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ABSTRACT

Introduction: Disturbing noise can cause physical and mental illnesses among workers; for this reason,
it is necessary to restrain it, especially in workplaces. Using sound-absorbing materials with suitable
acoustic properties has been a growing trend in mitigating noise. This study aimed to improve the acoustic
properties of polyurethane foam (PUF) as a sound absorber.

Material and Methods: In the present study, PUF was synthesized with different percentages of clay
nanoparticles (0-1.2 wt.%), and then the Sound Absorption Coefficient (SAC) of the synthesized PUF was
measured by the acoustic impedance tube in the frequency range of 63 to 6400 Hz according to the
ISIRI 9803 standard. The morphology of the foam was also investigated by Scanning Electron Microscope
(SEM).

Results: The results showed that the addition of clay nanoparticles to PUF improved the sound absorption
behavior of the samples, and the best sound absorption behavior was for PUF with 1.2% weight of
nanoparticles at low frequencies (500-2600 Hz). This increase in the absorption coefficient can be due to
the increase in the number and smaller size of the pores with the increase in the amount of nanoparticles
in PUF.

Conclusion: This study illustrates that the incorporation of clay nanoparticles into PUF at varying
percentages results in an enhanced absorption coefficient. The presence of clay nanoparticles leads to
a reduction in cell size and an increase in the number of pores, consequently enhancing surface friction.
The absorption coefficient was observed to increase with the growing concentration of clay nanoparticles
in PUF.
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INTRODUCTION methods is the use of sound-absorbing materials.
Noise pollution is one of the three types of Porous materials are the main sound absorbers,

pollution in today’s society. therefore, many
scientists are trying to control this type of pollution.
One of the different types of noise pollution control
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which can be divided into three categories based
on their structure: granular, fibrous, and cellular.
Among the cellular sound-absorbing materials,
polyurethane foams (PUFs) have received more
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attention due to having a wide range of properties
and the ability to bond with various materials.
In recent years, PUF has been widely used in the
industry due to their good mechanical, electrical,
thermal, and acoustic properties. In general, the
sound absorption capacity of polyurethane (PU)
absorbers is strong in the high-frequency range.
However, due to their limited sound energy
capacity, they exhibit weaker performance in
the low-frequency range. Additional constraints
include diminished thermal stability and the
potential for ignition.

The addition of clay nanoparticles to PUF
results in an increase in the number of pores and
improved morphology, consequently enhancing
sound absorption. In addition, improving acoustic
properties can enhance thermal properties and
ignition resistance. Among the polymer materials,
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PUF was chosen as a sound absorber for this
study due to its low density, easy production, low
production cost, and high porosity. This study
aimed to improve the acoustic properties of PUF
as a sound absorber through the addition of clay
nanoparticles.

MATERIALS AND METHOD

To fabricate the PU composite foams, the
required materials consisted of two components as
listed as follows:

(i) component-A (KONIX FA-717 as polyol
(average molecular weight: 3500, Hydroxyl
number: 48 mg KOH/g), Niax silicone L-618 as
a surfactant (surface active agent, Sigma-Aldrich
Company, Germany), DABCO 33-LV Catalyst
(Simultaneous effectiveness on foaming and gelling
reactions, Hydroxyl number: 560 mg KOH/g, Air
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Fig. 1: Scanning Electron Microscope image of the surface of PUF made: a) Pure b) 0.3 wt.% ¢) 0.6 wt.% d) 1.2 wt.%
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Fig. 2: Absorption coefficient curve in the frequency range of 500-6400 Hz for PUF reinforced with Clay nanoparticles (0 to 1.2
wt.%). The vertical graph shows the Sound Absorption Coefficient (0 to 1).

Product Company), DABCO T-9 catalyst (stannous
octoate) (Polymerization catalyst or gelling reaction
catalyst, Hydroxyl number: 687 mg KOH/g, Essen
Company, Germany), Water as blowing agent and
(ii); component-B as Toluene Di isocyanate
80/20 (TDI 80/20) ( Merk Company., Germany,
Purity of 2 99.5% ). CLOISITE 30 B Nano clay as
filler was provided from Kava Sanat Payor in Iran.
First, a specified amount of component-A
was transferred into a container. These materials
were mixed with a mechanical stirrer at 2000 rpm
for 2 minutes. Then component-B containing
the TDI, was quickly fed into the ingredients of
component-A; mixing was carried out at 2000 rpm
for 8s. Then, the full mixture was poured into a
Teflon mold (15*15*15) and the port of that closed.
To prepare PUF with different percentages of Nano
clay particles, the first 0.3, 0.6, and 1.2 g of these
nanoparticles were weighed by accurate scales and
each of them was added separately to component A.
Then, these materials were placed on an ultrasonic
device for 3 hours. After homogenization by
ultrasonic device, these materials were mixed
again with a mechanical stirrer at 2000 rpm for 2
minutes, and in the final stage, TDI was poured
into them and the mixture was poured into the
Teflon mold. The morphology of the foams was
investigated by a Scanning Electron Microscope
(SEM), model Leo 11450, made in Hungary. Also,
the Sound Absorption Coeflicient was measured
using a two-microphone impedance tube (b& k
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4206T, Denmark) according to ISIRI 9803 standard
at the frequency range of 63-6300 HZ.

RESULTS AND DISCUSSION

By comparing the results of the scanning electron
microscope images, it can be seen that increasing the
weight percentage of nanoparticles in PUF has led to
an increase in the number of pores and a decrease
in their size, which itself leads to an increase in the
sound absorption coefficient (Fig. 1). The increase in
the sound absorption values of composite samples
can be due to the nucleation process, which means
that adding clay nanoparticles in the polymer matrix
leads to an increase in the number of pores and
energy loss. As a result, these samples show better
sound absorption. The impedance tube results
showed that all composite samples have a higher
sound absorption coefficient than pure PUF in
all frequency ranges. Also, sound absorption at
frequencies of 500-1250 Hz had slight changes,
while from 1250-6400 Hz, it had significant changes.
By adding different filler contents of modified clay
nanoparticles (CLOISITE 30B) to PU, the absorption
coeflicient of the foams first increased significantly
in all frequencies and then decreased in the same
frequency range and finally improved significantly
in all frequencies (from 500-1370 and 1600-5600
Hz) (Fig. 2). Therefore, adding nanoparticles to pure
PUF leads to the formation of clay nanocomposites
with a higher sound absorption coefficient. The
reason for this increase in the absorption coefficient

Journal of Health and Safety at Work 2024; 14(1): 40-53


https://jhsw.tums.ac.ir/article-1-6938-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

Moradi G et al. / Investigating the Acoustic Behavior of Polyurethane Foam..

can be related to the increase in cell space in the
wave path. Also, recent studies have shown that with
the increase in the number of cell pores in foam, the
sound absorption coefficient increases significantly
in the low-frequency range due to the increase in
airflow resistance created by the cell walls of the
pores. Pore properties such as smaller pore size and
thicker cell walls provide a good basis for vibration-
damping properties and higher sound absorption
performance, especially at low frequencies.

CONCLUSIONS
This research aimed to improve the sound

Journal of Health and Safety at Work 2024; 14(1): 40-53

absorption properties of PUE especially at low
frequencies. For this purpose, PUF was made with
different weight percentages of clay nanoparticles
(0-1.2 wt%). It was concluded from the conducted
investigations that adding different percentages of
clay nanoparticles to PUF is a practical solution to
improve the acoustic performance of the foam.
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