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 This study presents the process to develop a green rubber using Epoxidized Natural 

Rubber (ENR) with sound insulating properties that could compete with commercial 

rubber sound insulator. The aim of this paper is to evaluate performances of this green 
rubber material in order to assess the feasibility of use in sound insulation application. 

A two-microphone impedance tube was used to investigate the sound absorption 

properties of the rubber formulated. The data obtained show clearly that the ENR based 
sound insulation materials performance is promising that almost match to commercial 

rubber sound insulator.  The data set obtained here could be a fundamental study with 

available sound insulation materials model to take the approach further and extended to 
other mechanical and thermal properties performances. 
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INTRODUCTION 

 

Sound is a common part in our routine life that we are seldom to appreciate all of its purposes. It typically 

provides variety of purposes including spoken communication, enjoyable experiences, and sometimes sound 

could alarm us. Nowadays in our modern community, sound could actually irritate to us and most sounds are 

unpleasant to hear. The sound mentioned is known as noise. Noise might inhibit with speech or verbal 

communications or even worse it could affect our health. A big concern to reduce the level of sound to 

acceptable level is becoming a big issue. Therefore steps to reduce noise should be taken and it would not 

something we have to accept regularly. 

A sound and vibration absorbing material is required to reduce sound and improve the listening 

environment for music as well as communication. It plays a significant role in architectural acoustics, the design 

of recording studios and automobile interiors [9]. One method to sound or vibratory energy is insulated by its 

translation into heat energy. External friction and internal friction are usually the means of dissipation [7]. This 

sound insulation is generally effected by the friction of oscillating air particles against the skeleton of unicellular 

materials, which causes the conversion of sound into heat energy [3]. A special case is ‘mechanical hysteresis’ 

which is especially useful in sound insulators. This is a shock absorber effect in which the material yields to the 

push of the vibration but comes back slowly, dissipating the sound or vibratory energy in internal friction [7]. 

The present study makes use of this principle.  

Numerous studies have shown that polymer, foam, fabric and composite materials can be excellent sound 

insulators in acoustic engineering. Rubber also possesses properties that can deliberate good insulation against 

noise and high frequency vibration [9]. In this context, natural rubber based sound insulator materials namely as 

Ekoprena (see Fig. 1a) are an interesting alternative material to be studied instead of synthetic rubber. Ekoprena 

is a new generation of Epoxidized Natural Rubber (ENR). ENR is produced by epoxidation of natural rubber at 

the latex stage and is classified as a green material as it is produced from a renewable natural resource unlike 

synthetic rubbers which are derived from petroleum based resources [1,4]. 
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Fig. 1: Rubber materials used in producing a sound insulator. (a) Ekoprena/Epoxidized Natural Rubber and (b) 

Butyl Rubber. 

 

Production of this sound insulator will be congruent with awareness of the green technology concept and at 

the same time to support its usage in the local automotive industry. Furthermore, ENR usage is in line with the 

Malaysian National Key Economic Area (NKEA) program, which is commercialization of Ekoprena and 

Pureprena. Production of ENR based sound insulator will contribute towards the vision of the Malaysian 

government to make rubber a major commodity contributor to the Gross National Income (GNI). 

The effectiveness of materials to absorb sound waves could be given in terms of the sound absorption 

coefficient; α. Sound absorption coefficient is a ratio of the sound energy absorbed by a material surface to the 

sound energy incident upon to the material surface [9]. 

In the present work, sound insulators were mainly prepared using ENR and synthetic rubber (butyl rubber) 

as shown in Fig. 1b, which is typically used in commercial materials.  This project aims to evaluate 

performances of ENR in order to assess the feasibility of use in sound insulation application. Thus, the sound 

absorbent capacity of the rubber material formulated was determined. 

 

Experimental: 

The experimental work consisted of the preparation of the basic material by mixing the ENR alone as well 

as the blending-mixed between the ENR and butyl rubber in order to compete with the commercial rubber sound 

insulator. This was then followed by measuring performance in terms of the density and the sound insulating 

properties. Details of these are now given. 

 

1.1 Materials: 

Low mooney ENR-50 (containing 50 mole % epoxidation level) with 42 mooney viscometer (MV) was 

received from Felda Rubber Industries Sdn Bhd and Butyl 268 with 78 MV was purchased from Behn Meyers 

Polymers Sdn Bhd. Additives added in the rubber compound were fillers (carbon black filler and non-

reinforcing filler) and napthenic oil. 

 

1.2 Preparation of rubber sound insulating sheet: 

The process for obtaining rubber sound insulating sheet is shown in Fig. 2. Rubber (ENR or Butyl 268) is 

mixed with other ingredient materials to produce a homogenized rubber compound by using a dispersion mixer 

machine at 80ºC for ten minutes or until completely homogeny. Next, 450g of compounded rubber is processed 

into a rubber sheet by using an electrical press machine for pressure approximately 10 MPa at 30ºC for two 

minutes. The rubber sheet will be attached with the aluminum face to form a sound insulating sheet. The rubber 

sheet was prepared with varying rubber loading as tabulated in Table 1. 

 

1.3 Density test: 

Material density is the prime consideration of acoustic reflection [2]. Thus, this test is very important to be 

carried out. Density is the mass per unit volume and expressed in g/cm
3
. The test is based on Archimedes’ 

Principle of Buoyancy. Principally, an object weighs less in water than in air. This loss of weight is due to the 

up-thrust of the water acting upon it and the up-thrust of an object is equal to the weight of the liquid displaced. 

Density of rubber materials can be calculated by the weight of water displaced divided by the volume of water 

displaced. Calculation of density: 

m1 / (m1-m2) 

Where m1 is the weight of material sample in air and m2 is the weight of material sample in water. Each 

rubber formulated was tested two times using electronic density balance as shown in Fig. 3. 

a b 
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There are a few precautions to be taken into account when weighing in water; a) free from air traps, dip and 

rub with teepol solution; b) the test sample should not touch the side of the beaker; c) the balance used should be 

calibrated; d) distilled water used should not be contaminated; and e) prevent from air drift during weighing [5]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Process of obtaining ENR sound insulating sheet. (1) mixing process using a dispersion mixer machine, 

(2) homogenized rubber compound, (3) rubber compound is ready to be pressed, (4) sheeting process 

using an electrical press machine, (5) rubber sheet, (6) aluminum foil, and (7) complete ENR sound 

insulating sheet. 

 
Table 1: Formulation of rubber sound insulating sheet with different rubber laoding. 

Sample 
parts per hundred (phr) 

ENR Butyl 268 

SI 1 - 100 

SI 2 25 75 

SI 3 50 50 

SI 4 75 25 

SI 5 100 - 

 Abbreviation: SI, Sound Insulator 
 

1.4 Sound absorption properties: 

The material sound performance is the major properties and this was tested following established standards 

(BS EN ISO 10534-2, 2001) and methods. In this research, a two-microphone impedance tube Type 4206 as 

shown in Fig. 4a was used to measure the sound absorption coefficient of the material sample. It is faster and 

necessitates small circular samples of order millimeters; 29 mm (see Fig. 4b). The standing wave tube contains 

of a tube sealed at its two ends. At one end, a source sound speaker which provides the noise signal from the 

signal amplifier, and at the other end, the test material, coated by the tube seal wall receives the signal (see Fig. 

4c). Two microphones attached within the wall of the tube measured the sound pressure levels, which are then 

evaluated and converted into a single number rating of sound absorption coefficient [2]. The actual sound 

absorption coefficient of a material is frequency dependent and represent how well sound is absorbed. The test 

frequency range is 0 Hz to 6400 Hz. The sound absorption coefficient of a material has a value range of zero (0) 

to one (1). A material with an absorption coefficient of one indicates a purely absorbing material whereas a 

material with absorption coefficient of zero indicates that the material is purely reflective. 
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Fig. 3: Density test. (a) Electronic density balance (b) weigh material sample in air, m1 (c) weigh material 

sample in water, m2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Sound absorption properties. (a) Impedance tube (b) circular test samples (c) position of the material 

sample in the tube. 

 

RESULTS AND DISCUSSION 

 

The results are presented in terms of the measured density test and sound absorption properties of the 

rubber compound that were produced using ENR or Butyl 268 under various formulations. Throughout this 

analysis, a comparison of properties is made with established light weight and sound insulating rubber materials. 

The common range of hearing for a human is from approximately 20 Hz (Hertz) to 20,000 Hz [8]. Our ears 

are more sensitive to the middle frequencies, which range from 500 Hz to 5000 Hz, the speech frequencies. 

Table 2 lists the density and sound absorption coefficient of the rubber formulated and commercial rubber sound 

insulator. 

 
Table 2: Density and sound absorption coefficient of rubber formulated and commercial rubber sound insulator. 

Sample Density (g/cm3) 
Maximum Sound Absorption (α) 

(500Hz to 5000Hz) 

SI 1 1.30 0.24 

SI 2 1.31 0.13 

SI 3 1.32 0.07 

SI 4 1.33 0.12 

SI 5 1.34 0.74 

Commercial rubber SI 1.73 0.85 

 

Increasing of ENR content and decreasing of Butyl 268 content were found to slightly increase the density 

of rubber sheet. However, the density increment is not significant as all rubber formulated contain similar 

density. In a positive view, the density of the rubber formulated is lighter than commercial rubber sound 

insulator. Density reduction is approximately 20%. Therefore the in-house rubber sheet will give an advantage 

to meet the environmental protection benefit of saving fuel consumption especially when applied in the 

automotive applications. Moreover, this advantage is particularly important in the building applications, in the 

a b c 

a b 

c 
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case of walls which are used temporarily on building sites, it would makes it easier for them to be assembled 

and dismantled [3]. 

In terms of sound absorption performance, ENR alone (100 phr) has indicated promising sound insulating 

properties compared to those containing lower of ENR loading as shown in Fig. 5. The sound absorption 

coefficient of SI 5 increased linearly from 0.05 at 500 Hz to 0.76 at 4600 Hz, while SI 2, SI 3, and SI 4 are 

consistently constant at frequency range of 500 Hz to 5000 Hz which the maximum sound absorption coefficient 

is in the range 0.07 to 0.13. As for Butyl 268 alone or SI 1, the sound absorption coefficient increased slightly 

from 0.04 at 500 Hz to 0.24 at 2600 Hz and then reducing with increase of frequency. Results indicate that the 

ENR could provide good sound insulating properties without any addition of synthetic rubber. The result is 

almost matched to commercial rubber sound insulator performance. The commercial indicates excellent sound 

absorbing performance as the sound absorption coefficient increased linearly from 0.03 at 500 Hz to 0.85 at 

4100 Hz. This insulation is likely achieved when dense materials are applied. This is because their inertia or 

resistance makes harder their sound waves motion. Therefore, they produce fewer waves transmitted by 

vibrations [6]. 

 

              
 

Fig. 5: Curves of sound absorption coefficient values versus frequency with various ENR and Butyl 268 

loading. 

 

Conclusion: 

In this study, a light weight rubber materials for sound insulating properties using the patented epoxidized 

natural rubber were developed. The present investigation evaluated performances of this green rubber in order to 

assess the feasibility of use in sound insulation application. The materials studied in this work have interesting 

sound absorbing performance as the sound absorption coefficient is considerably good with maximum value is 

0.76 at 4600 Hz. The result is associated with sufficient low density that allows incorporating them into variety 

of sound sealing system applications. 
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