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modify jute fiber, which was then subjected to thermogravimetric analysis. The modified fiber’s
thermal decomposition temperature was found to be 271 °C, enhancing the composite’s thermal
stability. The study also investigated how different jute fiber content affected the mechanical and
sound absorption properties of composite materials. Results showed that jute fiber composites
had better mechanical properties than pure polypropylene materials, and the average sound
absorption coefficient of jute polypropylene composites increased with fiber content. Adding jute
fiber to polypropylene effectively improved the sound absorption and noise reduction perfor-
mance of the material. The average sound absorption coefficient of the composite material at a
mass content of 20 wt% was 120 % higher than that of the polypropylene matrix material.

1. Introduction

With the rise of environmental awareness in society, hemp fiber composites, which are widely sourced, lightweight, inexpensive,
environmentally friendly, and naturally degradable, are gaining increasing attention in the automotive and other industries [1]. Hemp
fibers have natural plant cavities and multi-scale structures, offering superior sound absorption performance compared to synthetic
fibers. Therefore, their composites have significant advantages in sound absorption, noise reduction, and thermal insulation [2].
Compared to glass fiber reinforced plastic parts, hemp fiber composite molded products have a lower density and consume less energy
during use. Additionally, they have lower hardness, do not produce sharp fragments upon breakage, and do not cause skin and res-
piratory allergies like glass fibers, making them safer. Thus, the development and application of hemp fiber composites are of great
significance to the automotive industry, which demands green, lightweight, safe, and comfortable materials [3,4].

Jute fiber offers several advantages, including excellent performance, affordability, and energy conservation, as well as environ-
mental protection. Due to the superior stiffness and strength of jute fiber-reinforced resin composites compared to traditional resin
materials, they play an important role in the lightweight, energy-saving, and environmental protection of automobiles [5]. However,
jute fibers have poor temperature resistance, and the molding temperature for preparing jute fiber-reinforced resin composite ma-
terials is 180 °C. At this temperature, the jute fibers undergo thermal decomposition, which results in a loss of quality and defects in the
performance of the prepared materials. Furthermore, the adhesion between jute fiber and polypropylene is poor [6]. In order to
enhance the interface compatibility and overall performance of fiber-reinforced polymer matrix composites, both domestic and foreign
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scholars have proposed a range of natural fiber modification methods. These methods include cleaning with sodium hydroxide or a
potassium permanganate aqueous solution [7-10]. Kabir M. M et al. investigated the use of alkaline treatment on natural plant fibers to
separate fiber bundles into smaller fibers and increase the fiber surface area [11-13]. This process enhanced the mechanical properties
of fiber-reinforced polypropylene composites. Veronica et al. conducted a study on amino silicone oil and discovered its favorable
high-temperature resistance, low surface tension, excellent film-forming capabilities, and its non-toxic, environmentally friendly, and
sustainable nature [14]. Due to its excellent properties, it is commonly used as a modifier in fiber-reinforced polypropylene composites
[15].

Domestic and international experts and scholars have conducted extensive research on the combined modification treatment of
various materials [16-19]. However, there is limited research on the sound absorption and noise reduction properties of natural fiber
composite materials. In automotive interior materials, the sound absorption and sound insulation performance directly affect driving
comfort. Fibers have a good sound absorption effect.

Adding plant fibers to chemical materials, such as polypropylene, produces materials with excellent noise reduction performance.
Luo et al. [20] utilized natural plant fibers as additives to fabricate composite materials and conducted tests on sound absorption and
noise reduction. Experimental results have shown that incorporating natural plant fibers can significantly enhance the sound ab-
sorption and noise reduction capabilities of the material in comparison to the original substrate.

There is a relative lack of research on the sound absorption and noise reduction characteristics of composite materials, as well as the
thermal stability analysis of modified jute fibers. Therefore, this study prepared treated and untreated jute fibers with amino silicone
oil and conducted surface microstructure analysis, thermogravimetric testing, and other research aspects to investigate the effec-
tiveness of amino silicone oil treatment in enhancing the thermal stability of the fibers. Different composite materials with varying jute
fiber contents were also prepared to investigate the influence of different jute fiber contents on their mechanical properties, as well as
their sound absorption and noise reduction performance.

2. Materials and methods
2.1. Materials

The raw jute fibers are cleaned to remove surface dirt and impurities, then placed in a drying oven for heating and drying. The
drying time is 6 h, and the drying temperature is between 90 and 110 °C. The dried jute is then soaked in an emulsion and subjected to
ultrasonic vibration for a period of time to ensure thorough interaction between the emulsion and the jute fibers. After this, the jute
fibers are dried and set aside for later use. Additionally, an equal amount of clean, dry, unmodified jute fibers is prepared for com-
parison. First, the dried jute fibers and polypropylene are fed into an extruder (model: TDS-300) in the required proportions. The jute
fibers are fed through the traction section of the machine, while the polypropylene pellets are added through the hopper. Under
specific temperature conditions and a twin-screw rotation speed of 50 r/min, with a melt pressure of PV1.6 MPa and SV12.0 MPa, and a
main motor current of 15A, a cylindrical jute fiber-reinforced polypropylene composite material is extruded from the machine head.
After cooling and shearing, composite materials with different jute fiber mass fractions are prepared, with mass fractions of 0 %, 5 %,
10 %, 15 %, and 20 %. The main chemical materials for the surface modification solution of the jute fibers are listed in the Tables 1 and
2 below.

The test specimens for the bending test, sound absorption and noise reduction test, and tensile test are shown in Fig. 1, respectively.

2.2. Methods

2.2.1. Thermogravimetric analysis

Thermogravimetric analysis (TGA) is one of the methods used to study the thermal stability and composition of materials. In this
paper, a constant pressure variable temperature analysis method was employed using a simultaneous analyzer (NETZSCH STA449C,
Germany) to test treated and untreated natural hemp fibers in an argon environment. The testing standard followed was BS EN ISO
11358-1997 "Plastics. Thermogravimetric analysis of polymers.” The experimental procedure involved placing a crucible containing
the sample on a thermal balance. Gas was introduced, and the initial mass was recorded. The program temperature was set to gradually
increase the temperature of the treated and untreated hemp fibers from room temperature (23 °C) to 600 °C at a heating rate of 23.2 K/
10.00 min, ensuring that the thermal analysis curve eventually reached a stable state. The surface observation of jute fibers was
conducted using a scanning electron microscope (JSM-5610) to analyze the surface morphology of the jute fibers before and after
treatment.

Table 1

Main materials for jute fiber surface treatment solution.
Material Supplier Grade
Jute Changsha Zhongnong Institute Industrial
Amino Silicone Oil Zhuangjie Chemical Co., Ltd. Industrial
Anhydrous Ethanol Sinopharm Group Sinopharm Group
n-Butanol Sinopharm Group Sinopharm Group
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Table 2

Extrusion-injection molding processing equipment.
Name Company Mode
Precision Balance Shanghai Guangzheng Medical Instrument Co., Ltd. YP1002
Electric Blast Drying Oven Shanghai Experimental Instrument Factory Co., Ltd. 101
Granulator Nanjing Yuesheng Extrusion Machinery Co., Ltd. TDS-30D
Injection Molding Machine Zhejiang Jinying Plastic Machinery Co., Ltd. GEK80
Plastic Pelletizer Kehao Plastic Machinery Factory 180
CNC Ultrasonic Cleaner Kunshan Ultrasonic Instrument Co., Ltd. KQ-300DB

Fig. 1. Size of specimens: (left)Bending test specimen.(middle)Sound absorption test specimen. (right)Tensile test specimen.

2.2.2. Mechanical tests

Mechanical testing was conducted using a WDW20 electronic universal testing machine (Changchun New Testing Machine Co.,
Ltd.). Tests were performed three times at room temperature, and the average value was taken. The tensile performance test was
carried out according to GB/T 1447-2005 "Test Method for Tensile Properties of Fiber-Reinforced Plastics.” The testing method
involved placing the specimen of specified dimensions on the operating table of the electronic universal testing machine, loading it
slowly and uniformly until the specimen broke. The machine was then turned off, and the maximum load value at the time of breakage
was recorded. The bending performance test was conducted according to GB/T 1449-2005 "Test Method for Bending Properties of
Fiber-Reinforced Plastics.” The testing method involved placing the specimen of specified dimensions on the operating table of the
electronic universal testing machine, with the center indenter of the machine pressing down at a speed of 2 mm/min. The indenter and
supports were kept parallel.

2.2.3. Transfer function measurement method
The transfer function measurement method is used to calculate the sound absorption coefficient of acoustic materials by obtaining
the reflection coefficient from the sound pressure collected by two microphones in front of the sample [21,22], as shown in Fig. 2.
The test principle of transfer function method is shown in formula (1), where P; is the base plane (the amplitude of P; on x = 0; Pr is
the amplitude of P on the datum plane (x = 0); k¢ is the complex wave number.,

P, = p;elox
P = Pekox

@

Let the distance between the two microphones and the material be x; and xg, then two The sound pressure P; and P, at the
microphone position are calculated by formula (2), respectively.

Py = Pkt 4 pethoxi
_ jkox: —jkox: (2)

Pz_Pieloz_;’_pre]oz

Where P; and Py are the amplitudes of the incident and reflected sound waves, respectively, at the reference plane (x = 0); ko is the

complex wave number; x; and x; are the distances from the material to the microphones; P; and P, are the sound pressures at the

microphones.

1-Microphone-A; 2-Microphone-B; 3-Test sample

Fig. 2. Diagram of transfer function measurement method.
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In formula (3) the transfer functions for the incident wave and reflected wave are denoted as H; and Hy, respectively.

H = & — eiko(xl —X2)
Py
P 3
H, = IR _ piko(x1—x2)
P2R

In formula (4) since Pg = rP; (r is the normal reflection factor), the transfer function of the total field, Hi> , can be calculated using
Equation (2):

P, dkoxz 4 peikox:

Hha =, = g 4 reon @
In formula (5) based on the expressions for H; , H, and Hj, , r can be obtained.
H12 - HI ezjk()xl (5)

~ Hp —Hipp

In formula (6) expression for the normal incident sound absorption coefficient a can be derived, allowing for the calculation of the
sound absorption coefficient.

a=1-r]? (6)

2.2.4. Sound absorption and noise reduction experimental test system

Currently, there are two methods for measuring sound absorption and noise reduction: the reverberation chamber method and the
impedance tube method. In this experiment, the impedance tube method was used to test the sound absorption coefficient of the
prepared plant fiber composite materials, as shown in Fig. 3.

A stable white signal source was outputted from the computer to the TP60 power amplifier. The amplified white signal was then
transmitted to the AFD1000 impedance tube, where the built-in speaker emitted sound waves. The M370 pressure sensor detected the
internal sound wave signal in the impedance tube and transmitted it to the data collector. Finally, the AFD1001 analysis software was
used to calculate the sound absorption coefficient of the materials. This experiment tested and analyzed composite materials with
varying jute fiber contents. The experimental setup is shown in Fig. 4.

3. Results
3.1. Thermogravimetric analysis

Thermogravimetric analysis was used to investigate the thermal properties of jute fibers treated with amino silicone oil and un-
treated jute fibers.

The thermal decomposition temperature of jute fibers is 150 °C. As shown in Fig. 5, the TG curve of jute fibers indicates that the
untreated jute fibers experience a weight loss rate of 6.5 % at 150 °C, whereas the jute fibers treated with amino silicone oil exhibit a
weight loss rate of 6.5 % at a temperature of 271 °C. The jute fibers treated with amino silicone oil have an increased charring
decomposition temperature of 121 °C compared to untreated jute fibers. This is because the active hydroxyl groups in jute fibers react

I Computer

—

Powrer amplifier

= —a — . —

il

Impeadance tube

Fig. 3. Schematic diagram of sound absorption and noise reduction experimental test system.
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Fig. 4. Composition of sound absorption and noise reduction experimental test system.
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Fig. 5. Thermogravimetric analysis test result graph.

with the amino groups in amino silicone oil, which reduces the hydroxyl value of natural fibers and alters their water absorption
properties from hydrophilic to hydrophobic. As a result, jute fibers absorb less moisture in the air. Therefore, the loss of moisture mass
is reduced during heating. Additionally, amino silicone oil can form a protective film on the surface of jute fibers, enhancing their heat
resistance and consequently raising the thermal decomposition temperature of the fibers.

As shown in Fig. 6 untreated jute fibers have a rough and uneven surface with more impurities. In contrast, Fig. 7 depicts jute fibers
treated with amino silicone oil. After treating the jute fibers with amino silicone oil, the impurities on their surface are eliminated. This
is because the amino silicone oil dissolves the small organic impurities, effectively removing any fine impurities. Additionally, a thin
film of amino silicone oil is formed on the surface of the fibers [23,24], which effectively enhances the thermal stability of the fibers

¥ J
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Fig. 6. SEM image of untreated jute fiber surface.
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84800 5.0kV 10.3mm x2.00k SE(U)

Fig. 7. SEM image of treated jute fiber surface.
internally.
3.2. Mechanical tests

Fig. 8 shows strength performance is a measure of a material’s resistance to external forces. As shown in Figure, the jute fiber-
reinforced polypropylene composite material with a fiber content of 20 wt% exhibits an increase in tensile strength and bending
strength of 51.4 % and 37.97 %, respectively, compared to pure polypropylene material. As shown in Fig. 8(left), the tensile strength of
the composite materials with fiber contents of 5 %, 10 %, 15 %, and 20 % is 21.3 MPa, 23.2 MPa, and 34.5 MPa, respectively, which is
higher than that of pure polypropylene material (17.9 MPa). As shown in Fig. 8(right), the bending strength of the composite materials
with fiber contents of 5 %, 10 %, and 15 % is 35 MPa, 37.4 MPa, and 38 MPa, respectively, which is higher than that of the original
material (29.5 MPa).

Fig. 9 shows the cross-sectional morphology of the jute/polypropylene composite material, indicating a strong adhesion between
the jute fibers and polypropylene. When subjected to stress, the stress is transferred from the matrix to the fibers. The strength of jute
fibers is much higher than that of polypropylene, thereby enhancing the mechanical performance of the material.

The elastic modulus is a fundamental property that reflects a material’s ability to resist deformation under stress. As shown in
Fig. 10(a), the performance results of the elastic modulus for different fiber contents are presented. When the fiber mass fraction is 0 %,
5 %, 10 %, 15 %, and 20 %, the elastic modulus is 1.352 GPa, 1.52 GPa, 1.646 GPa, 1.78 GPa, and 1.952 GPa, respectively. It can be
observed that the addition of jute fibers effectively enhances the elastic modulus performance of polypropylene. The jute fiber-
reinforced polypropylene composite material, with a fiber content of 20 wt%, has an elastic modulus that is 44.38 % higher than
that of pure polypropylene material. Due to the relatively high elastic modulus of jute fibers, incorporating them into the matrix
effectively enhances the overall elastic modulus. Furthermore, the higher the jute fiber content, the greater the improvement in
performance.

As shown in Fig. 10(b), the elongation of the fracture in the composite materials decreases as the fiber content increases. This is
because jute fibers are rigid and brittle materials, and a higher fiber content makes the composite material more brittle [21].

3.3. Sound absorption coefficient

When sound waves encounter obstacles, some of the waves will transmit through the object, some will be reflected, and a small
portion will be converted into thermal energy. The sound absorption performance is not only related to the properties of the material
itself but also to the wavelength of the sound wave. In engineering applications, the average sound absorption coefficient of a material
is determined by measuring its absorption at six frequencies: 4000Hz, 2000Hz, 1000Hz, 500Hz, 250Hz, and 125Hz. This average value
is commonly referred to as the material’s average sound absorption coefficient [25]. Fig. 11 shows the sound absorption coefficient at
various fiber contents and sound wave frequencies. At the same frequency, a higher fiber content results in a greater sound absorption
coefficient, leading to improved sound absorption and noise reduction effects.

As shown in Fig. 12, the average sound absorption coefficients of the composite materials with jute fiber contents of 5 %, 10 %, 15
%, and 20 % are 0.2675, 0.3003, 0.3895, and 0.4435, respectively. These values are 32.7 %, 49.0 %, 93.2 %, and 120.0 % higher than
the average sound absorption coefficient of pure PP material (0.2016). The average sound absorption coefficient increases with an
increase in jute fiber content. The jute plant fibers have a central channel called the “cell lumen,” which transports nutrients through
the plant’s cell wall. Each jute fiber cell wall consists of the middle lamella, primary wall, and secondary wall, which can be further
divided into the outer layer, middle layer, and inner layer [26,27]. When sound waves enter the jute fiber-reinforced resin composite,
some of the sound waves are reflected, while others penetrate into the interior of the plant fibers. The sound waves that enter the
interior of the fibers cause them to vibrate. This vibration leads to friction between the fibers and between the fibers and the matrix. As
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Fig. 8. Tensile mechanical properties with different fiber contents: Tensile strength(a) and Bending strength(b).
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Fig. 9. SEM image of the cross-section of the composite material.

140

=

24 (b)
0 120F
t 20 : . g
8 %7 ’ @ o1
6 16 77 Z 2.
= ! S s}
5] = 7
% 12 E" 60
= g i
w o x
T L
Pl 0.8 ?\.. a0 :
S~ .8
s 2
04 20 b
0.0 0 [ ]
] 5 10 15 20 0 5 10 15 20
Fiber mass content/% Fiber mass content/%

Fig. 10. Tensile mechanical properties with different fiber contents: Elastic modulus(a) and Fracture elongation(b).

a result, viscous resistance is formed, converting sound energy into thermal energy and ultimately reducing the sound. At the same
time, multiple reflections and refractions occur between the fiber-matrix interface and within the fibers, which further attenuate the
sound energy. On the other hand, compared to pure PP material, jute fibers have plant tissue pores and fiber cavities, making it easier
for sound waves to transmit through the material [28]. Therefore, the fiber-reinforced composite material enhances its sound ab-
sorption coefficient.

4. Conclusions

In conclusion, the mechanical properties of polypropylene composite materials with added jute fibers improve with increasing fiber
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content. Yellow jute fibers treated with amino silicone oil exhibit a 121 °C increase in char decomposition temperature compared to
untreated jute fibers, effectively raising the fiber’s carbonization temperature and expanding the potential applications of yellow jute
fibers in various fields and products. The average sound absorption coefficient of yellow jute polypropylene composite materials
increases with the fiber content. Adding jute fibers to polypropylene effectively enhances the material’s sound absorption and noise
reduction performance. At a mass fraction of 20 wt%, the average sound absorption coefficient of the composite material is 120 %
higher than that of the polypropylene base material. Jute fibers, when applied in composite materials with thermoplastic resin as the
matrix, offer advantages such as high modulus and strength, long continuity, light weight, good reprocessing performance, and
biodegradability. The resulting composite materials have broad application prospects in industries such as packaging, automotive,

construction, and home furnishings.
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