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Abstract

Luffa fiber, glass wool (yellow) and glass fiber (white) were used into polyurethane (PU) to prepare sandwich compos-
ites. Effects of reinforcement in the composites were evaluated in terms of sound absorbance, water absorption and
mechanical properties. In addition, the elastic and plastic nature along with the ignition property of the composites
due to the reinforcement of the fibers was also revealed. The thermal properties of the composites were determined
by differential scanning calorimetry and thermogravimetric analysis, whereas, the surface morphology of the samples
before and after the ignition were examined by scanning electron microscopy (SEM). Result analysis revealed that the
PU composites reinforced with glass fiber (white) showed the highest sound absorbance (21.3 dB) and tensile strength
(0.96 MPa) compare to the others. The thermal stability was enhanced by 10 °C due to the reinforcement of the glass and
luffa fiber. The glass transition temperature was increased significantly (58 °C) by the addition of glass fiber. The sound
absorption coefficient changed from 0.21 to 0.27 due to the incorporation of the glass fiber. A large number of different-
sized pores created in the composites as observed from the SEM analysis.
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1 Introduction facilities, NFs show some drawbacks, such as their hydro-

philic nature, poor compatibility with polymer and high

Natural fibers (NFs) have become promising alternative
as a reinforcing agent for polymer composites. Previous
works using NFs in polymer composites focused mostly
on thermal, mechanical and structural properties. The
documented results were impressive. Reports highlights
that the uses of NFs have some advantages due to their
intrinsic properties, like light-weight, low-density, renew-
ability and environment-friendly nature. NFs are majorly
composed of lignin, hemicellulose, cellulose, pectin and
waxes [1, 2]. A number of plant fibers, such as banana,
coir, kenaf, jute, pineapple, cotton, and Luffa cylindrica
(luffa fiber) used successfully for the reinforcement pur-
pose in different polymeric matrices [3]. Despite of the

moisture absorption [4]. These drawbacks can be solved
using different treatment on the surface of the fibers and
by different types of coupling agents [3, 4].

Luffa is commonly known as sponge gourd, vegetable
sponge, bath sponge or buah petola (malay), a member of
the species of cucurbitaceous family [5]. It has a cylindrical
and smooth shape. It is biodegradable and renewable [6].
LF is one of the mostly used NFs which is widely available
all around the world [7]. The most important thing of this
fiber is its special type of macro-structure. Its strong fibers
are arranged like a bundle and linked with a multiple num-
ber of branches, like a bird-nest. This special arrangement
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of fibers can hold a number of voids inside and can be
used as insulating materials for sound and heat.

Polyurethane foams have been used in a wide variety
of applications, such as cushion, furniture and insulation
materials. There are many types of polyurethane foam,
for example, polyurethane foam caulking, single compo-
nent foam sealant and two-component foam insulation
or sealant kits [8-10]. Polyurethane foams are made up
of a solid and gas phase mixed together to form a foam.
This process occurs by combining these two phases in a
smooth fashion. The resulting foam has a polymer matrix
with either air bubbles incorporated in it, which is known
as closed-cell or open-cell structure. Closed-cell foams are
generally more rigid, while open-cell foams are usually
flexible [8]. The microscopic voids, created during polym-
erization, have made this polymer light-weighted and to
be used for acoustic insulation purpose. Recently, the pol-
yurethane industry has been focused on doing research
on anti-flammability of PUs. Their high flammability has
limited their utilization in different applications [11]. In this
research, both the NF and synthetic fibers were used as a
reinforcement for sound and fire resistant purpose. A num-
ber of studies have been carried out for the acoustic per-
formance of NF-based polymer composites for improved
sound absorption [12, 13]. Both the studies investigated
the effect of fiber loading and thickness of the samples
on sound absorption properties. A summarize analysis for
the acoustic performance of the fibrous and bio-based
materials has been documented. Both the empirical and
micro-structural model have been discussed to predict the
noise absorbance performance of these materials [14, 15].
The especial structural and physical properties of both the
synthetic and natural fivers like hollow, porous, spongy,
light weight, low density, etc. have always been enlighten
in favor of high performance or improved acoustic proper-
ties [16, 171].

Glass fibers have been used in various industries, such
as automobile and marine. They have been used for com-
posite preparation due to their excellent properties like
high strength, flexibility and chemical resistivity. There
are different types of glass fiber available, for example,
chopped strand, yarns, fabrics and mats. They are different
in nature and have unique properties [18, 19]. However,
some disadvantages have also been noticed for the using
of glass fibers, such as high cost, variable performance,
poor repair ability and low process ability. In addition,
high energy requirement for the production of glass fiber
is another challenge [18]. However, they can be used in
low amount as a reinforcing agent with PU foam.

The aim of this research was to find the effects of using
both the luffa and glass fibers in polyurethane-based
hybrid composites for sound and fire insulation have been
extensively researched. A comparative analysis was carried

SN Applied Sciences

A SPRINGER NATURE journal

out among the composites for their different performance
in the terms of sound absorption and fire resistivity. In
addition, their thermal stability, water absorption charac-
teristics and mechanical properties were also evaluated.
Moreover, the dispersion and arrangement of the fibers
inside the composites was also revealed though scanning
electron microscope.

2 Methods
2.1 Materials

The luffa fibers were collected from the local farmers at
Kuching, Malaysia, although it can be found all everywhere
in Malaysia as it is a local common vegetable. The scientific
name of the species is Luffa aegyptiaca. It has a density
of 0.92 g/cm?. It consists of cellulose (63%), hemicellulose
(20.9%), lignin (11.7%) and ash (0.4%). The fiber was used
for the fabrication of the composites without any modifi-
cation. The Bossman General-purpose polyurethane (PU)
spray, (CAS no 9009-54-5), was purchased from Kepong,
Malaysia. The foam expands and cures by the moisture
present in the air. For safely handling, the spray/vapor was
avoided to inhale. The spray was used in well-ventilated
area to avoid any unwanted accident. The density of PU
foam was approximately 0.07-0.11 g/cm?®. It is insoluble
in water. It has a pH of 6.4-8.5. The glass fibers (CAS no.
65997-17-3) were supplied from Poly Glass Fibre Insula-
tion, Prai, Malaysia. Two types of glass fibers: long white
colour thread glass fiber and needled yellowish colour
glass fiber, were used in this research. Both the two types
of glass fiber has a density of 2.2-2.69 g/cm?.

2.2 Preparation of the composites

Different types of PU-based composites were prepared
using a cylindrical mold. The composites were prepared
with double layers of natural luffa fiber, glass fiber and
glass wool. A thin layer of wax was applied on the inner
surface of the mold for easy-release of the samples.
The luffa fibers were cut to square size (15 cm x 10 cm)
mat of thickness 2 mm, whereas glass fibers mat (thick-
ness=1 mm, area= 150 cm?) were inserted as it is col-
lected from the rolling. Both the fibers are oriented ver-
tically in layers (fit and adjusted to the cylindrical mold)
in the mold and then, the spray of PU foam was applied
into the mold. Nearly, 0.5 ml of PU spray was required
to prepare 75 cm® volume of a cylindrical mold. The one
component PU spray was shaken for 40 s before the
application. It was associated with a plastic adaptor and
a gun for foam application. The ambient temperature
was ensured 23 + 2 °C. The spraying of the PU foam was
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conducted almost at similar flow rate. The tack free time
was estimated 12-15 min. After that, the mold was kept
in open place for couples of hours, until the PU becomes
solidified foam. The solid and cured foam was cut after
20 min. Safety precaution was ensured by wearing mask,
goggles and gloves to avoid unwanted inhalation and
contact of the spray. It was also ensured that the area
was completely safe and isolated from any kind of heat,
sparks, flames, and electricity. The schematic illustration
of the samples are presented in Fig. 1.

3 Experimental
3.1 Fourier transform infrared (FTIR) spectroscopy

A Fourier transform infrared spectrophotometer (model-
Thermo SCIENTIFIC, NICOLET AVATAR 370DTGS, USA) was
used to examine the functional groups of the samples.
ASTM D5477-18 was followed to perform the testing
[20]. The KBr method was employed for the analysis with

the scanning ranges from 400 to 4000 cm™".

PU

LFPY

LFPW

Fig. 1 Schematic illustration of the sandwich composites

3.2 Thermogravimetric analysis

A thermogravimetric analyzer, TA simultaneous instru-
ment (model-TGA/DSC 1), was used to determine the
thermal decomposition behavior of the samples. Nearly,
10 mg of the samples was considered for the testing,
using a platinum pan. ASTM E2402-19 was adopted to
perform the testing [21]. The heating rate was 20 °C/min
with the temperature range of 30-600 °C.

3.3 Differential scanning calorimetry

For the melting behavior, a differential scanning calorim-
eter (Mettler Toledo, TA-GC 10, Model: DSC 822e), was
used in a nitrogen atmosphere. ASTM D7426-08 was fol-
lowed to perform the testing [22]. An aluminum pan was
used for the testing with a heating rate of 20 °C/min and
the temperature range of 30-400 °C.

3.4 Tensile property

The tensile testing was conducted according to ASTM
D638-03 [23]. The sample length, thickness and width
was 63.5, 3.16, and 9.8 mm, respectively. The speci-
mens were tested by using a SHIMADZU (model AG-1)
universal testing machine (load cell=1 kN, crosshead
speed =1 mm/min). The test was performed until the
tensile failure occurred. Five specimens were tested for
each batch and their average value was considered for
the analysis.

3.5 Water absorption

The water absorption test was conducted by immers-
ing the specimens in a container, filled with distilled
water at 25 °C. ASTM D570-98 was used to perform the
testing [24]. After immersion for 1 day, the specimens
were taken out from the water and all surface water was
removed with a clean tissue paper. The specimens were
weighed using an analytical balance. The water absorp-
tion was calculated by the weight difference. The per-
centage of weight gain of the samples was measured
by the Eq. 1 [18].

We =W,
WU(%) = ———— x 100 (1)
Wi
where w;and w,are the initial and the final weights of the
sample before immersing in water and after taking out of
water, respectively.
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Fig.2 Schematic illustration of the arrangement of sound absorb-
ance device

3.6 Sound absorption

The sound absorption testing was conducted accord-
ing to ASTM E1050 [25]. The mechanism for the testing
are displayed in Fig. 2. The frequency range was 31.5 Hz
to 8.5 kHz. These tests were conducted by placing the
samples in the testing chamber as seen in the figure.
The sound level of 100 decibel was used as the maxi-
mum range. The sound was played without no sample
in the chamber to get the blank reading of the sound
level. After that, all the samples were placed one after
another and sound absorption level was tested. The
specimens were placed in a funnel which was also placed
in between of the source, speaker, and a digital receiver.
The data was displayed in the recorder.

3.7 Ignition test

Finally, the samples were tested for the ignition property
analysis. A part of his test was carried out to observe the
ignition or burn-characteristics of the composites, follow-
ing the UL94 test method, qualitative analysis for the flam-
mability of the polymeric materials [26]. The dimension
of the bar-shaped test specimen was 15 x 6.5 x 3 cm>. The
testing was performed vertically igniting the samples by
burner. This test was conducted by igniting the composites
in the direct fire to observe the flammability, amount of
smoke produced and how long the fire continues before
they become ash.

3.8 Scanning electron microscopy

The surface of the fractured (from the tensile testing)
as well as the burned samples of the composites was
observed by a scanning electron microscope (model-
Phenom ProX, The Netherlands). ASTM E1829-14 was fol-
lowed to perform the observation [27]. The samples were

SN Applied Sciences

A SPRINGER NATURE journal

completely dried before testing. Then the samples were
mounted onto a metal based holder with the help of dou-
ble sided sticky carbon tape. Then the coated sample were
exposed for microscope imaging at 15 kV.

4 Results and discussion
4.1 FTIR analysis

The FTIR spectroscopic analysis was used for the func-
tional structure of the fibers and the composites. Figure 3
shows the IR spectra of different samples. The spectra for
different samples are presented in Table 1. Referring to
the FTIR spectra of LF, it was found that the OH stretch-
ing of alcohol/hydroxyl group can be confirmed by the
peak at around 3343 cm™'. The presence of C-H stretching
can be confirmed by the peak at 2958 cm™". In addition,
a number of typical peaks, for example, C=0 stretch, C-H
stretch, C-O stretching vibration and C-O-C stretch were
confirmed by the peak at 1732 cm™, 1492-1595 cm™',
1232 cm™" and 1019-1103 cm™, respectively [28-30].
Refereeing to the FTIR spectra of PU, it was found that the
presence of hydroxyl functional group can be confirmed
by the peaks at around 3298 cm™'. The presence of C-H
stretching was confirmed by the peak around 2917 cm™,
whereas, the evidence of CH, stretching was noticed by
the peak at 2849 cm™'. The isocyanate group was con-
firmed by the peak at around 2250 cm™. In addition, the
presence of C=0 stretching, C-H stretching, CH; and CH,
symmetrical bending, C-O stretching and C-O-C stretch-
ing vibration were noticed by the peak, respectively, at
1726 cm™,1509-1537 cm™', 1434 cm™', 1229-1307 cm™'
and 1072-1148 cm™".
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Fig.3 FTIR spectra of different samples
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Table 1 FTIR spectra of different samples

Samples LF PU LFPU LFPY LFPW Assignment
Wavenumbers (cm™) 3343 3298 3297 3346 3347 OH stretching
2958 2917 2925 2900 2917 C-H stretching
- 2849 2856 - - C-H, stretching
- 2250 2276 2322 2322 Isocyanate
- - - 2161 2161 Carbodiimide
1732 1726 1712 - 1710-1756 C=0 stretching of acetyl or carboxylic acid
1492-1595 1509-1537 1536-1509 1637 1514 Aromatic bending C-H (ring)
- 1434 1444 1429 - CH; and CH, sym. bending pyran ring
- - 1376 - 1382 C-H bending
1232 1229-1307 - - - C-0 stretching
1019-1103 1072-1148 N N - C-O-C stretching

A comparative analysis of the FTIR spectra of the PU-
based composites, such as LFPU (luffa fiber/polyure-
thane), LFPY (luffa fiber/polyurethane/yellow glass fiber)
and LFPW (luffa fiber/polyurethane/ white glass fiber),
are presented in Fig. 4. It was found that the presence of
hydroxyl groups can be confirmed for all the composites
in the area of 3200 to 3400 cm™'. The C-H stretching can
be confirmed by the peak at around 2925 cm™', 2900 cm™'
and 2917 cm™', respectively for LFPU, LFPY and LFPW. The
CH, stretching was found to be shifted to 2856 cm™" due
to the incorporation of NFs. The isocyanate group was also
found to be evidenced by the peak at around 2276 cm”,
2322 cm™" and 2322 cm™ for the case of LFPU, LFPY and
LFPW. The C=0 stretching vibration was shifted to the
peak at 1712 cm™" and 1710 cm™' for LFPU and LFPW,
respectively. The C-H stretching vibration of the aromatic
ring can be confirmed by the presence of peak at around
1509 cm™, 1376 cm™" and 1514 cm™, respectively, for
LFPU, LFPY and LFPW [28-30]. The CH; and CH, sym-
metrical bending presence was confirmed by the peak at
around 1444 cm™" and 1429 cm™, respectively for LFPU
and LFPY. The peak at around 2161 cm™' was confirmed
due to the presence of carbodiimide for LFPY and LFPW.

4.2 Thermal stability analysis

The TGA analysis of LF, PU, LFPU, LFPY and LFPW is pre-
sented in Fig. 4a. The analysis presents the weight loss
(%), thermal stability and percentage of char residue of
the samples. The thermal properties of the samples are
presented in Table 2. From the figure, it was found that
the degradation of LF around 100 °C was due to the loss
of moisture, which was also evidenced for LFPU. After that,
the NFs experienced degradation for hemicellulose in the
period of 200-280 °C, whereas cellulose started degrad-
ing from 250 to 350 °C and lignin from 350 to 450 °C. The
onset degradation temperature of PU was 243 °C, whereas,

reinforcement with NFs and glass fibers enhanced to
253 °C (LFPU and LFPW) and 253 °C (LFPY). The residues
were 28.5,9.9, 17.8, 23.3 and 22.2%, respectively for LF, PU,
LFPU, LFPY and LFPW.

Figure 4b shows the derivative weight vs. temperature
curves of the samples. Referring to the graph for LF, it was
found that the fiber degraded at three stages: the first
stage (T, =81.3 °C) was due to the loss of moisture, the
second stage (T,,,..o=255.9 °C) was due to the degradation
of cellulose and hemicellulose and finally, the third stage
(Trmaxs = 332.9 °C) was due to the decomposition of lignin
[31, 32]. On the other hand, PU and composites showed
two-stage of degradation. It was found that the rest of the
samples degraded at the very first stage (T,,,,; =from 287
to 309 °C), was due to the decomposition of urethane link-
ages, and the second stage (T,,,,, =from 426 to 437 °C)
was due to the degradation of the polyol [31]. The melt-
ing behavior of the samples are presented through DSC
analysis in Fig. 4c. Regarding the melting behavior of LF,
it was found that the curve showed an endothermic start
which is probably due to the heat requirement for the
removal of moisture [1]. The glass transition temperature
(Tg) of PU was 49 °C, which was increased to 91 °C due to
the incorporation of LF. On further adding of GF (Y) and
GF (W) improved the Tg to 107 °C. This improvement can
be attributed as the reinforcement effect of high strength
GF. The melting point of PU, LFPU, LFPY and LFPW was
in the range of 305-308 °C. The melting behavior of the
composites were almost similar for the reinforcement of
different fibers.

4.3 Tensile property

The tensile strength (TS) and tensile modulus (TM) of LF,
PU, LFPU, LFPY and LFPW are shown in Fig. 5a. The elonga-
tion at break (%) of the samples are listed in Table 3. From
the figure, it can be seen that the TS and TM of LF was
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Fig.4 Weight (%) versus temperature (°C) (a), derivative weight
versus temperature (b) and DSC (c) curves of different samples

0.29 MPa and 7.46 MPa, respectively. On the other hand,
the TS and TM of PU was 0.16 MPa and 1.9 MPa, respec-
tively. The LF reinforcement increased the TS to 0.17 MPa,
which was improved further to 0.21 and 0.96 MPa for the
case of LFPY and LFPW.The TM of LFPU was decreased to
0.96 MPa, whereas the same was increased up to 4.7 and
12.7 MPa for the case of LFPY and LFPW. The elongation
at break (%) of LF, PU, LFPU, LFPY and LFPW was 11, 20, 32,
18 and 44%, respectively (Table 2).

The stress versus strain curves of the samples are pre-
sented in Fig. 5b. From the figure, it can be seen that the
PU shows the elasticity nature before it break down, with
a linear or flat response of stress in against of strain. The
highest stress was experienced by the LF. On the other
hand, the reinforcement of natural fiber showed the lowest
stress which was experienced by LFPU, showing the elastic
nature of the composite. While comparing with LFPY and
LFPW, the LFPY showed both the elasticity and the plastic-
ity. Finally, the LFPW showed a slow elastic nature which
ultimately sharply collapsed downward beyond the elastic
limit, leading to a permanent and irreversible deformation
[33, 34].

4.4 Water absorption

The water absorption performances of the samples are
presented in Table 3. NFs absorbed more water compared
to synthetic fibers and PU. Results analysis showed that the
LF, PU, LFPU, LFPY and LFPW absorbed 107, 22, 46, 118 and
102% of water. It is well-known that the NF is hydrophilic
whereas, glass fibers are hydrophobic, but results showed
that LFPY and LFPW showed the highest water absorption
and absorbed water amount was significantly high. This is
probably due to the structure of the formulated compos-
ites. A huge number of hollow inside can be seen in LFPY
and LFPW. The water molecules may be accumulated in
the void spaces. Therefore, the highest amount of moisture
was absorbed by the composites. It should be noted that
there was no compatibilizer used to formulate the com-
posites, therefore, the interface between matrix and fibers
were not strongly bonded, which led to higher amount of
moisture absorption by the composites (LFPY and LFPW).

Table 2 Elongation at break

(%) and thermal properties of Samples  Toreet (O Thax O Tao Q) T3 Q) Residue (%) T, (°C) io;z:r(ic()(;)
the samples
LF 236 81.3 2559 3329 28.5 87.3 11.06
PU 243 297.5 429.1 - 9.9 300.5 20.73
LFPU 253 294.0 435.6 - 17.8 302.6 3233
LFPY 245 2939 4413 - 233 3021 18.94
LFPW 253 297.7 438.9 - 222 303.0 44.53
SN Applied Sciences
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4.5 Sound absorption

The PU foam and glass wool have been widely used for the
sound-proof materials. They have been used in the vehicle
exhaust to trap excess sound to avoid any sound or noise
pollution. The sound absorption testing was performed
to study the presence or influence of fibers in the com-
posites. The sound absorption results are listed in Table 3.
Results analysis showed that the LF absorbed least amount
of sound at 9.97 dB, while the PU absorbed at 17.63 dB,

nearly twice of sound absorbed by LF. High or compacted
airflow resistance always produce a better sound absorp-
tion value and give difficulties for sound waves to pen-
etrate to through the materials. The LF showed the low-
est sound or noise absorption because the structure of
the luffa fiber have lots of holes/hollows that increase the
airflows and reduces the sound absorption capability.
Then, the surface of perforated PU foam allows the sound
waves to enter the interior, inside of the PU foam, thereby
decreased the sound reflection [35]. The surface of PU is
perforated but it doesn’t have much holes like luffa fiber.
The sound goes into the PU foam and the reflection was
decreased meaning that the sound was being absorbed.
On the other hand, the LFPU absorbed noise at 18 dB and
the LFPY absorbed noise at 21.3 dB. The most sound or
noise absorbed by the LFPY. The LFPW absorbed noise or
sound at 20.77 dB. Another factor influences the sound
absorption of the materials/composites is the density of
the composites. Glass fiber has a density of approximate
density 2.2-2.69 g/cm? which is the highest among other
materials used in this study [36]. The density of LFPU,
LFPY and LFPW was 1.52, 1.73 and 1.68 g/cm3, respec-
tively. The composites having higher density lead to more
sound absorption coefficient [37]. In this study, the LFPU.
LFPW and LFPY have a high density that can absorb more
sound than PU. The reflection of the porosity of density
can also affect their sound absorption coefficient value.
The sound absorption coefficient of LF, PU, LFPU, LFPY
and LFPW was 0.11,0.21, 0.22,0.27 and 0.26, respectively.
The porous micro-structured materials are preferable for
sound absorption in replacement of alternatively used
sound insulating materials. In addition, cell size of soft PU
foam also contributes in performing sound absorption
performance. Regarding this matter, utilizing fibers in PU
soft foam can change or reduced down the cell size, as
the reduced cell size also responsible for reduced sound
absorption coefficient [38].

4.6 Fire ignition analysis

From the ignition testing, different properties like fire-
catching, smoke preferences and time of continuation

Table 3 Water absorption,

d absorb df Samples  Water Sound Sound Sound absorp- Fire catch  Firetoash Smoke
soufn absor a;\c;z an rf absorbed  passed absorbed tion coefficient, a time (s)
performance of the samples (%) (dB) (dB)

LF 107.91 90.03 9.97 0.11 Instantly 20 Less
PU 22.05 82.37 17.63 0.21 Instantly 42 More
LFPU 46.52 82 18 0.22 Instantly 50 More
LFPY 118.71 78.7 213 0.27 Instantly 102 More
LFPW 102.57 79.23 20.77 0.26 Instantly 95 More
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of fire with ash content were determined. The results are
tabulated in Table 3. The durability and fire-resistivity
were analyzed for all the samples. It was found that all
the samples showed the similar nature in terms of fire
catching and smoke production, and they catch fire and
ignite instantly when the fire source was introduced to
the samples. It was noticed that the least smoke was
produced from LF. Then, the samples were tested for
the time taken for the continuation of the fire. It was
found that the LF had the shortest time as 20 s, followed
by PU as 42 s, LFPU as 50 s, LFPW as 95 s and LFPY as
102 s. This is because of the fact that the LF had not any
barrier that can protect it from direct fire, unlike other
samples. For LFPW and LFPY, the maximum time taken
for the fire to burn until they turned to the ash. They
were affected or manipulated by the presence of glass
fiber or glass wool. Fiber glass or glass wool acted as the
barrier before the fire could penetrated the composites,
which had multiple layers. These multiple layers could
be the factor why both composites need more time to
turn to ash than other samples. Heat from the fire source
needs to penetrate the layers before it can totally ignite

Fig. 6 SEM image of different
samples: a PU, b LFPU, ¢ LFPY
and d LFPW
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and burn the composites. Furthermore, the glass fiber
or glass wool also has high capability to resist the heat
to be transferred because of their high heat insulating
property. Form the observations, the LF burnt ordinar-
ily like as usual behavior of other dried ligno-cellulosic
biomass does. The PU burnt to black ash and melt from
the direct fire, whereas, the LFPU burnt from the inside
where luffa fiber placed in. On the other hand, LFPY and
LFPW burnt finely in shape with some hole appeared and
burnt at the part where they were directly exposed on
fire. Polyurethane foams produce more smoke than rigid
polystyrene, wood, wool and other natural fibers [39].
In addition, the high-density material produced more
smoke than low-density material [39]. The amount of
smoke production is listed in Table 3. It was found that
PU, LFPU, LFPY and LFPW produced more smoke than LF.
The fibers acted here as fire-retardant, released higher
amount of smoke due to their high density and high
value of limiting oxygen index [36, 39]. In addition, the
presence of diisocyanate was the main contributor to the
smoke and CO [40]. The flammability goes down if the
materials show a higher value of limiting oxygen index.
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(b)

Fig.7 SEM image of different samples: burned LFPY: a low magnifi-
cation and b high magnification

4.7 Surface morphology

The surface of PU, LFPU, LFPY and LFPW are shown in
Fig. 6a—d, respectively. It was clearly noticed that the
PU foam without fiber shows a number of hollows or
voids inside which are dully responsible for low sound
absorbance, whereas presence of fiber in it was found
to be occupied in the voids, which helped to get better
sound absorbance. A relatively less number of voids was
observed for the case of LFPU, LFPY and LFPW. Figure 7a,
b shows the micrograph of the surface of the composites
after the burning process occurred. The samples were con-
sidered only for LFPY, with low and high magnification.
The long-length of GF was observed with the burned and
squeezed surface of PU. The hollow voids and the intumes-
cent pores were formed, indicating the burst-out of the

layers of the polymers formed during the burning process.
The pore was created when the non-flammable gases are
generated from the materials. Generally, the compactness
and protective char layers of them can provide effective
thermal barrier to contribute the flame retardant charac-
teristics to the materials [41].

5 Conclusion

A comparative analysis was carried out among the natural
fiber and the synthetic fibers (glass fiver and glass wool)
for their suitability to be used as reinforcing agents for
PU-based foam for heat and sound-proof materials. Result
analysis showed that both the glass fibers can be used for
heat and sound insulation along with PU foam. The LFPW
showed slightly higher melting temperature than other
composites. The thermal stability and glass transition tem-
perature of glass fiber based composites increased signifi-
cantly by 10 °C and 58 °C, respectively. The incorporation
of glass fiber also increased the TS and TM by 500 and
668%, respectively. The LFPY and LFPU showed improved
performance in terms of sound absorption coefficient
(0.27 and 0.26) and fire resistivity. The surface morphology
of the composites reinforced with the glass fiber showed
more porous structure which helped to improve the sound
absorption and ignition properties.
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