive
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Fig. 10. a) Flexural response of adhesive and textile-panel samples, and b) modulus of elasticity (Eg) as a function of the sample’s porosity.
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Fig. 11. Fracture surface of a textile composite with a) 37 wt% and its b) highlighted fibers at increased magnification, and at c) 63 wt%.
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solicitations shown by the a) coefficient of restitution, b) compressive
stress-strain curve, and c) ideality.
Energy loss is indicated by lower COR values, opposed to a perfect
elastic collision (COR of 100 %). As shown in Fig. 12a, higher drop
heights resulted in a decrease in COR for both material compositions,
indicating greater energy dissipation during impact. The 52 wt% com-
posite samples exhibited lower COR values compared to the 37 wt%
samples, suggesting enhanced energy absorption ability. Fig. 12b shows
that the 52 wt% composites exhibited both larger deformations and
enhanced toughness. At a drop height of 10 cm, the 52 wt% composite
absorbed 117 % more energy compared to the 37 wt% composite.
Interestingly, this is the opposite result of the flexural testing, where the
combination of compressive and tensile solicitations resulted in lower
toughness for those same compositions. Lastly, Fig. 12c¢ shows that the
52 wt% composites displayed higher ideality values, indicating a greater
capacity to approach the ideal behavior of an absorber for all tested

heights.

3.3. Dissolution-based recycling

Recovering the starting materials is a key step towards increased
recycling and reuse in the circular economy. Fig. 13 illustrates the re-
covery process of the 63 wt% composite.

As the figure illustrates, dissolution in water is an effective way to
separate the water-soluble adhesive and the textile material, allowing
their recovery. Following dissolution, the adhesive can be recovered by
drying the water-based solution, yielding a film of the recovered mate-
rial. This process highlights the potential for these materials to be

recycled repeatedly, effectively contributing to a circular materials
economy and reducing environmental impact. It should be noted that
the performance and recyclability of the composite may be influenced
by environmental factors, such as relative humidity or temperature.
Changes in humidity could affect the adhesive properties, potentially
reducing bonding strength and impacting overall material performance.
On another note, the separation process was feasible due to the limited
interaction between the materials, as indicated by the contact angle
measurements. However, these results may vary depending on the
textile composition. Textiles made of cotton or fiber blends may exhibit
stronger interactions with the adhesive, which could hinder the effi-

ciency of the separation and recovery process.

4. Conclusions and remarks

This study demonstrated the feasibility of fabricating recyclable
textile-reinforced composites using a room-temperature processing
method, emphasizing their potential for sustainable and circular econ-
omy applications. The incorporation of recycled textiles allowed tunable
properties. Increased textile content enhanced sound absorption but
reduced soundproofing due to higher porosity. While the fabrication
process presented challenges, particularly with the amount of porosity
introduced at higher textile content, the results highlight the versatility
of these composites, which varied based on textile loading content.
Additionally, the composites exhibited lower thermal conductivity,
well-suited for thermal insulation applications for thermally efficient
building applications. Furthermore, flexural toughness was highest at
37 wt% textile content, while impact toughness was greatest at 52 wt%,

Fig. 13. Schematic of the water dissolution process for composite recycling, with a) the composite sample, b) dissolution process, and c) individual materials after

dissolution and drying.
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highlighting the materials’ effectiveness in different energy absorption
applications. Additionally, the ability to recover the materials using a
water-based dissolution approach adds to the composites’ feasibility
within a circular economy framework, extending their lifespan.

Despite these findings, certain limitations should be acknowledged.
First, only polyester-based post-industrial textile waste was used in this
work. The behavior of composites incorporating other common textile
materials or post-consumer textile waste was not investigated and may
differ in terms of bonding, wetting behavior, or recyclability. Second,
environmental testing was not conducted. Key aspects such as moisture
resistance, biodegradability, thermal cycling and overall performance
under environmental exposure were beyond the scope of this study and
should be explored in future research.

The current findings offer a general framework for future research,
which may be focused on three main directions: materials, process, and
scalability. Future studies could explore different textile types (e.g.,
cotton-only and polyester-cotton blends) using the same adhesive sys-
tem, to assess how fiber type influences final properties. On the process
side, reducing porosity, especially at higher textile content, while
maintaining room-temperature conditions will be essential to improve
consistency and performance. Finally, once materials and processes are
optimized, research into large-scale production methods and the scaling
up of the water-based recovery process would be important steps toward
making these composites both commercially viable and more sustain-
able. By addressing these areas, textile-based composites have the po-
tential to result in low-impact materials for a wide range of indoor
building applications including partitions, decorative panels, counter-
tops, and furniture, contributing to a more circular and resource-
efficient construction sector.
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