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Abstract

Microfibers (MFs) are released into the environment during the entire life of textile materials, from
manufacturing to disposal. It is evident that micro-sized wastes are just as significant as
macro-sized ones, and this issue should be prioritized. The use of textile waste in sound insulation
materials is increasingly gaining attention. However, conventional sound absorption materials,
such as fiberglass, polyurethane, and melamine foams, offer high-performance acoustic properties,
but are derived from non-renewable resources and contribute to environmental degradation. This
study aims to develop environmentally friendly fibrous sound absorption panels by reusing MF
waste generated during textile finishing processes. Waste MFs used within the scope of the study
were collected from a textile finishing process’ wastewater containing a variety of fibers, including
wool, cotton, acrylic, polyamide, polyester, polypropylene, and viscose by filtration method and
blended with polyester fiber as a binder. Then, acoustic panels were produced using a hot press
technique by varying the panel thickness, density, and binder fiber ratio, and the physical,
chemical, morphological, and acoustic properties of these panels were tested. Findings revealed
that thickness emerged as a critical factor, with the thickest samples exhibiting the highest sound
absorption coefficient (0.9 at 3000 Hz). Moreover, an increase in sample density correlated
positively with enhanced sound absorption values, while the binder fiber ratio demonstrated a
negative impact. Additionally, all samples exhibited hydrophobic characteristics, showcasing water
resistance. The statistical analysis of sound absorption performance was conducted using one-way
ANOVA and Tukey’s honestly significant difference test, with the results visualized through
boxplots. Compared to conventional materials, the developed MF-based panels provide an
eco-friendly alternative by reducing reliance on virgin synthetic materials while achieving
competitive sound absorption properties. This study enables sustainable waste management in the
textile industry and the reuse of MF waste, providing alternative and environmentally friendly
solutions to currently used sound absorption materials. While the recyclability and reuse potential
of these panels remain promising, further research is needed to evaluate their long-term
mechanical performance, resistance to environmental degradation, and practical implementation
in real-world applications. Future investigations should focus on optimizing large-scale production
processes and assessing the environmental footprint of these materials throughout their lifecycle.

1. Introduction Microplastics from textiles, primarily in fibrous form,

are released into the environment at various stages,
The textile industry, in addition to producing masses  including production, processing, use, and disposal.
of textile waste, contributes significantly to world- Most microfiber (MF) release occurs during pro-
wide microplastic contamination (Li et al 2023). duction (49%), followed by laundry (28%) and use

© 2025 The Author(s). Published by IOP Publishing Ltd
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(23%) (Salvador Cesa et al 2017, Lim et al 2022,
Zhang et al 2022). According to the Ellen MacArthur
Foundation (2017), over 160 million metric tons of
clothing are projected to be sold by 2050, leading to
the release of 22 million metric tons of MFs into the
oceans from 2015 to 2050.

Although practically every stage of the textile
production results in the release of MFs, it is well
known that certain procedures have higher MF
release according to the machine’s working principle
and intended applications. To improve the handling
or bulkiness of textiles, mechanical finishing pro-
cesses, including burning, calendering, embossing,
and brushing, are frequently utilized. While certain
techniques increase MF release, others decrease it.
For instance, the fabric’s surface is brushed during
the raising process to provide bulkiness and smooth-
ness, which results in an excessive number of pro-
truded fibers that may promote MF release. On
the other hand, as projecting fibers are eliminated
during the burning and calendering operations, the
release of MF diminishes (Raja Balasaraswathi and
Rathinamoorthy 2021). Biancalani is a textile fin-
ishing machine that exemplifies the raising proced-
ure by removing a fiber layer to yield a warm, vel-
vety texture (Senthil Kumar and Sundaresan 2013,
Aldalbahi et al 2021). However, the fibers released
by this machine interact with wastewater, resulting
in higher MF concentrations in the effluent (Carney
Almroth et al 2017).

There are various ways to tackle microplastic pol-
lution. One option is to focus on developing textile
structures that result in lower shedding (Berruezo
et al 2020). It is feasible to reduce the release of
MFs during laundry by considering aspects such as
weave patterns and fabric design (Luogo et al 2022).
Furthermore, pre-washing and vacuum exhaustion at
manufacturing facilities can help remove loose fibers
before the textiles enter the market, lowering the pos-
sibility of shedding during usage. Another approach
involves enhancing filtering systems, encompassing
both individual households and textile laundries.
More effective filters in home washing machines can
assist in capturing MFs and preventing their discharge
into wastewater (Berruezo et al 2020). Likewise, tex-
tile laundries can use filtration technologies that are
effective in removing MFs from wastewater before
they are released into nature (Stefan et al 2022).
Additionally, recycling and reusing textile waste can
play an important role in reducing microplastic pol-
lution. While textile waste has traditionally been dis-
posed of through incineration or landfilling, altern-
ative waste utilization strategies have been explored
to mitigate environmental pollution and promote
sustainability (Harper and Moody 2023). Various
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recycling approaches have been developed for tex-
tile waste, including mechanical recycling, chem-
ical recycling, and bio-based alternatives. Mechanical
recycling involves breaking down textile waste into
fibers for reuse in nonwoven applications, such as
insulation materials, automotive components, and
geotextiles (Cao et al 2022, Ozdil et al 2023).
Chemical recycling, on the other hand, uses solvents
or enzymatic processes to depolymerize synthetic
fibers, such as polyester, into monomers that can be
repolymerized into new textiles (Miao et al 2024).
While chemical treatments offer high recovery rates,
they often require significant energy inputs and gen-
erate secondary waste streams (Juanga-Labayen et al
2022, McCauley and Jestratijevi¢ 2023). It is import-
ant to investigate techniques for recovering natural
and synthetic polymers from textile waste to reduce
microplastic emissions during disposal procedures
(Juciene et al 2022).

Recently, macro-scaled textile waste has been
used in various construction applications, including
thermal insulation and sound absorption in build-
ings, interiors, and vehicles, owing to its environ-
mental benefits and energy-saving potential (Islam
et al 2020, Antolinc and Filipi¢ 2021, Samardzioska
et al 2023). Studies indicate that recycled textiles
can offer superior sound absorption compared to
conventional insulating materials (Islam et al 2020).
According to Antolinc and Filipi¢ (2021), recycled
fibers can be used for a variety of tasks, such as incor-
porating them into the fabrication of nonwovens or
using them as components of composites by applying
pressure and heat. In a broader context, the utilization
of textile waste as a form of insulating material offers
promising opportunities for both energy conserva-
tion and ecological sustainability. In a study conduc-
ted by Sezgin et al (2021), composite materials were
developed by combining waste denim fabric from the
textile sector with waste polypropylene/polyethylene
bottle caps and containers from the packaging sec-
tor. The composite panels were manufactured from
shredded cotton wastes and ground plastic wastes
distributed through fibrous layers using a hot press
machine, with modifications in panel thickness and
the type of matrix utilized. The results revealed that
the produced composites act like porous materials,
and their sound absorption ability improves as the
frequency range increases. Moreover, the study by
Dehdashti et al (2024) investigated the innovative
use of discarded face masks to create sustainable,
high-performance panels that enhance thermal and
acoustic comfort in buildings. The research high-
lighted that the fine fibers in the masks that result
in higher surface area improve sound absorption and
thermal resistance. Finer fibers increase air channel
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tortuosity, improving thermal insulation and sound
wave dissipation and acoustic performance (Karimi
et al 2022). Research indicates that sound absorp-
tion is significantly influenced by the structural prop-
erties of materials, including tortuosity (sinuosity of
the pore space), porosity, and air flow resistivity. For
instance, Ismail et al (2019) emphasize that sound
absorption in composite materials is primarily gov-
erned by air flow resistivity, porosity, and tortuos-
ity, which collectively determine the dissipation of
acoustic energy. Similarly, Jayamani et al (2015) high-
light that the porous structure of fibers plays a cru-
cial role in reducing sound reflection and enhancing
absorption, as inter-fiber voids effectively trap sound
energy. There have been numerous studies that evalu-
ate macro-sized textile wastes in the literature (Wazna
et al 2018, Baccouch et al 2020, Kamble and Behera
2021, Sezgin et al 2021, Ailenei et al 2021, Gedif and
Atalie 2022, Yalcin-Enis 2023). On the other hand, it
is possible to come across very few studies in which
microplastic fibers are recycled and used in cement-
based construction materials. One of these is a study
by Malchiodi et al (2022) on the direct recovery of
blended finishing textile waste MFs for use in the
development of fiber-reinforced cementitious com-
posites with improved thermal insulation and mech-
anical performance. Results indicated that both envir-
onmentally friendly and efficient composite building
materials are successfully manufactured, enabling the
reduction of almost 4 kg of fine particulate matter per
ton of cement paste (Malchiodi et al 2022).

Conventional sound-absorbing materials, such as
mineral wool, polyurethane, and melamine foams,
are derived from non-renewable sources and present
significant environmental concerns, including micro-
plastic emissions and toxic chemical release through-
out their lifecycle (Astrauskas et al 2021, Janlee
2024). Although these materials often exhibit high
sound absorption coefficients (SACs), their envir-
onmental footprint raises concerns about their
long-term sustainability. Additionally, micro/nano-
plastic release from conventional sound-absorbing
materials—particularly during manufacturing, use,
and disposal—poses a significant environmental
threat. Synthetic foams have been shown to shed
microplastics, contributing to environmental pollu-
tion and presenting potential risks to human health
(Muralikrishnan 2018).

Despite increasing efforts to mitigate MF pollu-
tion through filtration technologies and textile design
modifications, there remains a significant gap in
research exploring the direct upcycling of micro-
scale fibrous waste into functional materials. While
previous studies have demonstrated the potential
of macro-scale textile waste for thermal and acous-
tic insulation, the use of microplastics—particularly
MFs—as the primary raw material in polymeric com-
posites remains largely unexplored. Most existing
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research on microplastic reuse has focused on their
incorporation into cementitious composites, with
limited studies addressing their acoustic properties
or sustainability benefits in polymer-based applica-
tions. This study aims to bridge this gap by repur-
posing waste MFs from textile wastewater into innov-
ative acoustic panels. By systematically investigating
the effects of MF composition, thickness, density, and
binder ratio on sound absorption performance, this
research not only introduces a novel recycling method
for textile MFs but also establishes their potential as
a viable, eco-friendly alternative to conventional syn-
thetic materials.

2. Materials & methods

2.1. Materials

The MFs examined in this study were collected from
the wastewater generated during the fabric raising
process carried out with a Biancalani machine at
Kadifeteks Textile Company. The fibers removed from
the fabric surface during the raising process are
released into the wastewater stream via water. All
wastewater resulting from wet processes in the facil-
ity is collected in tanks as inflow wastewater and
then directed to a pre-treatment stage before out-
flow wastewater. In this study, the wastewater used
for MF supply was taken from tanks located at the
exit of the raising process but before entering the
inflow wastewater. This wastewater contains a vari-
ety of fibers such as wool, cotton, acrylic, polyam-
ide, polyester, polypropylene, and viscose. 30 1 of
wastewater were collected, and sterilization proced-
ures were applied to prevent any potential contam-
ination, including the use of ethanol and distilled
water to clean all collection equipment and containers
before refrigeration.

In addition to waste MFs, bicomponent,
core/shell design, polyester fibers (Co-PET/PET)
(supplied from Zhejiang Anshun Pettechs Fibre Co.)
with a 4-denier fineness and a low melting temperat-
ure (110 °C shell/240 °C core) were used as binders in
the production of composites. These polyester fibers
were cut into 1-3 mm lengths to facilitate their blend-
ing with the waste MFs. Polyester fiber (Co-PET/PET)
was selected as the binder due to its low melting
temperature, allowing efficient bonding under mod-
erate thermal conditions without excessive thermal
degradation. The diverse waste composition neces-
sitates a binder that can integrate effectively across
different fiber types while ensuring structural integ-
rity. This makes the polyester binder preferable to
biobased alternatives. Similarly, water resistance and
durability which stands out as a limitation for bio-
based adhesives, are provided by the hydrophobic
structure of polyester fiber.

Hydrogen peroxide (H,O,, Sigma-Aldrich) and
distilled water were used in the pretreatment process
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Table 1. Sample codes and compositions. The bold values indicate the parameters varied in each group to analyze the effect of thickness,
binder ratio, and targeted density, respectively, while keeping other parameters constant.

Sample code

Thickness (mm)

Binder ratio (%) Targeted density (g cm ™)

Thickness effect P5_20_0.075% 5 20 0.075
P10_20_0.075 10 20 0.075
P15_20_0.075 15 20 0.075
Binder ratio effect P5_20_0.075% 5 20 0.075
P5_30_0.075 5 30 0.075
P5_40_0.075 5 40 0.075
Density effect P5_20_0.075% 5 20 0.075
P5_20_0.150 5 20 0.150
P5_20_0.200 5 20 0.200

2 Represents the same sample used for the comparison of all effects.

of separating MFs from wastewater, and ECE deter-
gent (SDL Atlas) was used in the washing process of
MFs.

2.2. Methods

2.2.1. Wastewater pretreatment and MF filtration
Initially, 30 1 of wastewater were filtered using a
0.7 pm pore-size glass fiber filter (Whatman, 47 mm
diameter) to obtain MFs. Filtration of the wastewa-
ter from the Biancalani stage was carried out on-
site. A total of 5.05 g of MFs were filtered from the
wastewater source and stored in a plastic container.
Following the filtration stage, the waste MFs were re-
introduced to distilled water and subjected to a 5 d
pretreatment with 15% H,0, at room temperature.
This mild oxidative treatment was applied to remove
residual organic contaminants rather than degrade or
alter the fiber structure. As demonstrated in previous
study (Akyildiz et al 2023), this low-concentration
H,0,; pretreatment does not impact MF integrity or
lead to mass loss, ensuring that all collected fibers
remained intact. The process effectively eliminated
organic matters while preserving fiber morphology,
making them suitable for composite panel fabrica-
tion. In order to prepare these waste MFs for use in the
manufacturing of panels, they were thereafter extens-
ively washed with ECE detergent and rinsed.

2.2.2. Composite panel production

The design parameters of the composite panels were
determined as panel thickness, panel density and the
binder ratio. A total of seven different samples were
produced, the compositions of which are given in
table 1 as follows:

e In the first sample group, only the thickness
was altered to test the impact of panel thickness
while keeping the binder ratio (20%) and density
(0.075 g cm~3) constant.

e In the second sample group, the density
(0.075 g cm™?) and thickness (5 mm) were held
constant while the impact of the altered binder
ratio on the final characteristics was investigated.

4

e In the final sample group, the weight of raw mater-
ial was increased with a fixed thickness (5 mm) and
binder ratio (20%), and the effect of panel density
was examined.

The sample with 5 mm thickness, 20% binder ratio,
and 0.075 g cm ™ density is common for all three
categories and was produced once but has been
repeatedly intentionally included in table 1 for clar-
ity regarding the comparability of samples.

Before starting production with the hot press,
binder fiber was added to the waste MFs at the ratios
specified in table 1. In order to distribute the binder
fibers homogeneously among the MFs, both the MFs
and the binder fibers were mixed again in distilled
water and then obtained by filtering. The dried fiber
blends were processed under a hot press at 120 °C
for 10 min. To ensure reproducibility and consistency
in composite panel properties, environmental condi-
tions were controlled during production. The labor-
atory temperature was maintained at 20 & 2 °C, with
a relative humidity of 65% =+ 4%. All raw materials
were pre-conditioned for 24 h before processing to
minimize moisture-related variations in fiber bond-
ing. Additionally, the temperature and pressure of the
hot press machine were continuously monitored to
ensure uniform polymerization of the binder fibers.
These measures were implemented to reduce poten-
tial variability caused by uncontrolled environmental
factors, which could impact the density, porosity, and
acoustic performance of the final composites. In pro-
duction, a casting mold with sections that allow the
desired thickness to be obtained and Teflon paper that
prevents sticking were used. Three samples were pro-
duced for each sample group to replicate the analysis
and ensure consistency in results. Composite samples’
production steps are given in figure 1.

2.2.3. Analysis of MFs and composite panels

2.2.3.1. Chemical analysis

The chemical structures of the fibers were thoroughly
examined utilizing Perkin Elmer Spectrum 65 Fourier
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S

Figure 1. Production of composites samples: (a) mixing pre-determined amounts of microfiber waste and binding fiber in water;
(b) performing separate filtrations for each sample to obtain surfaces; (c) hot press; (d) hot pressing process to manufacture
composite panels with varying thicknesses; (e) produced composite samples.

transform infrared (FTIR) spectroscopy, operating
within the spectral range of 700-4000 cm !,

2.2.3.2. Microscopic analysis

MFs were observed by Olympus SZ51 optical micro-
scope and the length of MFs were measured from
these microscopic images using Image J Program.

2.2.3.3. Physical analysis

A precision balance (0.001 g) was used to measure the
weights of the samples, and a caliper was employed
to determine their thicknesses. Experimental densit-
ies were calculated based on these data and were given
along with the mean and standard deviation of all
three samples.

2.2.3.4. Acoustic analysis

Measurement of SACs was carried out with an imped-
ance tube (Briiel & Kjaer) with two microphones cov-
ering the frequency spectrum from 500 Hz to 6.4 kHz,
in accordance with the ISO 10534-2 standard. For
this, three different samples from each sample group
were cut and tested with a diameter of 29 mm and the
results were given as the average value.

2.2.3.5. Water contact angle analysis

To determine the hydrophobicity of the samples, a
contact angle measurement system (KSV-CAM 101)
based on the fixed drop measurement principle was
used and the test was carried out from both sides
based on ASTM D7334-08 (2023) standard. Three
samples from each sample group were tested and the
results were given as average values with standard
deviations.

2.2.3.6. Statistical analysis

The statistical analysis of the experimental data
was performed to determine significant differences
between groups. A one-way analysis of variance
(ANOVA) was conducted to assess whether there were
statistically significant differences in the mean values
among different sample groups. If the ANOVA test
indicated significant differences (p < 0.05), Tukey’s
honestly significant difference (HSD) test was applied

as a post-hoc analysis to identify which specific
groups differed from each other.

Additionally, boxplots were used to visually rep-
resent the distribution, median, and variability of the
data for each sample group. The boxplots provided
insights into potential outliers and the spread of the
data, aiding in a comprehensive evaluation of the res-
ults. All statistical analyses and visualizations were
performed using MATLAB (MathWorks, USA).

3. Results and discussion

3.1. Chemical analysis

Figure 2 shows the raw materials detected as a res-
ult of FTIR analysis on MFs through their spec-
tra. According to the results, the MFs found in the
wastewater obtained from the outlet of the Biancalani
machine are as follows: acrylic, polyester, polypropyl-
ene, wool, cotton, viscose, and polyamide. The char-
acteristic peaks proving the existence of these fibers
are supported by the literature. Distinctive acrylic
peaks include C-H stretching at 2924-2853 cm™!,
CN stretching at 2242 cm™!, CO stretching at
1734 cm™!, and C-C stretch in-ring at 1452 cm™!
(Abdouss et al 2012). For cotton, peaks manifest
as O-H stretching at 3300 cm™!, C-H stretching
at 2896 cm™!, C=0 stretching at 1730 cm™!, C-
H bending at 1428 cm™!, and C-C, C-O, and C-
O-C stretching at 1060 cm™! (Portella et al 2016).
In polyamide, key peaks involve N-H stretching at
3293 cm™~!, C-H stretching at 2932-2857 cm ™!, CO
stretching at 1631 cm™!, C-H stretching at 1536
1460 cm~!, and C-N stretching at 1373 cm™! (El-
Newehy et al 2011). Polyester is marked by C-
H stretching at 2968-2908 cm™!, CO stretching at
1710 cm™!, an aromatic ring at 1504-1405 cm™!,
carboxylic acid (C-O) at 1242 cm™!, ester (OC-O—
C) at 1092 cm ™!, and aromatic (C-H) at 719 cm™!
(Bhattacharya et al 2014). In polypropylene, char-
acteristic peaks encompass C-H stretching at 2950—
2918-2836 cm ™!, C-H bending at 1456-1376 cm ™!,
and C-C bending at 1167 cm ™! (Prabowo et al 2017).
Viscose exhibits O—H stretching at 3400 cm~ !, C-H
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Figure 2. FTIR spectra of detected MFs.

L
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stretching at 2900 cm™~!, N-H bending at 1655 cm ™!,
C-H wagging at 1400 cm™!, and C-O stretching at
1100 cm~! (Rehan et al 2019). Wool is character-
ized by N-H stretching at 3295 cm™!, CO stretch-
ing at 1651 cm™!, C-N stretching and N-H in-plane
bending vibrations at 1519 cm ™!, and C-N stretching
and C-O stretching vibrations at 1238-1240 cm™!
(Wang et al 2016). The detected MFs coincide with
the raw materials of the fabrics processed in the
company.

3.2. Microscopic analysis

Microscopic images of MFs collected from wastewater
are shown in figure 3. The high number of MFs accu-
mulated on top of each other and the fact that they
were tangled within themselves (figure 3(a)) caused

the fiber length of each MF not to be measured indi-
vidually. For this reason, measurements were taken
on 100 randomly selected fibers (figure 3(b)) to
obtain the fiber length distribution graph as seen in
figure 4. The results show that the length of MFs
ranges from 100 pum to 6 mm. The fiber length
distribution plays a crucial role in determining the
mechanical performance of the final panels. Shorter
fibers (below 500 pum) tend to reduce the mechan-
ical integrity of the panel due to limited fiber entan-
glement and weaker interlocking. Conversely, longer
fibers (above 3 mm) contribute to enhanced mechan-
ical stability by improving fiber-matrix bonding and
reinforcing structural cohesion. However, an excess of
longer fibers may lead to localized clustering, which
could result in uneven fiber dispersion, affecting uni-
formity in mechanical strength (Kusno et al 2023).
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Figure 3. Microscopic images of (a). Accumulated MFs (b). Individual fibers (scale bars indicate 1 mm).
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Figure 4. Length distribution of MFs.

Table 2. Experimental densities of composite panels.

Sample code Experimental density (g cm™>)

P5_20_0.075 0.0746 £+ 0.020
P10_20_0.075 0.0729 +0.013
P15_20_0.075 0.0700 + 0.015
P5_20_0.075 0.0746 + 0.020
P5_30_0.075 0.0798 £ 0.011
P5_40_0.075 0.0821 £ 0.010
P5_20_0.075 0.0746 £+ 0.020
P5_20_0.150 0.1454 £+ 0.023
P5_20_0.200 0.1988 + 0.026

The observed fiber length distribution in this study
provided a balanced structure, ensuring sufficient
fiber interlocking without excessive clustering, con-
tributing to both enhanced durability and optimized
sound absorption performance.

3.3. Physical analysis

Table 2 presents the experimental densities of the
samples. In samples with a constant amount of MFs,
decreasing thickness led to an increase in density,
aligning with theoretical expectations. For samples
where the effect of thickness was examined, although

a theoretical density of 0.075 g cm > was aimed, the

actual densities decreased with increasing thickness
due to an uneven fiber distribution. This discrep-
ancy suggests potential fiber alignment inconsisten-
cies during the hot press process, leading to local-
ized variations in material compaction. Additionally,
minor fiber loss during sample preparation may
have contributed to deviations in measured densit-
ies. Similarly, in samples with varying binder fiber
content, an increase in binder fiber led to a rise in
experimental density, which is consistent with the
higher density of polyester fibers compared to the MF
blend. For the samples produced at target densities of
0.075 g cm 3, 0.150 g cm—, and 0.200 g cm >, the
experimental results generally matched the planned
densities.

3.4. Acoustic analysis and statistical analysis of
sound absorption performance

The sound absorption performance of the upcycled
MF-based panels was analyzed in relation to
their structural properties, including thickness,
density, and binder ratio. Figure 5 presents
the absorption coefficient comparisons across
different samples. The findings confirm that
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the designed composites exhibit porous mater-
ial characteristics, contributing to improved
sound absorption efficiency at higher frequencies
(Chen et al 2023).

The effects of density, thickness, and binder
ratio were evaluated using one-way ANOVA and
Tukey’s HSD test, and the results are visualized using
boxplots (figure 6). The ANOVA results showed
that all three factors had a statistically significant
effect (p < 0.05) on the absorption coefficient. (p-
values: density = 9.593 94 x 107!, thickness = 0,
binder ratio = 2.044 23 x 107%). The boxplots in
figure 6 highlights the variability and distribution
of absorption coefficients across different sample
groups. Post-hoc Tukey’s HSD test was conducted

to identify significant pairwise differences among the
groups (table 3).

Density had a strong impact on absorption,
particularly in the mid-to-high frequency range.
As shown in figure 5(a), higher-density samples
(P5_20_0.150 and P5_20_0.200) demonstrated sig-
nificantly improved absorption, with P5_20_0.200
exhibiting nearly twice the absorption coefficient
of the lowest-density sample (P5_20_0.075) around
1500 Hz. This aligns with findings by Sakthivel et al
(2020), the thermal and sound insulation proper-
ties of recycled cotton/polyester chemically bonded
nonwovens and found that increasing sample density
increased the SAC. It was declared that as density
increased, so did the number of fibers per unit area,
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Figure 6. Statistical analysis of absorption performance: boxplots for density, thickness, and binder ratio.
Table 3. Tukey HSD post-hoc analysis for density, thickness, and binder ratio.
Density
Group 1 Group 2 Mean diff p-adj CI lower CI upper Significant
P5_20_0.075 P5_20_0.150 0,1578 0 0,1384 0,1773 Yes
P5_20_0.075 P5_20_0.200 0,1906 0 0,1712 0,2101 Yes
P5_20_0.150 P5_20_0.200 0,0328 2x 107 0,0134 0,0522 Yes
Thickness
Group 1 Group 2 Mean diff p-adj CI lower CI upper Significant
P5_20_0.075 P10_20_0.075 0,2854 0 0,2649 0,3058 Yes
P5_20_0.075 P15_20_0.075 0,4072 0 0,3867 0,4277 Yes
P10_20_0.075 P15_20_0.075 0,1218 0 0,1014 0,1423 Yes
Binder fiber ratio
Group 1 Group 2 Mean diff p-adj CI lower CI upper Significant
P5_20_0.075 P5_30_0.075 —0,027 0 —0,0417 —0,0124 Yes
P5_20_0.075 P5_40_0.075 —0,0357 0 —0,0503 —0,021 Yes
P5_30_0.075 P5_40_0.075 —0,0086 0,351 —0,0233 0,006 No

resulting in higher sound absorption values in the
middle and higher frequency ranges (Sakthivel et al
2020). Tukey’s HSD test confirmed that P5_20_0.075
was significantly different from P5_20_0.150 and
P5_20_0.200, while the latter two exhibited similar
absorption performance (table 3).

Thickness emerged as the most dominant
factor, with thicker samples, such as P15_20_0.075,
achieving significantly higher absorption val-
ues across all frequencies. The absorption coef-
ficient for this sample was 3-5 times greater
than that of P5_20_0.075 and exceeded 0.9 above

3000 Hz (figure 5(b)). In a study by Bhingare and
Subramaniam (2023), the effects of thickness, dens-
ity, air gap and fiber percentage parameters on the
SACs of coconut fiber reinforced composite materials
were examined using the Taguchi technique. While
the analyzes showed that thickness and density were
the most important parameters among these para-
meters, it was observed that the SAC increased with
increasing thickness. It is stated that this situation is a
result of the increase in the distance that sound waves
travel, resulting in more friction and loss of sound
energy (Bhingare and Subramaniam 2023). Tukey’s
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HSD results showed significant differences among
all thickness groups, reinforcing that thicker samples
consistently outperform thinner ones (table 3).

The binder ratio had a less pronounced effect on
absorption. While all three samples exhibited a linear
increase in the absorption coefficient at higher fre-
quencies, P5_20_0.075, which had the lowest poly-
ester binder fiber ratio, showed the highest absorp-
tion. Tukey’s HSD test confirmed that P5_20_0.075
was significantly different from P5_30_0.075 and
P5_40_0.075, though the difference between the lat-
ter two was minimal (table 3).

Overall, thickness emerged as the most influen-
tial factor, followed by density, in determining sound
absorption performance.

3.5. Water contact angle analysis

Table 4 presents droplet images and water contact
angle measurements, confirming that all samples
exhibit hydrophobic properties with contact angles
exceeding 90° (Jeong and Kim 2023). Hydrophobicity
improves with greater thickness, density, and binder
ratio. A thicker layer enhances water repellency by
creating a more structured and compact surface
(Mutfti et al 2017). Higher density compresses fibers,
reducing voids and lowering wettability. Additionally,
an increased binder ratio enhances fiber bonding, as
the hydrophobic polyester binder minimizes surface
water absorption (Sfameni et al 2023).

The hydrophobicity of developed panels is
primarily influenced by fiber surface properties,
polymer composition, and structural morphology.
Polyester fibers, known for their low surface energy,
play a critical role in water repellency by prevent-
ing liquid penetration (Ji et al 2008, Prorokova et al
2010). Additionally, fiber distribution, surface rough-
ness, and compaction levels significantly affect water
contact angles. A higher binder ratio strengthens
fiber bonding, reducing surface voids and creating
a denser, less wettable structure. Similarly, increased
panel density results in a more compact fiber network
with fewer capillary pathways, further limiting mois-
ture infiltration (Scarselli et al 2015, Manaila et al
2020, Odokonyero et al 2021).

Through changing the way sound waves inter-
act with or pass through a material; hydrophobic
materials may affect the acoustic characteristics of
a system. For instance, the addition of hydro-
phobic chemicals to sound-absorbing materials may
improve their performance by lowering the quantity
of water that enters the material, therefore impair-
ing its capacity for sound absorption (Cao et al 2019).
Especially in demanding environmental conditions,
the mechanical endurance of these hydrophobic sur-
faces is especially crucial as it guarantees that the
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Table 4. Contact angle measurement of samples.

Average contact

Sample name angle £ SD (°)  Droplet images

P5_20_0.075 103.0 + 1.41 ‘
P10_20_0.075 110.5 +0.71 n |
P15_20_0.075 114.5 +0.71 ‘
P5_20_0.075 103.0 & 1.41 ‘
P5_30_0.075 117.0 + 1.41 ' |
P5_40_0.075 120.0 4 0.00 A
P5_20_0.075 103.0 & 1.41 ‘
P5_20_0.150 108.5 & 0.71 : |
P5_20_0.200 111.5 £ 0.71 .

materials preserve their sound absorption character-
istics over time (Elliott et al 2015).

4. Conclusion

Each year, thousand tons of MFs are released from
textiles into the environment, posing a significant
risk to both human health and ecosystems. Detecting
these MFs, as well as preventing their spread and
ensuring their removal, is crucial; however, research
in this area remains alarmingly scarce. This study
examines the reuse of waste MFs released during
a textile finishing process in composite panels for
sound absorption purposes. In this context, compos-
ite materials were produced using waste MFs contain-
ing cotton, wool, viscose, acrylic, polyester, polypro-
pylene, and polyamide with a length range of 100 pm
to 6 mm and low melting temperature bicomponent
polyester fiber, and the effect of changing paramet-
ers on the SAC and hydrophilicity of the material has
been examined. The obtained results showed that,
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e Among all, the sample coded as P15_20_0.075 has
the highest SAC (0.90 at 3000 Hz) due to its highest
thickness and it is followed by sample P5_20_0.200
which has the highest density (0.55 at 3000 Hz).

e In contrast to panel thickness and density effect
on sound absorption, binder fiber ratio negatively
affects the sound absorption properties resulting in
the least binder ratio (20%) have the highest SACs
(0.30 at 3000 Hz).

o All samples showed hydrophobic properties, with a
water contact angle range of 103°-120° providing
resistance to surface wetting.

This study introduces a novel approach to repur-
posing textile waste MFs for acoustic applications,
contributing to sustainable waste management in
the textile industry. By developing composite mater-
ials that address both microplastic pollution and
sound absorption, it bridges the gap between envir-
onmental concerns and innovative material solutions.
The proposed upcycled MF-based panels offer a more
sustainable alternative by reducing reliance on vir-
gin synthetic materials. However, further research is
needed to assess their long-term stability, durability,
and microplastic release potential compared to con-
ventional materials.

While this study provides valuable insights into
the development and acoustic performance of these
panels, certain limitations must be acknowledged.
A key constraint is the lack of long-term exper-
imental data on the release of micro/nanoplastics
or chemical substances under real-world conditions.
Factors such as humidity, temperature fluctuations,
UV exposure, and mechanical wear could affect
material degradation, yet these were not systematic-
ally examined. Additionally, while the panels exhibit
promising sound absorption properties, their durab-
ility and stability over time remain uncertain. The
environmental impact of their production, use, and
disposal also requires further evaluation, particu-
larly in comparison to conventional synthetic sound-
absorbing materials.

Future research should focus on accelerated aging
tests, fiber emission studies, and leachate analysis
to comprehensively assess material sustainability and
minimize environmental impact. Given their light-
weight structure and acoustic performance, these
panels offer a cost-effective and sustainable alternat-
ive to conventional materials. Their production can
be scaled up using industrial filtration and hot press
techniques, making them viable for applications in
architectural acoustics, automotive, and sustainable
building industries. Addressing these limitations will
be essential in validating upcycled MF-based panels
as a viable, eco-friendly alternative for soundproofing
and noise reduction.

11

S H Akyildiz et al

Data availability statement

All data that support the findings of this study are
included within the article (and any supplementary
files).

Conflict of interest

The authors declare that they have no known compet-
ing financial interests or personal relationships that
could have appeared to influence the work reported
in this paper.

ORCID iDs

Sinem Hazal Akyildiz
0002-8346-5895
Hande Sezgin
2175

Mustafa Sabri Ozen
2921-3638

Ipek Yalcin Enis
7215-3546

https://orcid.org/0000-
https://orcid.org/0000-0002-2671-
https://orcid.org/0000-0002-

https://orcid.org/0000-0002-

References

Abdouss M, Shoushtari M, Haji A and Moshref B 2012
Fabrication of chelating diethylenetriaminated pan micro
and nano fibers for heavy metal removal Chem. Ind. Chem.
Eng. Q. 18 27-34

Ailenei E C, Ionesi S D, Dulgheriu I, Loghin M C, Isopescu D N,
Maxineasa S G and Baciu I-R 2021 New waste-based
composite material for construction applications Materials
14 6079

Akyildiz S H, Sezgin H, Yalcin B and Yalcin-Enis I 2023
Optimization of the textile wastewater pretreatment process
in terms of organics removal and microplastic detection J.
Cleaner Prod. 384 135637

Aldalbahi A, El-Naggar M E, El-Newehy M H, Rahaman M,
Hatshan M R and Khattab T A 2021 Effects of technical
textiles and synthetic nanofibers on environmental
pollution Polymers 1 155

Antolinc D and Filipi¢ K E 2021 Recycling of nonwoven
polyethylene terephthalate textile into thermal and acoustic
insulation for more sustainable buildings Polymers 18 3090

Astrauskas T, JanuSevic¢ius T and Grubliauskas R 2021 Acoustic
panels made of paper sludge and clay composites
Sustainability 13 637

Baccouch W, Ghith A, Yalcin-Enis I, Sezgin H, Miled W,

Legrand X and Faten F 2020 Investigation of the mechanical,
thermal, and acoustical behaviors of cotton, polyester, and
cotton/polyester nonwoven wastes reinforced epoxy
composites J. Ind. Text. 51 876-99

Berruezo M, Bonet-Aracil M, Bou-Belda E and Diaz-Garcia P
2020 Preliminary study of weave pattern influence on
microplastics from fabric laundering Text. Res. J.

9-10 1037-45

Bhattacharya S, Rajan V and Huddar V 2014 A novel classification
method for predicting acute hypotensive episodes in critical
care Proc. 5th ACM Conf. on Bioinformatics, Computational
Biology, and Health Informatics (https://doi.org/
10.1145/2649387.2649400)

Bhingare N H and Subramaniam P 2023 Optimization of sound
absorbing material by using Taguchi and ANOVA Noise Vib.
Worldwide 4-5 162—71


https://orcid.org/0000-0002-8346-5895
https://orcid.org/0000-0002-8346-5895
https://orcid.org/0000-0002-8346-5895
https://orcid.org/0000-0002-2671-2175
https://orcid.org/0000-0002-2671-2175
https://orcid.org/0000-0002-2671-2175
https://orcid.org/0000-0002-2921-3638
https://orcid.org/0000-0002-2921-3638
https://orcid.org/0000-0002-2921-3638
https://orcid.org/0000-0002-7215-3546
https://orcid.org/0000-0002-7215-3546
https://orcid.org/0000-0002-7215-3546
https://doi.org/10.2298/ciceq110719043a
https://doi.org/10.2298/ciceq110719043a
https://doi.org/10.3390/ma14206079
https://doi.org/10.3390/ma14206079
https://doi.org/10.1016/j.jclepro.2022.135637
https://doi.org/10.1016/j.jclepro.2022.135637
https://doi.org/10.3390/polym13010155
https://doi.org/10.3390/polym13010155
https://doi.org/10.3390/polym13183090
https://doi.org/10.3390/polym13183090
https://doi.org/10.3390/su13020637
https://doi.org/10.3390/su13020637
https://doi.org/10.1177/1528083720901864
https://doi.org/10.1177/1528083720901864
https://doi.org/10.1177/0040517520965708
https://doi.org/10.1177/0040517520965708
https://doi.org/10.1145/2649387.2649400
https://doi.org/10.1145/2649387.2649400
https://doi.org/10.1177/09574565231161646
https://doi.org/10.1177/09574565231161646

10P Publishing

Environ. Res. Lett. 20 (2025) 054010

Cao H, Cobb K, Yatvitskiy M, Wolfe M and Shen H 2022 Textile
and product development from end-of-use cotton apparel: a
study to reclaim value from waste Sustainability 14 8553

Cao L, SiY, Yin X, Yu J and Ding B 2019 Ultralight and resilient
electrospun fiber sponge with a lamellar corrugated
microstructure for effective low-frequency sound
absorption ACS Appl. Mater. Interfaces 11 35333—42

Carney Almroth B M, Astrém L, Roslund S, Petersson H,
Johansson M and Persson N-K 2017 Quantifying shedding
of synthetic fibers from textiles; a source of microplastics
released into the environment Environ. Sci. Pollut. Res.
251191-9

Chen J, Yan Z, Li H, Zhang Z, Gong ] and Zhang ] 2023
Fabrication, sound absorption simulation and performance
optimization of multi-layer gradient fiber-based composites
Polym. Compos. 44 504457

Dehdashti Z, Soltani P and Taban E 2024 Utilizing discarded face
masks to fabricate sustainable high- performance panels for
enhanced building thermal and acoustic comfort J. Cleaner
Prod. 446 141304

El-Newehy M H, Al-Deyab S S, Kenawy E-R and Abdel-Megeed A
2011 Nanospider technology for the production of nylon-6
nanofibers for biomedical applications J. Nanomater.

2011 1-8

Ellen MacArthur Foundation 2017 A new textiles economy:
redesigning fashion’s future (available at: www.
ellenmacarthurfoundation.org/publications)

Elliott P, Stagon S, Huang H, Furrer D, Burlatsky S F and
Filburn T 2015 Combined hydrophobicity and mechanical
durability through surface nanoengineering Sci. Rep.
59260

Gedif B and Atalie D 2022 Recycling of 100% cotton fabric waste
to produce unsaturated polyester- based composite for false
ceiling board application Int. J. Polym. Sci. 2022 1-9

Harper R and Moody S C 2023 Filamentous fungi are potential
bioremediation agents of semi-synthetic textile waste J.
Fungi 9 661

Islam S, Messiry M E, Sikdar P P, Seylar ] and Bhat G 2020
Microstructure and performance characteristics of acoustic
insulation materials from post-consumer recycled denim
fabrics J. Ind. Text. 4 60015-27S

Ismail A S, Jawaid M and Naveen ] 2019 Void content, tensile,
vibration and acoustic properties of kenaf/bamboo fiber
reinforced epoxy hybrid composites Materials 12 2094

Janlee T and Srisiriwat N 2024 Flame retardant sound absorbing
panel made from bamboo charcoal and natural kaolin clay
Int. J. Nanoelectron. Mater. 17 6675

Jayamani E, Hamdan S, Rahman M R, Bakri M K B and Kakar A
2015 An investigation of sound absorption coefficient on
sisal fiber poly lactic acid bio-composites J. Appl. Polym. Sci.
132 42470

Jeong S and Kim H-W 2023 In situ real-time monitoring
technologies for fouling detection in membrane processes
Current Developments in Biotechnology and Bioengineering
(Elsevier) pp 43—64

JiYY, Chang H K, Hong Y C and Lee S H 2008 Formation of
hydrophobic and water-repellent surface on polyester fibers
using Ar/hexamethyldisiloxane plasma at atmosperic
pressure Jpn. J. Appl. Phys. 47 4687

Juanga-Labayen J P, Labayen I V and Yuan Q 2022 A review on
textile recycling practices and challenges Textiles 2 17488

Juciene M, Dobilaité V, Albrektas D and Bliadzius R 2022
Investigation and evaluation of the performance of interior
finishing panels made from denim textile waste Text. Res. J.
23-24 4666-77

Kamble Z and Behera B K 2021 Sustainable hybrid composites
reinforced with textile waste for construction and building
applications Constr. Build. Mater. 284 122800

Karimi F, Soltani P, Zarrebini M and Hassanpour A 2022 Acoustic
and thermal performance of polypropylene nonwoven
fabrics for insulation in buildings J. Build. Eng. 50 104125

Kusno A, Mulyadi R, Hamzah B, Jamala N, Ishak T and
Kurniawan A 2023 The sound absorption characteristics of

12

S H Akyildiz et al

bamboo twigs based on surface combination patterns Mater.
Sci. Forum. 1091 135-41

LiJ, Liu Y, Gao Y, Li X and Gong Y 2023 Study on the extraction
method of microplastic system in textile wastewater
Polymers 6 1394

Lim J, Choi ] and Won A 2022 Cause of microfibers found in the
domestic washing process of clothing; focusing on the
manufacturing, wearing, and washing processes Fash. Text.
924

Luogo B D P, Salim T, Zhang W, Hartmann N B, Malpei F and
Candelario V M 2022 Reuse of water in laundry applications
with micro- and ultrafiltration ceramic membrane
Membranes 2 223

Malchiodi B, Cedillo-Gonzalez E 1, Siligardi C and Pozzi P 2022 A
practical valorization approach for mitigating textile fibrous
microplastics in the environment: collection of
textile-processing waste microfibers and direct reuse in
green thermal-insulating and mechanical-performing
composite construction materials Microplastics 3 393-405

Manaila E, Craciun G and Ighigeanu D 2020 Water absorption
kinetics in natural rubber composites reinforced with
natural fibers processed by electron beam irradiation
Polymers 12 2437

McCauley E and Jestratijevi¢ I 2023 Exploring the business case
for textile-to-textile recycling using post-consumer waste in
the us: challenges and opportunities Sustainability 15 1473

Miao X, Shi Z, Dan R, Chen Q, Xu D, Biswas T K, Wang K and
Wang K 2024 Research on the application of a pet/pp
composite board prepared by recycling waste polyester
clothing in furniture products ACS Sustain. Resour. Manage.
1890-7

Mufti N, Arista D, Diantoro M, Fuad A, Taufiq A and Sunaryono
2017 The effect of thickness of ZnO thin films on
hydrophobic self-cleaning properties IOP Conf. Ser.: Mater.
Sci. Eng. 202 012006

Muralikrishnan A 2018 Development of hybrid fibrous panel for
controlling acoustics in home theatre conference hall Int. J.
Trend Sci. Res. Dev. 2 1375-84

Odokonyero K, Gallo A and Mishra H 2021 Nature-inspired
wax-coated jute bags for reducing post-harvest storage
losses Sci. Rep. 11 15354

Ozdil N, Dalbas1 E S, Ozgiiney A T and Atiker L 2023
Multifunctional modification with TiO,, SiO,, and flame
retardant agent on upholstery fabrics produced from
recycled cotton fibers AATCC J. Res. 10 223-31

Portella E H, Romanzini D, Angrizani C C, Amico S C and
Zattera A ] 2016 Influence of stacking sequence on the
mechanical and dynamic mechanical properties of
cotton/glass fiber reinforced polyester composites Mater.
Res. 19 542-7

Prabowo I, Nur Pratama J and Chalid M 2017 The effect of
modified ijuk fibers to crystallinity of polypropylene
composite IOP Conf. Ser.: Mater. Sci. Eng. 223 012020

Prorokova N P, Kumeeva T Y, Khorev A V, Buznik V M and
HuxutuH JI H 2010 Ensuring a high degree of water
repellency of polyester textile materials by treating them
with supercritical carbon dioxide Fibre Chem. 42 109-13

Raja Balasaraswathi S and Rathinamoorthy R 2021 Effect of textile
parameters on microfiber shedding properties of textiles
Sustainable Textiles: Production, Processing, Manufacturing &
Chemistry (Springer) pp 1-25

Rehan M, Barhoum A, Khattab T A, Gitjen L and Wilken R 2019
Colored, photocatalytic, antimicrobial and UV-protected
viscose fibers decorated with Ag/Ag,CO3 and Ag/Agz POy
nanoparticles Cellulose 26 5437-53

Sakthivel S, Senthil Kumar S, Mekonnen S and Solomon E 2020
Thermal and sound insulation properties of recycled
cotton/polyester chemical bonded nonwovens J. Eng. Fibers
Fabr. 15 155892502096881

Salvador Cesa F, Turra A and Baruque-Ramos J 2017 Synthetic
fibers as microplastics in the marine environment: a review
from textile perspective with a focus on domestic washings
Sci. Total Environ. 598 111629


https://doi.org/10.3390/su14148553
https://doi.org/10.3390/su14148553
https://doi.org/10.1021/acsami.9b12444
https://doi.org/10.1021/acsami.9b12444
https://doi.org/10.1007/s11356-017-0528-7
https://doi.org/10.1007/s11356-017-0528-7
https://doi.org/10.1002/pc.27471
https://doi.org/10.1002/pc.27471
https://doi.org/10.1016/j.jclepro.2024.141304
https://doi.org/10.1016/j.jclepro.2024.141304
https://doi.org/10.1155/2011/626589
https://doi.org/10.1155/2011/626589
https://www.ellenmacarthurfoundation.org/publications
https://www.ellenmacarthurfoundation.org/publications
https://doi.org/10.1038/srep09260
https://doi.org/10.1038/srep09260
https://doi.org/10.1155/2022/2710000
https://doi.org/10.1155/2022/2710000
https://doi.org/10.3390/jof9060661
https://doi.org/10.3390/jof9060661
https://doi.org/10.1177/1528083720940746
https://doi.org/10.1177/1528083720940746
https://doi.org/10.3390/ma12132094
https://doi.org/10.3390/ma12132094
https://doi.org/10.58915/ijneam.v17i1.463
https://doi.org/10.58915/ijneam.v17i1.463
https://doi.org/10.1002/app.42470
https://doi.org/10.1002/app.42470
https://doi.org/10.1016/b978-0-443-19180-0.00008-0
https://doi.org/10.1143/jjap.47.4687
https://doi.org/10.1143/jjap.47.4687
https://doi.org/10.3390/textiles2010010
https://doi.org/10.3390/textiles2010010
https://doi.org/10.1177/00405175221109636
https://doi.org/10.1177/00405175221109636
https://doi.org/10.1016/j.conbuildmat.2021.122800
https://doi.org/10.1016/j.conbuildmat.2021.122800
https://doi.org/10.1016/j.jobe.2022.104125
https://doi.org/10.1016/j.jobe.2022.104125
https://doi.org/10.4028/p-k28894
https://doi.org/10.4028/p-k28894
https://doi.org/10.3390/polym15061394
https://doi.org/10.3390/polym15061394
https://doi.org/10.1186/s40691-022-00306-8
https://doi.org/10.1186/s40691-022-00306-8
https://doi.org/10.3390/membranes12020223
https://doi.org/10.3390/membranes12020223
https://doi.org/10.3390/microplastics1030029
https://doi.org/10.3390/microplastics1030029
https://doi.org/10.3390/polym12112437
https://doi.org/10.3390/polym12112437
https://doi.org/10.3390/su15021473
https://doi.org/10.3390/su15021473
https://doi.org/10.1021/acssusresmgt.3c00098
https://doi.org/10.1021/acssusresmgt.3c00098
https://doi.org/10.1088/1757-899x/202/1/012006
https://doi.org/10.1088/1757-899x/202/1/012006
https://doi.org/10.31142/ijtsrd18855
https://doi.org/10.31142/ijtsrd18855
https://doi.org/10.1038/s41598-021-93247-z
https://doi.org/10.1038/s41598-021-93247-z
https://doi.org/10.1177/24723444221147976
https://doi.org/10.1177/24723444221147976
https://doi.org/10.1590/1980-5373-mr-2016-0058
https://doi.org/10.1590/1980-5373-mr-2016-0058
https://doi.org/10.1088/1757-899x/223/1/012020
https://doi.org/10.1088/1757-899x/223/1/012020
https://doi.org/10.1007/s10692-010-9233-8
https://doi.org/10.1007/s10692-010-9233-8
https://doi.org/10.1007/978-981-16-0297-9_1
https://doi.org/10.1007/s10570-019-02497-8
https://doi.org/10.1007/s10570-019-02497-8
https://doi.org/10.1177/1558925020968819
https://doi.org/10.1177/1558925020968819
https://doi.org/10.1016/j.scitotenv.2017.04.172
https://doi.org/10.1016/j.scitotenv.2017.04.172

10P Publishing

Environ. Res. Lett. 20 (2025) 054010

Samardzioska T, Jovanoska M and Grujoska V 2023 Sustainable
thermal insulation derived from recycled textile waste Adv.
Environ. Eng. Res. 01 1-8

Scarselli M, Castrucci P, Nicola F D, Cacciotti I, Nanni E, Gatto E,
Crescenzi M D and De Crescenzi M 2015 Applications of
three-dimensional carbon nanotube networks Beilstein J.
Nanotechnol. 6 792-8

Senthil Kumar R and Sundaresan S 2013 Mechanical
finishing techniques for technical textiles Advances in the
Dyeing and Finishing of Technical Textiles (Woodhead
Publishing) pp 135-53

Sezgin H, Kucukali-Ozturk M, Berkalp O B and Yalcin-Enis I
2021 Design of composite insulation panels containing
100% recycled cotton fibers and polyethylene/
polypropylene packaging wastes J. Cleaner Prod.

304 127132

Sfameni S, Lawnick T, Rando G, Visco A, Textor T and
Plutino M R 2023 Super-hydrophobicity of polyester fabrics
driven by functional sustainable fluorine-free silane-based
coatings Gels 2 109

13

S H Akyildiz et al

Stefan D C, Bosomoiu M and Stefan M 2022 Methods for natural
and synthetic polymers recovery from textile waste Polymers
19 3939

Wang K, Li R, Ma ] H, Jian Y K and Che J N 2016 Extracting
keratin from wool by using L-cysteine Green Chem.
18 476-81

Wazna M E, Gounni A, Bouari A E, Alami M E and
Cherkaoui O 2018 Development, characterization and
thermal performance of insulating nonwoven fabrics
made from textile waste J. Ind. Text.
48 1167-83

Yalcin-Enis I 2023 Evaluation of recycled textile wastes with
E-glass fabric in bio-based epoxy matrix composites:
investigation of the mechanical properties J. Mater. Cycles.
Waste Manage. 25 171-80

Zhang Y-Q, Lykaki M, Markiewicz M, Alrajoula M T, Kraas C and
Stolte S 2022 Environmental contamination by
microplastics originating from textiles:
emission, transport, fate and toxicity J. Hazard. Mater.
430 128453


https://doi.org/10.21926/aeer.2301004
https://doi.org/10.21926/aeer.2301004
https://doi.org/10.3762/bjnano.6.82
https://doi.org/10.3762/bjnano.6.82
https://doi.org/10.1533/9780857097613.2.135
https://doi.org/10.1016/j.jclepro.2021.127132
https://doi.org/10.1016/j.jclepro.2021.127132
https://doi.org/10.3390/gels9020109
https://doi.org/10.3390/gels9020109
https://doi.org/10.3390/polym14193939
https://doi.org/10.3390/polym14193939
https://doi.org/10.1039/c5gc01254f
https://doi.org/10.1039/c5gc01254f
https://doi.org/10.1177/1528083718757526
https://doi.org/10.1177/1528083718757526
https://doi.org/10.1007/s10163-022-01522-6
https://doi.org/10.1007/s10163-022-01522-6
https://doi.org/10.1016/j.jhazmat.2022.128453
https://doi.org/10.1016/j.jhazmat.2022.128453

	Upcycling microfiber waste from wastewater into acoustic panels: a sustainable solution for sound absorption
	1. Introduction
	2. Materials & methods
	2.1. Materials
	2.2. Methods
	2.2.1. Wastewater pretreatment and MF filtration
	2.2.2. Composite panel production
	2.2.3. Analysis of MFs and composite panels
	2.2.3.1. Chemical analysis
	2.2.3.2. Microscopic analysis
	2.2.3.3. Physical analysis
	2.2.3.4. Acoustic analysis
	2.2.3.5. Water contact angle analysis
	2.2.3.6. Statistical analysis



	3. Results and discussion
	3.1. Chemical analysis
	3.2. Microscopic analysis
	3.3. Physical analysis
	3.4. Acoustic analysis and statistical analysis of sound absorption performance
	3.5. Water contact angle analysis

	4. Conclusion
	References


