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Abstract. Noise pollution is becoming more prevalent, and it is currently the world's third
most serious pollution problem. In recent years, nanofibers have achieved great interest in
acoustics applications for noise control. Electrospun nonwovens can enhance acoustic
insulation goods by enhancing the sound absorption coefficient, reducing material thickness,
and diminishing material weight, giving them a strategic advantage. Polylactic acid (PLA)
polymer has sparked a lot of attention as a potential textile material for a sustainable future. In
this study, nonwoven mats of PLA were prepared by electrospinning with various amounts of
deposition time (30, 60, and 120 min). The electrospun layers was coated on the PP nonwoven
and used samples with different thicknesses of textile materials. The measurements of the
absorption coefficient have been performed with the impedance tube in the frequency range of
500 Hz-6400 Hz. The test results were compared with measurements carried out on PP
nonwoven without the layer of nanofibers. Electrospun samples that are quite thin were found
to be particularly effective at high frequencies. This study demonstrated that the sound
absorption property of a textile material that does not have sound-absorbing properties could be
improved simply by coating with electrospinning using PLA polymer.

Keywords: sound absorption coefficient, polylactic acid, electrospinning, coating, noise
pollution.

1. Introduction

Noise, or unwanted sound, is one of the most common environmental pollutants and is a growing
problem across the world. In 2020, the European Environment Agency (EEA) report estimated that
100 million people in Europe were influenced by noise pollution and pointed out a significant impact
on human health. [1, 2]. Consequently, both industry and academia are interested in noise-absorbing
materials as a way to reduce the harmful effects of noise. This necessitates the design of novel
materials. Electrospun nanofiber materials are one of the most promising and alternative materials,
with several benefits such as high porosity, small pore size, and high surface area [3, 4].

Electrospun nonwovens have been examined for the preparation of highly useful sound absorbers
due to their ease of manufacture, numerous material selection, and adjustable method. Electrospinning
is a fascinating method for technological applications because of its strong control over fiber structure,
flexibility, cost-effectiveness, easy modifiability, and scalability [3-5]. The advantages of electrospun
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nanofibrous mats as sound-absorbing have been indicated in studies focused on polymers such as
polyvinyl alcohol (PVA) [6-12], polyvinyl alcohol/polyethylene oxide (PVA/PEO) [8, 11],
polyvinylpyrrolidone (PVP) [13-14], polyamide (PA) [15-17], polyacrylonitrile (PAN) [18-20],
polyurethane (PU) [21-26], polyvinylidene fluoride (PVDF) [27-29], polystyrene (PS) [30], polyester
[31], silicon dioxide (glass wool) [32] were studied.

The manufacture of ecologically friendly textiles is critical for both the environment and the
economy. PLA is one of the most often used aliphatic polyesters in green textiles applications because
of its compostability, renewability, biocompatibility, market availability, outstanding tensile strength,
and stiffness comparable to certain commercial oil-based polymers [33, 34].

Despite all the advantages highlighted above, the sound absorption property of PLA polymer has
not been investigated. The sound absorption ability of PLA electrospun nonwovens coated on a sheet
of polypropylene (PP) nonwoven was examined in this work.

2. Experimental study

2.1. Materials

PLA (Ingeo 6201D) beads were purchased from NatureWorks LLC (Minnesota, USA). Acetone is
supplied by Eurochem Sp. z 0.0 (Katowice, Poland). Dichloromethane is provided by POCH Basic
(Gliwice, Poland).

2.2. Preparation of Electrospun Mats

PLA solution for electrospinning was prepared by dissolving 10% (w/v) PLA in mixed solvents
dichloromethane/acetone (1:1, v/v) over a magnetic stirrer. Electrospinning was done at an applied
voltage of 23 kV, a distance from the needle tip to the target of 25 cm, and a flow rate of 10 mL h™'.
The electrospun web was collected on a drum collector (circumference = 1 m) wrapped in a nonwoven
fabric at 35 rpm (Figurel.). The process was performed for 30, 60, and 120 min to obtain samples with
different thicknesses.
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Figure 1. Scheme of electrospinning device.

2.3. Measurements

Scanning electron microscopy (SEM) was conducted using a Nova™ NanoSEM 230 microscope (FEI
Company, USA). The thickness of electrospun nonwoven was measured using a Checkline J-40-V
(Electromatic Equipment Co. NY, USA). Sound absorption coefficients of the samples were measured
with an impedance tube device (Briiel&Kjaer). Measurements in the range of 500 Hz to 6400 Hz were
carried out from the samples.

3. Results and Discussion
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3.1. Morphology of electrospun mats

The morphology of PLA electrospun nonwoven textiles were evaluated using SEM, as illustrated in
Figure 2. The average diameters of electrospun fibers were 1.16 £ 0.63 pm. Table 1. shows the
thickness of PLA electrospun coated and uncoated (reference) nonwoven fabrics.

Figure 28 imae of electrospun fibers.
Table 1. Thickness of the electrospun mats (mean + standard deviation).

Electrospun nonwoven Thickness (mm)

Uncoated sample 1.01 +0.03
1 face-30 min coated sample 1.04 +£0.02
1 face-60 min coated sample 1.05 +0.01
1 face-120 min coated sample 1.06 +£0.07
2 face-30 min coated sample 0.97 £0.02
2 face-60 min coated sample 1.04 +£0.06
2 face-120 min coated sample 1.22 +£0.04

3.2, Sound absorption coefficient of PLA electrospun mats

The average sound absorption coefficient was larger than 0.2, referred to as sound-absorbing material
[11]. Figure 3 shows the sound absorption coefficient curves calculated for the samples produced in
uncoated, 1-sided coated-30-60-120 min, and 2-sided coated-30-60-120 min. The sound absorption
coefficient of the uncoated PP nonwoven (reference) was the lowest and had a value of about 0.1 at
the low and mid-frequencies, at high frequencies, it increases to 0.16 at 6300 Hz. The highest sound
absorption coefficient of the 1-sided coated-30 min and 2-sided coated-30 min has the value of about
0.18 and 0.20 at high frequencies. The highest sound absorption coefficient of the 1-sided coated-60
min and 2-sided coated-60 min has the value of about 0.19 and 0.22 at high frequencies. The
production time of electrospinning was 60 min, it was observed that the samples exhibited low sound
absorption characteristics, especially in the range of 4000-6400 Hz. The highest sound absorption
coefficient was measured as 0.27 and 0.43 for the samples produced in 1-sided coated-120 min and 2-
sided coated-120 min. In the measurements made from the samples obtained by increasing the
production time to 120 min, a significant improvement is observed in the 3500-6400 Hz range. It is to
be expected that the sound absorption coefficient values weight increases as production time increases.
Because the thickness increases the sound wave propagation path, more sound energy is provided,
which is converted into heat [35].
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Figure 3. Comparison of the sound absorption coefficients of uncoated, 1-sided coated and 2-sided
coated samples with different deposition time (a) 30 min, (b) 60 min and (c) 120 min.

4. Conclusion

The study presents an evaluation of electrospinning coating time the sound absorption coefficient of
bio-based and biodegradable PLA nonwoven mats. The PLA fibers produced were smooth and bead-
free with ultrafine. To investigate the effect of the production time of electrospinning on the PP
nonwoven, production times (30 min, 60 min, and 120 min) of the coating were applied. The
absorption coefficient of 2-sided120 min coated sample reaches absorption coefficient values of 0.2
and 0.4 in frequency ranges of 3500 and 6400 Hz. Electrospinning coating with PLA polymer is
thought to be an environmentally friendly and cost-effective method of adding new properties to
materials that do not have sound absorbing properties.
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It is revealed that the PLA electrospun mat has an impact on the sound absorption performance. These
eco-friendly materials can be used as a hushed automobile door, hatch, wheel arches, headliner, and
trunk.
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