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Abstract

Keywords

Background and aims: The use of natural kenaf fibers as a green and sustainable
material and due to its remarkable properties is known as a potential alternative Nanoparticles
to synthetic fibers in the composite industries. One of the effective approaches

Acoustic
to improve the properties of these fibers, especially in the face of fire, is creating
a nano-coating with inorganic materials on the surface of the fibers. In this Flammability
regard, this study was conducted with the aim of improving the flammability Natural fibers

and acoustic properties of natural kenaf fibers using mineral nanoparticles.

Methods: The present study is a cross-sectional experimental study on a
laboratory scale. Synthesis of ZnO-TiO, nanoparticles was by co-precipitation
method, which its properties were determined by using X-ray diffraction
(XRD), Energy-dispersive X-ray spectroscopy (EDX) and scanning electron
microscopy (SEM) analyzes. In this study, the flame retardant performance by
conical calorimeter, and the study of acoustic absorption (at normal angles)
in order to investigate the acoustic behavior of natural fibers was tested by
impedance tube based on the transfer function method and 1SO10534-2
standard.

Results: Based on the results, the time to ignition (T'TI) in the fibers with Accepted : 2022/02/05
ZnO-TiO, coating was almost doubled compared to the raw fibers. The total

burning time of nanoparticle-coated fibers increases from 471 to 870 seconds,

and the amount of carbon dioxide production in raw fibers with ZnO-TiO,

nanoparticles has decreased from 0.33 to 0.12. In addition, this type of fiber

had a higher sound absorption coefficient than raw fibers.
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Conclusion: Due to the outstanding benefits of kenaf fibers (economic and
environmental benefits) and the increasing use of these fibers as multifunctional
composites, the process of coating these fibers with nanoparticles is considered
a good approach to improve the thermal and acoustic properties.
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EXTENDED ABSTRACT

INTRODUCTION

Today, noise pollution, as one of the
environmental pollutants, has caused severe
health risks such as discomfort, tinnitus, sleep
disorders, or even ischemic heart disease. Hence,
noise control is very important. One of the most
effective technical-engineering methods for noise
control is the use of sound absorbers. The basis
of sound absorption control is that by increasing
the absorption coefficient of workplace surfaces,
the amount of reflected sound is reduced and as
a result, the overall noise is reduced. The use of
natural fibers in the fabrication of composites,
due to its outstanding properties such as
renewability, easy accessibility, low cost, high
strength properties, lightweight, low density,
low health and environmental hazards as well
as optimal properties (mechanical, thermal and
acoustics), have led to the increasing use of these
fibers as a potential alternative to synthetic fibers
in the composite industries. One of the most
widely used groups of natural fibers is kenaf
fibers. Today, the demand for the use of these
fibers in the manufacture of multifunctional
hybrid composites has increased. The use of
kenaf as a green and sustainable material, with
the low environmental impact on industrial
pollution, has led to the reuse of natural and
recycled materials in the industries. The common
principle of natural fibers is their natural origin
so that in terms of “energy consumption” and
health effects, we can expect much less impact
compared to synthetic materials. In addition,
natural fibers, such as kenaf fibers, are a type of
agricultural product or originated from other
production cycles , which have become the subject
of research in the field of noise pollution control.
Apart from the desirable properties mentioned
for this type of fiber, there are still limitations
and drawbacks to this group of fibers that limit
the possibility of using them as an alternative to
synthetic fibers in the fabrication of noise control
composites. It should not be overlooked that
natural fibers decompose severely in contact with
fire or other heat sources. This feature prevents
the use of these materials in high-temperature
conditions in industrial applications. In this
area, flame retardancy and resistance in natural
materials to develop and increase the practical
applications of natural fibers in sound absorption
are very necessary and significant. Currently,
many studies have been performed to improve
flame resistance in natural materials. One of the
reported effective methods is the formation of

surface coatings. Creating nano-coatings with
inorganic (mineral) materials on the surface of
wood materials is considered a potential and
promising method to increase fire resistance
due to its economic and practical aspects.
Nanotechnology has many applications in the
production of various materials that can reduce
weight, increase strength, increase surface area,
increase longevity, self-cleaning properties and
other properties. In recent years, nanomaterials
in the manufacture of sound absorbers and
insulators have grown exponentially due to their
unique properties. The choice of materials plays
an important role in the absorption and loss
of sound transmission in a structure. It can be
expected that the synergistic effects caused by
physical or chemical interactions between the
mineral coating and the fiber wood substrate will
be able to produce properties such as improving
thermal, mechanical, and dimensional stability.
According to the above-mentioned and the lack
of internal studies on the effect of nanoparticle
coating on the acoustic and thermal properties
of natural fibers, this study aimed to improve the
acoustic properties and ignition of natural kenaf
fibers using mineral nanoparticles (ZnO-TiO,).

METHODS AND MATERIALS
ZnO-TiO, nanoparticles Synthesis and coating on
natural kenaf fibers

The synthesis of ZnO-TiO, nanopowder
was by the co-precipitation method. First, Zn
(NO3),, Merck, and Ti(SO4), were dissolved
in distilled water in the same molar ratio, then
the precipitating agent was added dropwise to
the NaOH solution at 60 ° C and stired with a
magnetic stirrer until the pH reaches 9. In the
next step,the solution is stirred under the same
conditions for 4 hours. Then a filter was used
to separate water and solids and the precipitate
was washed with distilled water. After removing
the sodium impurities, the precipitate is dried
inside the oven at 100 ° C for 12 hours. Finally,
the precipitate is calcined in a calcination
furnace at 500 °C, and ZnO-TiO, nanopowder
is obtained. In the last stage, natural kenaf fibers
are impregnated by ZnO-TiO2 nanoparticles
with a concentration of 5/ and transferred to the
laboratory for chemical analysis tests before and
after coating.

Characterize of compounds
To record the X-ray diffraction (XRD) in this
study, the Philips PW 1800 XRD device was used.
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Diffraction patterns were reported using a CuKa
lamp with a wavelength (A) of 1.554 angstroms
in the angle range (0) of 10-70. The phases in
each model were determined by comparing the
angle and intensity of diffraction peaks based on
the information contained in the standard cards.
Furthermore, Energy Diffraction X-Ray Analysis
(EDX) and surface morphological examination
of nanoparticles were performed by FE-SEM
TESCAN MIRA3.

Cone calorimeter

The cone calorimeter test is one of the most
important tests on a laboratory scale to investigate
the flame retardant properties of various products.
The cone calorimeter testisadevice for theignition
test that measures the inherent flammability of
a substance by consuming oxygen. In this test,
the sample with standard dimensions is placed
on a weighing scale so that its mass reduction is
recorded during combustion. During the test, the
material is under irradiated and an electric spark
starts combustion, and the sample is subjected to
a specific heat flux (10-100 kW / m2). The basis
of the work is to measure the rate of reduction of
oxygen concentration in fuel gases. The data are
recorded in the first 250 seconds and the released
heat from the energy consumption during
combustion is calculated. Combustion gases
are absorbed by the centrifugal fan and hood.
Concentrations of oxygen, carbon monoxide,
and carbon dioxide as well as the density of the
produced smoke in the exhaust are measured.
The heat released per unit area and time unit
is calculated by the oxygen concentration and
gas rate. In this study, a conical calorimeter test
was used to perform a fire inhibitory test in
both samples of natural kenaf fibers before and
after ZnO-TiO, nanoparticles coating with a
certain thickness and density (thickness 30 mm
and density 200 kg/m?). The dimensions of the
samples according to the standard were 100*100
mm? and the amount of radiation was 50 kW / m?
(equivalent to 757 °C).

Sample preparation and determination of sound
absorption

The samples were made in an aluminum mold
according to the dimensions of the impedance
tube (inner diameters of 10 and 3 c¢cm) and
thickness of 3 cm and constant density of 200
kg / m?®. All samples were placed at a laboratory
temperature for 72 hours after molding to allow
the moisture to dry completely.

y
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In this study, the sound absorption coefficient
at normal incidence angle was measured by
impedance tube model 477 based on the transfer
function method and I1SO10534-2 standard.
In this device, sound waves are generated by
a sound source in the tube. By measuring the
acoustic pressures at two fixed locations using
microphones mounted on the tube wall and
calculating the mixed acoustic conversion
function, the sound absorption in the vertical
collision mode and the impedance ratios of the
adsorbent material are calculated and measured.
Figure 1 illustrates the steps from the sample
preparation process along with the experimental
testing. Figure 2 shows the experimental setup
for the measurement of the sound absorption
coefficients.

RESULTS AND DISCUSSION

In this study,the SEM cross-section, which
was taken from natural fibers before and after the
coating, was surveyed. After analyzing the SEM
image of the cross-sectional area after coating
and comparison with raw fibers (without coated),
it is quite clear that the surface of natural fibers
including its vessels is densely covered by ZnO-
TiO, nanoparticles. It is quite clear that the surface
and cavities of natural fibers are completely
covered by ZnO-TiO, particles. Based on these
images, the size of ZnO-TiO, nanoparticles is
about 80 to 200 nm. The elemental composition
of natural fiber panel samples before and after
coated with ZnO-TiO, nanoparticles was
analyzed based on the EDX spectrum strong
peaks of about 0.1, 4.6, and 8.7 kV. The analysis
confirms the presence of zinc and titanium ,
which are related to the mineral element on
the natural fiber panel after coating with the
Nanoparticle. The Au element is related to the
coating that is applied to view the SEM image.
In addition, the oxygen and carbon elements are
related to the wood panel bed of natural fibers.
X-ray analysis is for studying the crystalline
phase of natural fiber panel samples without
and coated with ZnO-TiO2 nanoparticles. In
the XRD pattern, new strong diffraction peaks
are observed in the fiber coated with ZnO-TiO2
nanoparticles compared to raw fibers. According
to the standard diffraction peaks of wurtzite ZnO
and anatase TiO,, all these diffraction peaks can
be related to wurtzite ZnO and anatase TiO,. This
means that the ZnO-TiO, coating is successfully
coated on the natural fiber panel substrate during
the co-deposition method.
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Figure 2. Schematic diagram of the acoustical measurement system

The cone calorimeter is the most important
and acceptable laboratory flame test, the results
of this test are also well related to the results
of real-scale tests. The measured parameters
by the cone calorimeter analysis are given in
Table 1 for each optimized acoustic absorber
(Thickness 3 cm and density 200 kg / m3) taken
from natural hemp fibers with and without ZnO-
TiO2 nanoparticle coating. The time to ignition
(TTI) is one of the most important parameters
to assess the fire resistance of wood and cellulose.
The longer TTI time, the greater the fire delay
power. In natural kenaf fibers, the TTI time
before and after ZnO-TiO, nanoparticles was
8 and 17 seconds, respectively (Table 1). The
results of this study showed that the TTI time
in ZnO-TiO, coated fibers is about 2 times in
comparison with raw fibers. For raw kenaf fibers
(without nanoparticle coating), the Heat Release

Iran Occupational Health. 2022 (01 June);19: 11.

Rate (HRR) curve was sharp, which means that
the raw natural kenaf fiber sample burns quickly
and releases heat. However, the HRR curve of
natural fibers coated with ZnO-TiO2 was much
smoother and relatively lower, which indicating
that the intensity of combustion and heat release
was slowed down. The total burning time of
wood with ZnO-TiO, coating was twice as long
as natural raw kenaf fibers. The total amount of
heat released for samples coated with ZnO-TiO,
nanoparticles was less than for samples of natural
raw fibers. By adding ZnO-TiO, nanoparticles to
natural kenaf fibers, it has reduced the total heat
release rate by about 507..

Most lignocellulosic fibers, as organic matter,
are very sensitive to fire. Therefore, it is important
to improve their flame retardancy to comply
with safety requirements. A flame retardant is a
compound or mixture of compounds that used
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Table 1. Natural fiber cone calorimeter test with and without ZnO-TiO2 nanoparticles coating

Parameters

Initial mass (g)

Mass drop at the end of the test (g)

Final mass at the end of the test (g)

Sample thickness (mm)

Sample diameter (mm)

Bulk density (kg/m?)

The time to ignition (s)

Flame extinguishing time (s)

Test duration for calculations (s)

Total Heat Release Rate (M]/m?)

Maximum Heat Release Rate intensity (kw / m2)
Time to reach maximum Heat Release Rate intensity (s)
Average carbon monoxide production (g/s)
Average carbon dioxide emissions (g/ )

Kenaf fiber
Without Coating with coating
56.23 56.70
40.12 39.15
16.11 17.09
30 30
100 100
200 200
8 17
471 870
471 870
42.95 23.80
158 297
12 23
0.0048 0.0017
0.33 0.12

to prevent fire or fire growth when physically or
chemically added to fibers. On the other hand,
one of the important features of nanoparticles
is their high degree of crystallization due to the
removal of amorphous parts, which can act as
a barrier against heat transfer. Consequently,
the resulting composite begins to melt at higher
temperatures. As the crystal structure increases
at the surface of natural fibers, more heat is
required to melt the samples. Several studies in
agreement with the present study results have
shown that nanoparticles, due to their nucleating
properties, accelerate the crystallization process
and thus slow down the heat transfer and
increase the melting temperature in composites.
Moreover, according to the ASTMC423 standard,
after the nanoparticles coated on kenaf fibers, the
average sound absorption coefficient of natural

kenaf fibers was increased. Therefore, the fibers
coated with nanoparticles have a higher sound
absorption coefficient than the raw fibers.

CONCLUSION

Finally, it can be said that the modification
of fibers by nanoparticles has been effective in
improving the ignition and acoustic properties
of natural kenaf fibers. The results of the
present study confirm the effect of ZnO-TiO,
nanoparticles in improving the properties of
hemp fibers. It is nessary to note that due to the
outstanding benefits of natural fibers (economic
and environmental benefits) and increasing the
use of these fibers as multifunctional acoustic
composites, the process of coating fibers with
nanoparticles is a good way to improve the overall
properties of composites.
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