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In the present study, novel insulation materials, such as nonwoven blankets with nanofibre webs, along with the
conventional materials, such as stone wool blankets and nonwoven blankets containing silica aerogel for glass fibre
fabric/epoxy composites, have been investigated experimentally. The results reveal that the nonwoven blankets containing
nanofibres may replace the conventional stone wool insulation layers or nonwovens with silica aerogel insulation layer
especially in the vibrational working conditions due to the brittle nature of both of these conventional materials.
Keywords: Acoustic properties, Glass fibre /epoxy composite, Nonwoven, Polyacrylonitrile nanofibre, Silica aerogel, Stone
wool, Thermal insulation

1 Introduction
Glass fibres are commonly used in various
applications due to their superior strength 1,2, light
weight 3, 4, low cost 5, 6, good thermal properties 6-8,
and acoustic properties 7-11. They can be used in the
forms of short fibres 12, 13, filament fibres 14, 15, or
nonwovens16, 17 to achieve the desired properties of
fibre-reinforced composites. The acoustic and thermal
properties of composite materials can be enhanced by
adding/combining nano- and macroscale additives to
glass fibres. Silica aerogels are reported as suitable
additives to glass fibres18-29.
Various studies have addressed the effect of aerogel
on thermal conductivity and sound absorption in glass
fibres30-32. Shafi et al. 33 investigated the improvement in
thermal properties of silica aerogel glass fibre
composites using the two-step sol-gel method. Haq et al.
34
investigated the thermal behaviour of silica aerogel
glass fibre composites with silica sols ranging between
4% and 32%. Zhu et al. 35 manufactured glass
fibre/polyimide aerogel composites (GF/PI) by
impregnating glass fibres with 0%, 25%, 75%, and 100%
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as aerogels. Li et al. 36 studied the effect of H2O:TEOS
molar ratio of silica aerogels on mechanical, thermal,
and flammability properties of glass fibre film/silica
aerogel composites. Zhou et al. 37 measured mechanical
properties and thermal stability of glass fibre reinforced
silica aerogel composites.
Yang et al. 38 investigated the sound absorption
performance of aerogel/ polyester-polyethylene
nonwovens fabrics. Talebi et al. 39 investigated sound
absorption properties of silica aerogel/polyester
blankets, which were prepared by the sol-gel process.
Forest et al. 40 compared the acoustic properties of
silica aerogel granules with different sizes (80 μm and
3.5 mm) and glass wool samples. They observed that
aerogels showed at least 10 dB higher acoustic
transmission losses than glass wool with the same
thickness.
In addition to aerogels, there has been growing
interest in using polyacrylonitrile (PAN) fibres for their
good thermal and sound absorption properties 41, 42.
Xiang et al. 43 investigated acoustic properties of
polyacrylonitrile (PAN) nanofibrous membranes.
Kucukali Ozturk et al. 44 investigated sound absorption
performance, air permeability, and surface morphology
of polyacrylonitrile nanofibre–coated nonwoven jute
and wool structures. Their findings showed that coating
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of jute and wool felts with PAN decreased air
permeability while improving sound absorption
performance. Liu et al. 45 compared the sound
absorptivity of polyacrylonitrile (PAN), thermoplastic
polyurethane (TPU), and thermoplastic polyester
elastomer (TPEE) nanofibres. They found that PAN
fibres have higher sound absorption coefficients than
TPU and TPEE when the frequency is 100–2500 Hz.
Rabbi et al. 46incorporated PAN nanofibre webs into
the needle-punched PET and wool nonwoven layers.
The results showed that sound transmission loss was
improved by increasing the number of nanofibre layers,
and higher transmission loss values were obtained.
Sabetzadeh et al. 47 analyzed the effect of nanofibre
diameter and web surface density on the thermal
conductivity of polyacrylonitrile nanofibre webs. They
observed that using thinner fibres with a higher surface
density led to better thermal performance.
Stone wools are other effective materials used as
thermal or sound insulators 48, 49. Nagy et al. 50
investigated the thermal conductivity of stone wool
structures for walkable roofs. They observed that the
density and moisture content of the mineral wool
affected the thermal conductivity. Andres et al. 51
compared the thermal properties of stone wool layered
sandwich composites after exposing the composites to
different levels of heating. Forouharmajd et al. 52
compared the acoustic performance of stone wool with
plastics (at different densities and thicknesses). They
observed that stone wool samples had higher
absorption coefficient values than rubber samples.
The production of glass fibre/epoxy composites
with silica aerogel should be carried out very
carefully to avoid any kind of damage or degradation
in mechanical properties. Agglomeration of silica
aerogel particles can degrade the mechanical
properties, leading to difficulties in the production of
composites with both good thermal and mechanical
properties. Thus, insulation of glass fibre/epoxy
composite is generally carried out by using a blanket
as insulation layer, such as stone wool. Nanofibre
webs recently are implemented for sound insulation.
However, they have not been explored for their use as
an insulation layer together with glass fibre/epoxy
composite, neither for sound nor for thermal
insulation in industrial applications. Most of the
studies in the literature have been carried out for
thermal or acoustic properties only. Both thermal and
acoustic properties are important at the same time for
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many application areas, such as insulation of vehicles
(airplanes, etc.). Comparative studies between the
different insulation materials are important for the
final decision. In this study, a polypropylene
nonwoven blanket with silica aerogel and same
nonwoven blanket with PAN nanofibre web have
been prepared for glass fibre/epoxy composites for
improved properties without creating a negative effect
on mechanical properties of glass/epoxy. Both
thermal and acoustic properties of layers including
commercial, conventional stone wool blanket and
nonwoven with silica aerogel and nonwoven with
PAN nanofibre web have been experimentally
examined and compared for glass fibre/epoxy
composite for the first time. Nonwoven blankets with
PAN nanofibres or silica aerogels are produced using
electrospinning process. Their sound and thermal
properties are compared using impedance tubes and
heat transfer coefficient test chamber respectively.
2

Materials and Methods

2.1 Materials

Plain woven glass fabric (525 g/m2 areal density,
2 weft/cm, 2 warp/cm, and 0.4 mm thickness), epoxy
resin (F-1564), and hardener (F-3486), purchased
from Fibermak, were used. Commercially available
silica aerogel ENOVA®MT 1200 (Cabot´s Aerogel),
spunbond
polypropylene
nonwoven
fabric,
polyacrylonitrile, and stone wool were obtained from
different local companies.
2.2 Production Methods
Nonwoven Blanket with PAN Nanofibre

Polyacrylonitrile (PAN) nanofibre web with
312 nm diameter [Fig. 1(a)] was produced by
electrospinning system, which consists of a syringe
pump, high voltage power supply, nozzle (needle 21
gauge), and electrically conductive collector. The
working principle of electrospinning [Fig. 1(b)]
includes feeding of PAN through syringe pump. PAN
was first dissolved in dimethylformamide (DMF), and
then placed into the nozzle that is connected to the
syringe pump. The high voltage power supply is
connected to the nozzle to charge polymer solution,
which allows movement of solution jet from the tip of
the nozzle into the electrically conductive collector
(grounded). As the polymer solution jet moves from
the tip of the nozzle to the surface of the collector,
solvent is vaporized and polymer in nanofibre web
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structure is collected onto the surface of the
collector [Figs 1(a) and (b)]. In this study, PAN was
solved in 8wt% dimethylformamide (DMF). The
electrospinning system has been set up with
14 kV voltage. The distance between the nozzle and the
connector is kept 14 cm. In addition, 0.9 mL/h feeding
rate and a 21-gauge needle (inner diameter 0.514 mm
and outer diameter 0.819 mm) have been chosen as

nozzle parameters. Nanofibre web was electrospun on
polypropylene nonwoven layer which was placed on the
collector. The thickness of the PAN nanofibre web and
each nonwoven layer was approximately 0.085 mm.
Nonwoven Blanket with Silica Aerogel Particle

Silica aerogel particle [Fig. 2(a)] was sprayed into
nonwoven layers using the same electrospinning system.
Silica aerogel particles were dispersed in DMF (SiO2:
DMF= 0.025 g : 1 mL) by ultrasonic homogenizer
(Bandelin) for 3 h. Then, dispersed silica aerogel was
sprayed into a polypropylene nonwoven layer
[Fig. 2(b)], which was placed on an aluminium collector
of the electrospinning system with 1 mL/h feeding rate,
16 kV voltage, and 15 cm distance between tip of the
nozzle (21-gauge needle) and collector.
Glass Fibre/Epoxy Composite with Insulation Blankets

Fig. 1 — Images of (a) PAN nanofibre web with 312 nm diameter
and (b) schematic illustration of electrospinning system

Glass fibre/epoxy composite (glass fibre volume
fraction 62%) was produced by hand lay-up technique
with 0/0 stacking sequence of 6 layers of glass woven
fabric. The composite samples were cured in
laboratory conditions for 2 days. After the curing
process, all insulation blanket materials (stone wool
blanket, nonwoven blanket with silica aerogel, and
nonwoven blanket with PAN nanofibre web) were
layered on glass fibre/epoxy composite [Table 1 and
Figs 3(a) and (b)]. The insulation materials were
placed right next to glass/epoxy composite, as shown
in Fig. 3(c). The thickness of glass fibre/epoxy
composite was kept about 3 mm, while the
thicknesses of the insulation layers were in the range
of 2 -2.5 mm. Thus, all composite materials with
different insulation layers retain similar thicknesses
(in the range of 5.0 - 5.5 cm) to compare their effect
on the insulation performance.

Fig. 2 — Images of (a) silica aerogel particle, and (b) nonwoven layer
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Table 1 — Materials and sample properties
Code

Layers type

GCSA

Glass fibre/epoxy composite (6 layers)+
PP nonwoven (21 layers) and PP
nonwoven with silica aerogel (4 layers )

Stacking sequence
4 layers nonwoven
with aerogels

Thickness,
mm
5.5

Areal density
g/m2
4965

5.5

4999

5.0

5068

21 layers nonwoven
6 layers glass fabric
composite
GCPN

Glass fibre/epoxy composite (6 layers)+
PP nonwoven (17 layers) and PP
nonwoven with PAN layer (4 PP
nonwoven layer +4 PAN layers)

8 layers nonwoven
with PAN
(4 nonwoven+4 PAN)
17 layers nonwoven
6 layers glass fabric
composite

GCSW

Glass fibre/epoxy composite 96 layers)+
stone wool fibre blanket layer

Stone wool blanket
6 layers glass fabric
composite

Fig. 3 — Images of (a) glass fibre/epoxy composite, (b) stone
wool, and (c) schematic illustration of glass fibre/epoxy
composite with insulation layers
2.3
Test Methods
2.3.1 Thermal Conductivity Coefficient and Thermal Resistivity

Thermal conductivity [heat conduction coefficient
(W/m°C) and thermal resistivity (m2°C/W)] values of
the samples were measured according to EN 12667
standard and evaluated based on the calculation
methods/formulas outlined in ASTM C1045 standard.
The experimental chamber is shown in Fig. 4. Two
very similar samples are placed over and under the
electric heater. All samples have the same diameters
(113±0.1 mm) and thicknesses of around 5 mm
(Table 1). For a specific experiment, top and bottom

Fig. 4 — Schematic drawing of heat transfer coefficient test
chamber

sample thicknesses are within 10 % range to each
other. Two independent heat transfer coefficient and
thermal resistance measurements were completed for
each of the experiments.
2.3.2 Sound Absorption Coefficient

Sound absorption coefficient was measured by
TestSens Sound Tube (BIAS) with twin-tube which
can run according to ASTM E-2611, ASTM E-1050,
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ISO 10534-2 53. The inner diameters of the small tube
and large tube are 29 mm and 100 mm respectively
and the frequency range is 50 Hz-6400 Hz. Rigid
materials such as glass fibre/epoxy disk was prepared
with diameter of about 28 mm for small tube and
99 mm for large tube to overcome vibrational/noisy
peak. Then the void between rigid sample and tube
(1 mm) was filled by Vaseline gel. However, nonrigid materials such as nonwoven blankets were
prepared keeping the tube diameters 29 mm and
100 mm.
2.3.3 Air Permeability Test

Air permeability of stone wool blanket and
nonwoven blanket with PAN nanofibre and nonwoven
blanket with silica aerogel was measured by Prowhite
K008 Ait Test device under 100 Pa pressure using EN
ISO 9237 standard. Air permeability of glass/epoxy
composite was not measured.
3 Results and Discussion
As seen in Fig. 5, the air permeability decreases in
the order of stone wool blanket, nonwoven blanket
with silica aerogel, and then nonwoven blanket with
PAN nanofibre. This result is also expected from the
observation of these samples’ compactness. The air
permeability of stone wool is about 475 mm/s, while
that of nonwoven fabric with aerogel is about
410 mm/s. It can be seen that the addition of PAN
fibres significantly decreases the air permeability of
nonwoven fabric in contrast to aerogels. This is
because of the more compact structure of the PAN

Fig. 5 — Air permeability test results
Table 2 — Heat transfer coefficients
Samples
GCSW
GCSA
GCPN

KTOP, W/M°C
0.078
0.087
0.087

KBOT, W/M°C
0.079
0.087
0.085

nanofibre web, wherein the pores between nanofibres
are in the range of nanometre dimension or under
micrometer dimension [Figs 1(a) and (b)]. Stone wool
has the highest value when compared with nonwoven
structures, because stone wool has more open
structure than nonwoven structures.
According to Table 2, in all experiments, the
conductivities of both the top and bottom samples are
within the range of 0.001 W/m°C, comparing to its
pair (top and bottom). This fact is an essential
indicator that the experiments are conducted quite
precisely. Glass fibre/epoxy composite with stone
wool (GCSW) has a lower heat transfer coefficient
( ~ 10-15%) as compared to that having nonwoven
blanket with silica aerogel (GCSA) and with PAN
nanofibre (GCPN). This can be explained by the
insulation power of dead air in large voids of the
stone wool blanket as indicated by the highest air
permeability (Fig. 5), as compared to nonwoven with
silica aerogel and nonwoven with PAN nanofibre
web, although silica aerogel particle itself has the
least heat transfer coefficient (~ 0.012 W/mK) 54.
Comparison of glass fibre/epoxy composite with a
nonwoven and silica aerogel (GCSA) and nanofibre
with PAN nanofibre (GCPN) is found very
interesting. Both glass fibre/epoxy composite having a
nonwoven blanket with silica aerogel (GCSA) and
with PAN nanofibre (GCPN) are found similar to
each other. The insulation properties of the PAN
nanofibre web depend on the many micro or
nanopores between the nanofibres [Figs 1(a) and (b)],
as in the case of silica aerogel pores. These micro or
nanopores between the nanofibres decrease air
permeability because of the very small dimension of
voids; many pores result in decrease in the heat
transfer coefficient due to the insulation power of
dead air in this small void.
According to Fig. 6, the sound absorption
performances of both GCPN and GCSA are found
higher than that of glass fibre/epoxy composite with
stone wool (GCSW) due to pore/void dimensions and
material type(polymeric /inorganic material). As
already known, both PAN nanofibre web and silica
aerogels can have nano and/or micro pores, while
stone wool has larger voids which lead to higher air
permeability (Fig. 5). Larger voids may lead to fewer
sound absorptions. On the other hand, PAN nanofibre
and nonwoven are polymeric materials, while stone
wool and silica aerogel are inorganic materials. It is
known that polymeric materials are more elastic than
rigid inorganic materials, thus leading to more energy
absorption and damping properties, which can result
in more sound absorption. The sound absorption
coefficient of glass fibre/epoxy composite with
nonwoven blanket and PAN nanofibre (GCPN) is
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