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Abstract
Sound absorption performance of needle-punched nonwovens containing polyester fibers of different sizes (7 and 15 
denier) and configurations (hollow, 4-hole, hollow conjugated, and hollow trilobal), as well as their composites with perfo-
rated rubber layer were investigated. From results, nonwovens of finer 7-denier fibers exhibited higher sound absorption 
coefficient (α) than that of coarser 15-denier fibers. This was due to greater amount of fibers in nonwovens and larger 
fiber surface area, thus longer tortuous path for sound waves to travel. Nonwoven of 4-hole fibers (7-4H) showed higher 
sound absorption performance than that of single hole fibers (7-H) due to increase in surface areas of small holes inside 
the fibers, thus increasing tortuous path. Likewise, increase in hollow area in the hollow conjugated fibers (15-HC), and 
angular configuration in the hollow triangular fibers (15-HT) resulted in greater sound absorption coefficient, compared 
to those of hollow fiber counterpart (15-H). Increasing nonwoven layer to 2 and 3 layers yielded an increase in sound 
absorption coefficient due to greater thickness and more air gaps between the nonwoven layer. The rubber/nonwoven 
composites, where perforated rubber layer was inserted between nonwoven layers, exhibited higher sound absorption 
coefficient in a low-frequency range. This study demonstrated that sound absorption performance could be enhanced 
through a wide frequency range by employing nonwoven of fine fibers having irregular shapes and large hole area, in 
combination with perforated elastic rubber.
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1 Introduction

Undesirable and high-level noise is considered a poten-
tial threat to human comfort and health [1–3]. A variety 
of acoustic materials has been used as either sound bar-
riers or sound absorbers to reduce such noise or sound 
to a comfort level or silence. Solid and impervious mate-
rials, for examples, act as a sound barrier, which reflects 
the incoming sound in order to prevent sound transmis-
sion. On the contrary, porous materials, including foams 
and fibrous materials with internal pores, act as sound 
absorber, especially in a high frequency range [1, 2]. 
Nonwovens are fibrous materials, which are assembled 

directly from fibers. Their porous structures and high 
surface areas make nonwovens attractive for being used 
as sound absorbers for many technical applications, for 
instance in building and automotive insulations. Poros-
ity in the structures, large fibers surface area, as well as 
fibers interlocking are frictional elements that provide 
resistance to sound wave propagation. When the sound 
wave enters into nonwoven, it moves through tortuous 
passages and contacts with the fiber surface, resulting in 
energy dissipation into heat loss, i.e. loss of sound energy 
[3–5]. Although materials with porous structure exhibit 
good acoustic absorption properties in a high frequency 
range, their performance at a low frequency range was 
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poor [6]. To improve sound absorption at low frequency, 
an addition of viscous interlayer such as soundproofing 
material could be used to increase the damping effect. The 
acoustic waves from the incident sound cause shear strain 
within the viscous interlayer material, and then are trans-
formed into heat energy as a result of the high damping 
characteristics of interlayer material.

Sound absorption characteristics of nonwoven materi-
als have been studied in many aspects [2–9]. Senggupta 
[2] studied effects of different parameters such as fab-
ric type, number of layers, area density and fiber type 
on sound reduction of needle-punched nonwovens. It 
was concluded that nonwovens exhibited higher sound 
reduction than woven fabrics, and nonwoven of Jute-
polypropylene (1:1) blend showed the maximum sound 
reduction compared to Jute, polypropylene, polyester and 
other jute-polypropylene blends (3:1 and 1:3). Increasing 
number of nonwoven layers increased sound reduction, 
before reaching a plateau of the maximum point. Tascan 
and Vaughn [4] studied the effects of total surface area 
and fabric density on sound absorption performance of 
needle-punched nonwovens. They reported better sound 
absorption in nonwovens of finer fibers with various cross-
sectional shape such as trilobal and 4DGs, compared to 
that of coarser fibers with round shape. Similar observa-
tion was reported by Abdelfattah et al. [7] that nonwovens 
containing high percent of hollow polyester fibers exhib-
ited higher sound absorption, compared to that of typical 
polyester fibers. This was explained due to hollow struc-
ture of the fibers, which contain air inside, thus increasing 
ability of nonwoven to absorb sound waves. Lee and Joo 
[8] investigated sound absorption coefficient of recycled 
polyester nonwovens with different fiber contents and 
fineness. The nonwovens were also combined with other 
sound reflecting materials such as PP film, aluminum foil, 
and spunbond nonwoven for further investigation. They 
concluded that nonwovens with higher proportion of fine 
fibers could dissipate more sound due to more contact 
area to sound wave and thus high resistance through 
vibration of the air. Insertion of resonant panel contributed 
to increase in sound absorption properties of all frequency 
regions.

Some other studies had also been conducted, using 
micro-perforated sound absorber, to improve sound 
absorption properties in a low-medium frequency range, 
[1, 10–13]. Liu et al. [10] investigated sound absorption 
capability of multi-layer micro-perforated panel absorber. 
In their experiments, 3D-printed micro-perforated panels 
with different perforation ratios were attached to either 
porous material or air gap. Results showed significant 
improvement of sound absorption at low to mid fre-
quency, and thus wider broadband sound absorption was 
obtained, using the designed multi-layer sound absorbers.

Unlike sound absorptive materials, sound barrier mate-
rials reduce sound via blocking or soundproof the area. 
Rubber is highly elastic and temporarily deformed under 
pressure and loading, thus can be used as a sound bar-
rier. Recent studies on recycled rubber particles from tire 
known as crumb rubber showed that it could be employed 
as a filler for noise absorption, especially at a low fre-
quency range [14, 15]. Lou et al. [16] investigated sound 
absorption properties of perforated flexible-foam/nonwo-
ven composites, having different percent of perforation 
(5–20%). The nonwoven laminates made of low melting 
point polyester (LMPET), flame retardant polyester (FRPET) 
and recycled Kevlar fibers were fabricated, and PU foam 
was sandwiched between them to make the composites 
with porous and resonance structures. From results, the 
perforated flexible foam/nonwoven composite with 4-mm 
hole exhibited the highest sound absorption coefficient. 
With increasing percent of perforation, absorption peak 
moved towards higher frequency. It was shown that, by 
combining the nonwoven laminate, increase in sound 
absorption performance of perforated flexible foam could 
be achieved over broad frequency range.

In this work, the sound absorption characteristics of 
polyester nonwovens as well as their composites with 
perforated rubber had been investigated comprehensively 
and systematically. The parameters including fiber sizes 
(7 and 15 denier) and configurations (hollow, 4-hole, hol-
low conjugated, and hollow trilobal) as well as number of 
nonwoven layers (1, 2 and 3) had been studied to under-
stand their influences on sound absorption coefficients of 
the obtained nonwovens. Furthermore, a combination of 
selected nonwoven with perforated elastic material was 
investigated to achieve higher sound absorption prop-
erties, especially in a low-frequency range. In a series of 
experiments, a rubber layer with different percentages 
of perforation (0, 3 and 11%) was inserted between the 
nonwoven layers, and sound absorption properties of the 
nonwoven-rubber composites were determined.

2  Experimental

2.1  Materials

Polyester staple fibers (64  mm. in length) with differ-
ent denier (7D, 15D) and configurations were used. For 
7-denier, fibers having 1 hole and 4 holes (labelled as 7-H 
and 7-4H) were used, whereas for 15-denier, 1-hole, hollow 
conjugated, and hollow trilobal fibers (labelled as 15-H, 
15-HC, and 15-HT, respectively) were used. Their cross-
sectional features and dimensions were shown in Fig. 1 
and Table 1. The 1 mm-thick rubber layers were prepared 
by casting 20 ml. of natural rubber latex (60% solid) on the 
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15 × 15 × 0.2 cm. glass mold and allowed to slowly set at 
ambient temperature for 2 days. The rubber layer (labelled 
as R), as well as perforated rubber layer with holes of 3-mm 
diameter, and distance of either 8 or 16 mm between holes 
(labelled as RH8 and RH16, respectively) were employed 
for nonwoven-rubber composite (Fig. 2). The measured 
percent of perforation for RH8 and RH16 were 3%, and 
11%, respectively.

2.2  Nonwoven fabrication

Nonwovens of polyester fibers, having different deniers 
and configurations, were prepared as the followings. 
Two hundred grams of fibers were firstly fed into card-
ing machine to form a 120-cm wide fiber web. The fiber 
webs were then half-folded into 60-cm wide and needle-
punched, using needle punching machine, at stroke fre-
quency of 100 time/min and belt speed of 1.5 m/min, to 
form nominal 2-cm thick nonwovens of 800 g/m2 with 

Fig. 1  OM images of PET fibers of different sizes and configurations. a 7-H, b 7-4H, c 15-H, d 15-HC and e 15-HT

Table 1  Dimensions of 
polyester fibers and properties 
of their nonwovens

a Height
b Area of 1 hole

Fiber 7-H 7-4H 15-H 15HC 15-HT

Diameter (μm) 31.68 ± 1.11 29.66 ± 1.32 47.30 ± 2.14 48.73 ± 2.17 42.85 ± 2.81a

Perimeter (μm) 99.52 ± 3.49 93.21 ± 4.16 148.59 ± 6.74 156.00 ± 7.09 152.30 ± 7.53
% Hole area 13.62 ± 2.38 3.67 ± 0.96b 15.28 ± 1.60 36.50 ± 2.77 19.11 ± 2.74
Nonwovens
Weight (gsm) 881.50 ± 48.74 822.94 ± 84.71 894.66 ± 60.67 885.32 ± 11.48 788.56 ± 29.98
Thickness (mm) 23.03 ± 0.30 17.50 ± 1.01 21.23 ± 2.21 18.30 ± 1.05 21.34 ± 0.22

Fig. 2  Rubber layer with different perforation. a R, b RH8, c RH16 
and d an example of nonwoven/rubber composite assembly 
(15-H/R/15-H)
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punch density of 18 punches/cm2. Their weights in gsm (g/
m2) and thickness were measured and reported in Table 1.

2.3  Evaluation on sound absorption properties 
of nonwovens

Sound absorption coefficient (α) of nonwoven samples 
were measured over a frequency range of 100–6400 Hz. 
(ISO 10534-2), using impedance tube system (BSWA Tech-
nology Co., Ltd.). In sample preparation, nonwoven were 
cut into 100 mm and 29 mm diameters for measurements 
in low and high frequency ranges, respectively. Nonwo-
vens of 1, 2, and 3 layers were measured, and their sound 
absorption coefficients were reported as a function of fre-
quency. For investigation on nonwoven-rubber composite, 
the 29-mm or 100-mm rubber layer was inserted between 
the nonwoven layers (Fig. 2) and their sound absorption 
coefficient were measured.

3  Results and discussion

3.1  Effect of number of nonwoven layer

Nonwoven samples, in configurations of 1, 2, and 3 layers, 
were measured for sound absorption properties. Over-
all, increasing number of nonwoven layer, i.e. increasing 
thickness, resulted in higher sound absorption coeffi-
cients. This observation was in agreement with previous 
study reported by Sengupta [2] that sound absorption 
performance increased with increasing nonwoven layers. 
In Fig. 3, a plot of sound absorption coefficient at differ-
ent frequencies, measured in nonwovens of 7-4H fibers, 
was given as an example. For 1 layer, absorption coeffi-
cient gradually increased with increasing frequency and 
reached the maximum plateau (αmax = 0.84) at frequency 

about 4000  Hz. For 2- and 3-layer configurations, the 
absorption coefficients increased sharply and reached 
maximum values of 0.96 and 0.99 at frequencies about 
2000 and 1600  Hz, respectively. Similar trends were 
observed in other nonwoven samples. It was noticed that 
sound absorption coefficients of 2- and 3-layer nonwoven 
samples were slightly dropped at some frequency range 
before increasing again, giving wavy curves. Such charac-
teristic observation could be contributed to the air gaps 
between the nonwoven layers.

3.2  Effect of fiber size

The measured sound absorption coefficients of nonwoven 
samples, containing different fiber sizes (7 and 15 denier), 
were shown in Fig. 4a–c. In 1-layer configuration (Fig. 4a), 
nonwovens of finer 7-denier fibers (7-H and 7-4H) pos-
sessed higher sound absorption coefficients, compared to 
those of coarser 15-denier fibers (15-H, 15H-C and15-HT) 
such that their maximum absorption coefficients were in a 
range of 0.79–0.86 versus 0.57–0.72, respectively. The influ-
ence of fiber size was clearly observed when compared 
between nonwovens of the same configuration; 7-H versus 
15-H fibers, whose maximum absorption coefficients were 
0.79 and 0.57, respectively. The higher sound absorption 
coefficient could be explained by three properties of the 
fine fibers: (1) larger amount of fine fibers, compared to the 
coarser fibers in nonwoven of the same weight, resulting 
in a longer tortuous path in the fibrous structure. (2) Larger 
surface area of the finer fibers enabled more chance to 
interact with the sound waves, resulting in higher airflow 
resistance caused by frictional viscosity through the vibra-
tion of the air. (3) Finer fibers could vibrate more easily 
than the coarser one, leading to conversion of acoustic 
energy to heat loss. Similar trends in effects of fiber size 
were also observed in nonwovens of 2- and 3-layer con-
figurations (Fig. 4b, c).

3.3  Effect of fiber configurations

Effects of fibers configurations and cross-sectional fea-
tures on sound absorption characteristics of the non-
wovens were also investigated. As shown in Fig. 4a–c, 
sound absorption coefficient of nonwoven containing 
7-denier fibers with four holes (7-4H) was higher than 
that of nonwoven containing fibers with single hole (7-H). 
For 1-layer nonwoven (Fig. 4a), the maximum absorption 
coefficients of 7-H and 7-4H nonwovens were 0.79 and 
0.87, respectively. Both 7-4H and 7-H fibers had compa-
rable diameters of 29.66 ± 1.32 and 31.68 ± 1.11 microns, 
respectively (Table1). Higher sound absorption coefficient 
observed in nonwoven of 7-4H fibers was partly due to the 
increase in surface areas of small holes inside the fibers, 

Fig. 3  Sound absorption coefficients of nonwovens with 1, 2 and 3 
layers (nonwoven of 7-4H fibers as for example)
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thus increasing tortuous path for sound waves. Likewise, 
higher sound absorption coefficient was observed in non-
woven of thinner wall 15-HC fibers, compared to that of 
the conventional hollow 15-H fibers (αmax = 0.72 vs. 0.57). 
Considering their comparable diameters, 48.73 ± 2.17 and 
47.30 ± 2.14 microns for 15-HC and 15-H, respectively, 
larger volume of hollow space in 15-HC fibers (hole area of 
36.50 vs. 15.28%) could also play a role on sound absorp-
tion. The greater volume of air inside holes retarded sound 
propagation through the nonwoven, resulting in higher 

absorption coefficient. Similar observation was reported 
by Abdelfattah et al. that increasing fiber hollow percent-
age, i.e. air volume, resulted in higher sound absorption 
efficiency [5]. As shown in Fig. 4, nonwoven containing 
15-HT fibers exhibited comparable sound absorption 
performance, compared to that of 15-HC fibers despite its 
lower percent of hole area (19.11 vs. 36.5%). This implied 
that its triangular shape might also play a role in increased 
sound absorption coefficient such that its angular configu-
rations scattered the sound in different directions, leading 
to higher loss of sound energy.

3.4  Nonwoven/rubber composites

Results from previous section showed that sound 
absorption coefficients of the obtained nonwovens were 
high in a range of mid-high frequency (2000–6000 Hz). 
However, they were poor in a low-mid frequency range 
(100–2000 Hz). In order to improve sound absorption 
performance in such range, further investigation was 
made by inserting a 1  mm-thick rubber sheet layer 
between the nonwoven layer and its sound absorp-
tion coefficients was measured, in comparison with the 
2-layer nonwoven counterpart. In this study, the non-
wovens of 7-4H and 15-H fibers, which exhibited the 
highest and the lowest sound absorption performances, 
respectively, were employed. The perforated rubber 
sheets, having holes of 3-mm diameter and distance 
between holes of either 8 mm (RH8) or 16 mm (RH16), 
were employed in comparison with rubber sheet with-
out perforation (R) (Fig. 2). Figure 5a showed that the 
15-H nonwovens with inserted rubber layer (15-H/R/15-
H) exhibited significant increase in sound absorption 
coefficient at a low frequency range. It showed a maxi-
mum value, αmax = 0.92 at 630 Hz before dropping over 
a frequency range of 800–2200 Hz and then increased 
to reach a plateau. The drop in sound absorption coef-
ficient value could be resulted from the middle rubber 
layer that blocked sound wave from reaching the next 
nonwoven layer. The latter nonwoven layer, thus, could 
not fully contribute to sound absorption performance. 
Similar trend was observed in the 7-4H/R/7-4H nonwo-
ven (Fig. 5b). For further study, the perforated rubber 
sheet (either RH8 or RH16) was inserted between non-
woven layers and their sound absorption coefficients 
were measured. As shown in Fig. 5a (dotted line), the 
15-H/RH16/15-H composite exhibited a sound absorp-
tion peak (αmax = 0.90) at a higher frequency (1000 Hz), 
compared to that of no perforation (15-H/R/15-H). 
For the 15-H/RH8/15-H composite with higher per-
cent of perforation (11%), the sound absorption peak 
(αmax = 0.89) shifted towards higher frequency (2000 Hz) 
as shown in Fig. 5a (dashed line). Furthermore, a drop 

Fig. 4  Sound absorption coefficients of nonwovens with different 
polyester fibers. a 1 layer, b 2 layers and c 3 layers
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in sound absorption coefficient afterwards became 
less, compared to that of 15-H/RH16/15-H (perfora-
tion = 3%). Similar observations were made in the 7-4H/
R16/7-4H and 7-4H/R8/7-4H composites, where peaks 
of sound absorption coefficients (αmax = 0.96 and 0.99, 
respectively) shifted towards higher frequency (1250 
and 2000 Hz, respectively) as percent of perforation in 
the rubber layer increased (Fig. 5b). This observation 
was in good agreement with that reported by Lou et al. 
[16] where absorption peak shifted towards higher fre-
quency with increasing percent of perforation in the 
flexible PU-foam/nonwoven composites. In our study, 
the perforated rubber sheet retarded sound wave prop-
agation via sound interference between the neighbor-
ing holes. In addition, it allowed sound waves to propa-
gate through holes and reached the latter nonwoven 
layer. Thus, sound absorption contribution from the 
nonwoven layer could be obtained. From these results, 
it was demonstrated that addition of perforated rub-
ber layer to nonwoven could improve sound absorption 
coefficients, especially in a low frequency range.

4  Conclusions

A comprehensive study on sound absorption properties 
of needle-punched polyester nonwovens was conducted, 
where polyester fibers of different sizes (7 and 15 denier) 
and configurations (hollow, 4-hole, hollow conjugated, 
and hollow trilobal) were employed to investigate their 
effects on sound absorption performance of the nonwo-
vens. Sound absorption coefficient was found to increase 
with increasing number of nonwoven layers (from 1 to 2 
and 3 layers) due to an increase in thickness and presence 
of air gap between the layers. Nonwovens with finer fib-
ers (7 denier) possessed longer tortuous paths and larger 
surface areas, compared to those with coarser fibers (15 
denier), resulting in their higher sound absorption coef-
ficients. For fiber configurations, nonwovens of 4-hole fib-
ers (7-4H) showed a higher sound absorption coefficient 
than that of single-hole fibers (7-H) due to larger surface 
areas of small holes in the fibers. Larger hollow area in the 
hollow conjugated fibers (15-HC) had a greater sound 
absorption coefficient, compared to those of hollow fiber 
counterpart (15-H). Results from this study suggested that 
nonwovens of fine fibers with irregular shapes and large 
hole area should be employed for obtaining good sound 
absorption properties. In addition, it was demonstrated 
that insertion of perforated elastic rubber layer could 
enhance the sound absorption performance at a low-fre-
quency range of the nonwoven-rubber composite. Knowl-
edge obtained from this study enables design and fab-
rication of nonwoven composites with enhanced sound 
absorption performance over a broad frequency range. It 
is of our interest to extend research work on developing 
flexible nonwoven composite with high sound absorption 
performance.
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