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Abstract— This research aimed to study the sound absorption 

properties of natural fibers and their reinforced composites. 

Sound absorption coefficients of three types of natural fibers, 

i.e., ramie, flax and jute fibers and their composites were 

measured by the two-microphone transfer function technique 

in the impedance tube. The results were compared with 

synthetic fibers and their composites. It was found that both 

natural fibers and their composites had superior capability of 

noise reduction. The multi-scale and hollow lumen structures 

of natural fibers contributed to the high sound absorption 

performance. Moreover, the sound absorption properties of 

these natural fibers were also calculated by the Delany-

Bazley and Garai-Pompoli models.it also tells us how natural 

fiber reduces sound and as well as noise pollution. Eco-

friendly green/ biocomposites were fabricated from chopped 

hemp fiber and cellulose ester biodegradable plastic through 

two process engineering approaches: powder impregnation 

through compression molding (process I) and extrusion 

followed by injection molding (process II). Cellulose ester, 

e.g. cellulose acetate (CA) plasticized with 30 wt% citrate 

plasticizer (CAP) was used as the matrix polymer for bio 

composite fabrication. Intimate mixing due to shear forces 

experienced in process II produced superior strength bio 

composites over their counterparts made using process I. Bio 

composite fabricated through process II containing 30 wt% 

hemp natural fiber showed an improvement of storage 

modulus by 150% over the virgin matrix polymer. The 

coefficient of thermal expansion of the said bio composite 

decreased from the CAP polymer by 60% whereas the heat 

deflection temperature improved by 30% versus the virgin 

bio plastic, indicating superior thermal behaviour of the bio 

composite. Plasticized cellulose acetate is proved to be much 

better matrix than non-polar polypropylene (PP) for hemp 

fiber (HF) reinforcements because of the better interaction of 

polar cellulose ester with the polar natural fiber. Fabricated 

through process II and with same content of hemp (30 wt%) 

the CAP-HF based bio composite exhibited flexural strength 

of 78 MPa and modulus of elasticity of 5.6 GPa as contrast to 

55 MPa and 3.7 GPa for the corresponding PP-HF based 

composite. The experimental findings of tensile modulus of 

the bio composites are compared with the theoretical modulus 

using the rule of mixture. The fiber-matrix adhesion is 

evaluated through environmental scanning electron 

microscopy studies.  
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I. INTRODUCTION 

In this Investigation, the influence of two kind of polymers 

(Urea-formaldehyde and Polypropylene) mixed with natural 

fibre (Kenaf) were studied for their sound absorption 

coefficients. Four samples were made; Samples A1 and A2 

are made of Kenaf core fibre with adhesive of high emission 

Urea-formaldehyde resin (HN 100) with 51.6 % solid 

content. The fabrication of the particle board was done using 

a hot press for 6 minutes under the pressure of 40 Ton at 

1800C for different fibre lengths 1 mm (Sample A1) and 0.6 

mm (Sample A2) with weight fraction of 80%. Sample B1 

and B2 are made of Kenaf core fibre with polypropylene 

matrix materials with coupling agent of polyvinyl alcohol. 

The fabrication of the sample was done using hot press for 30 

minutes under the pressure of 1000 Psi at 1800C for different 

lengths of 1 mm (Sample B1) and 0.6 mm (Sample B2) with 

weight fraction of 20%. The sound absorption coefficients of 

samples were measured according to American society for 

Testing Materials (ASTM E1050 10) two microphone 

method. It is evident that type of polymer influences the 

sound absorption coefficients. It is clearly undeniable that the 

development of global industry, science and technology has 

considerably raised the quality of life. However, this process 

also simultaneously leads to numerous problems, especially 

environmental issues and human’s health. Every day, billions 

of people throughout the world have to face with many 

unpleasant effects such as: air pollution, water pollution and 

so forth. Beside these, noise pollution is also seriously 

influencing human’s life as well, particularly the lives of 

city’s dwellers. Noise pollution stems from a variety of 

sources. This may be the results of industrial processes or 

from the daily life’s activities. Sound absorption constitutes 

one of the major requirements for human comfort today. 

Sound insulation requirements in automobiles, 

manufacturing environments, and equipment, generating 

higher sound pressure drive the need to develop more 

efficient and economical ways of producing sound absorption 

materials.  

Industrial applications of sound insulation, generally 

includes the use of materials such as glass wool, foam, 

mineral fibres and their composites. In certain years many 

studies has been carried out to develop new technology and 

sound absorbing materials and as the problem of sound 

pollution has increased thus these lightweight, thin, good 

sound absorbing materials are made. Recently, polymer has 

been extensively applied for absorption of sound and 

reduction of noise, whose attractive characteristics include its 

excellent viscoelasticity, relatively simple processing, and 

commercial availability. A porous laminated composite 

material manufactured by lamination, preheating and 

moulding of premix, exhibits a very high sound absorption 

property in the frequency range 500–2000 Hz. 

II. MATERIALS 

Natural fibres are low-cost, lightweight and environmental 

friendly compared to glass fibre and mineral based synthetic 

materials. Moreover, natural fibres are sustainable, i.e. a 

resource produce for the needs of present without affecting 

the future needs. In addition, these natural materials are bio-
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degradable, nonabrasive, abundance and having less health 

and safety risk while handling and processing. D'alessandro 

and Pispola measure sound absorbing panels made of Kenaf 

and blankets of recycled polyester (PET) fibres. Both samples 

were tested in reverberation chamber, acoustic properties of 

both samples are good at frequency range between 1000 Hz 

to 5000 Hz with the average of 0.8. Yang et al. utilized rice 

straw to become insulation boards to overcome lacking of 

solid woods in wood-industry. The rice straw was mixed with 

commercial binder to have certain shape and strength. The 

absorption coefficient is found to be on the average 0.5 

between 1000 Hz to 8000 Hz. Sound absorption characteristic 

values of rock wool were measured and found to be similar 

to glass fibre .From the view of environmental protection, 

natural bamboo fibres were used for sound absorbing 

purposes. Impedance tube measurement of the bamboo fibre 

samples, reveal similar properties to that of glass wool. 

Composite boards of random cut rice straws and wood 

particles, were found to demonstrate higher sound absorption 

coefficient than particleboard, fibreboard and plywood for the 

frequency range of 500–8000 Hz. Khedari et al. (2004) has 

developed particle composite boards from agricultural waste 

products using combinations of durian peel and coir fibre 

straw particles instead of wood as an insulation board in 

wooden construction industry. Coconut coir fibre compressed 

into bales and mattress sheet was found to demonstrate good 

sound absorption coefficient. When compared to a single 

layer, multi-layer coconut coir fibres with airspace layers 

increase the absorption coefficient of the material at lower 

frequencies. Lee and Chen (2001) reported that the acoustic 

absorption of multi-layer materials is better with perforated 

plate backed with airspaces. Ersoy and Kucuk have 

investigated with three different layers of tea-leaf fiber waste 

materials with and without backing provided by a single layer 

of woven textile cloth were tested for their sound absorption 

properties. 

III. METHODS 

Preparation of composites is divided into two stages, namely 

the preparation of Thermoset polymer matrix reinforced with 

kenaf natural fibre composites (Sample A1 and A2) and 

preparation of Thermoplastic polymer marix reinforced with 

kenaf natural fibre composites (Sample B1 and B2).The 

preparation of Sample A1 with fibre length of 1 mm and A2 

fibre length of 0.6 mm as follows,The kenaf fibre, urea 

formaldehyde and hardener were weigh to the correct 

composition. First the urea formaldehyde was mix with the 

curing agent and water to completely dissolve the mixture. 

Then the mixture was transfer to a bottle to be used in a spray 

gun. The spray gun and a rotary drum mixer are used to 

ensure that the adhesive are evenly mixed with the kenaf 

fibre. The process will take about 15 to 20 minutes. After the 

mixing process, the mixture was transfer to a 30cm X 30 cm 

X 25 mm box mould made of wood. Then, the mixture was 

compress to shape the composite. The mould was then 

removed from its position. The composite was relocated into 

a hot press machine which was preheated to 180°C. The 

pressure of the machine is initially set to 550 Psi for 2 

minutes. Then the pressure was gradually decreased to 300 

Psi and 150 Psi for 2 minutes respectively. After the process, 

the hot press machine was release and the composite was cool 

down to room temperature. Preparation of Sample B1 with 

fibre length of 1 mm and B2 fibre length of 0.6 mm as 

follows, The Polypropylene, kenaf fibre and coupling agent 

were weigh to the required proportion. The polypropylene, 

kenaf fibre and coupling agent are mixed and loaded into the 

mould of size 30cm X 30cm X 25 mm. The hot press is pre-

set at 1800C and at a pressure 1000 Psi, the mould is put under 

lower and upper Jaws of the hot press and loaded for 30 

minutes. After 30 minutes the mould was cooled by using 

water as the coolant. The resultant boards were trimmed to 

avoid edge effects and then cut into specimen size using CNC 

cutting machine according to required size. 

IV. RESULTS AND ANALYSIS 

The measurements were based on a two-microphone transfer 

function method according to ASTM E1050-10, which is for 

horizontally mounted orientation-sensitive samples. Figure 2 

shows the equipment used in the test and the test setup, this 

is home-made setup according to International standards. The 

sample was placed at the end of the impedance tube and 

backed by a rigid surface. Figure4 shows the variation of 

sound absorption coefficient against frequency for 4 different 

samples. It is evident that type of polymer influences the 

sound absorption coefficients. All the samples exhibited 

similar pattern of sound absorption at all frequencies. For all 

the samples, when the frequency increased, sound absorption 

coefficient also increased. Measured value shows not much 

significant differences between urea-formaldehyde and 

polypropylene in kenaf fibre reinforced composites on Sound 

absorption coefficient. The specimens made of kenaf fibre 

reinforced with polypropylene shows higher sound 

absorption coefficients compared with specimens made of 

Urea-formaldehyde. These polymers show the same reaction 

against sound waves over a wide frequency ranges. The 

sound absorption coefficients of the composites increased as 

the frequency increased. However, they decreased somewhat 

at a frequency of 1200 Hz and then increased again. This 

point of inflexion was due to the specific characteristic of 

kenaf fibre reflecting sound 1200 Hz, but absorbing sound in 

the low, middle and high frequency ranges. 

F (hz) 
Sample 

A1 

Sample 

A2 

Sample 

B1 

Sample 

B2 

300 011 .009 .0028 .0042 

400 .013 .010 .0046 .0038 

500 .021 .014 .0048 .0054 

600 .019 .022 .0058 .0064 

700 .025 .019 .0055 .0054 

800 .033 .028 .0285 .0284 

900 .036 .034 .0345 .0335 

1000 .027 .034 .0422 .0420 

1100 .025 .027 .0426 .0418 

1200 .041 .028 .0269 .0282 

1300 .048 .040 .0420 .0399 

1400 .054 .049 .0512 .0522 

1500 .048 .052 .0695 .0668 

1600 .048 .047 .0674 .0694 

1700 .063 .050 .0657 .0652 

1800 .054 .066 .0715 .0819 

Table 1: frequencies of different samples 
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Fig. 2: diagram of the experimental setup and specimen 

 
Fig3:  diagram of the measurement setup 

 
Fig. 4: shows the variation of sound absorption coefficient 

against frequency for different samples. 

V. CONCLUSION 

In this investigation the sound absorption coefficients of 

natural fibre reinforced with two kinds of plastics have been 

tested. The results show that the samples made of 

Thermoplastics (Polypropylene) have high sound absorption 

coefficients compared with the samples made of Thermoset 

plastic (Urea-formaldehyde). Various size of the kenaf fibre 

showed unclear effects on sound absorption coefficients. In 

some frequency it increased but in other frequencies do not 

have significant effect. By introducing the composite 

materials from natural fibre reinforced polymeric materials, 

the resulting materials shows a good potential to be an 

environmentally friendly products. These new composites 

have a good future because they are cheaper, light weight and 

environmentally superior compare to glass fibre and mineral 

based synthetic fibre 
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