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Abstract
The soundproofing properties of polycarbonate (PC)/nanoclay and PC/nanosilica nanocomposites were studied through test-
ing and theoretical analysis. Nanocomposite sheets with a 3 mm thickness were fabricated by direct hot-compression molding 
process. The nanoclay and nanosilica particles were incorporated into the PC matrix by a twin-screw extruder. The dispersion 
efficiency of 1, 3 and 5 wt% nanoclay and nanosilica in the PC matrix was investigated by transmission electron microscopy. 
Dynamic mechanical analysis was performed for evaluation of mechanical properties of nanocomposites. Sound transmission 
loss (STL) was measured by an impedance tube over the frequency range of 1600–6300 Hz, and further employed in sound 
proofing characterizations of nanocomposites. A new finite element model was developed to model the sound transmission 
loss in impedance tube test. The results showed that the PC/3 wt% nanoclay and 3 wt% nanosilica nanocomposites had an 
average maximum increase of 5.5 and 6 dB in STL values in the stiffness control region (1600–3600 Hz), respectively. On 
the other hand, the PC/3 wt% nanoclay and PC/3 wt% nanosilica nanocomposites showed the same sound isolation charac-
teristics in the frequency range of 1600–3600 Hz. In addition, the finite element model developed for modeling the sound 
transmission loss in the impedance tube demonstrated a good correlation between the theoretical curves and the experimental 
results in the stiffness control region for both nanocomposites.
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Introduction

Nowadays, noise pollution, as one of the most living envi-
ronmental concerns has deleterious effects on the human 
body and mental livelihood. The use of sound absorption 
and isolation materials is a common technique for pas-
sive noise control. Many studies on sound transmission 
through different structures have been carried out to date 
[1, 2]. Despite the studies on sound absorption, extensive 
research has been published on the theoretical aspect of 
sound transmission loss [3, 4]. Also, many experimental 
studies have been reported on soundproofing properties of 
various kinds of structures; in particular, new structures, 
such as micro perforated-panel structures [5–7], magnetic 

rheological-based smart multi-layered panels [8], function-
ally graded materials [9, 10] and honeycomb panels [11].

Although the advent of smart materials has attracted the 
scientists’ interest, the application of transparent materials 
with sound absorption and isolation capabilities still has a 
considerable significance in industry and commerce. Single 
and double glazing windows are the most famous examples 
of this approach. Accordingly, researchers have reported 
numerous findings on different types of soundproofing glass 
panels [12–14]; however, in some cases due to fragility, it 
is not possible to use glass structures. Therefore, the impor-
tance of transparent polymer materials such as polycarbonate 
(PC) and poly(methyl methacrylate) (PMMA) has become 
apparent, and that these polymers are suitable candidates to 
replace glass. These two engineering polymers have wide 
range of applications, and many research works have been 
reported on their properties and features [15–17]. However, 
there are few articles describing the soundproofing proper-
ties of PC and PMMA.

In recent years, nanotechnology as one of the lead-
ing technologies is developing and growing fast. The 
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