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Abstract:
Coconut coir, an abundant agricultural by-product in Vietnam, has received increasing attention as a sustainable building material. Although previous studies have demonstrated its excellent sound absorption performance, its sound insulation properties remain insufficiently explored. This study experimentally evaluates the transmission loss (TL) of coconut coir panels with thicknesses ranging from 2.5 to 15 mm over a frequency range of 200 - 4500 Hz. The results indicate that the TL values were generally low, ranging from 0 to 2 dB, with several localized resonance peaks observed at mid frequencies. Increasing panel thickness resulted in more stable TL responses but produced only a marginal improvement in sound insulation, primarily due to the material’s porous structure and low surface density. While coconut coir panels are therefore unsuitable as standalone sound-insulating barriers, they show considerable potential as sound-absorbing layers or porous cores in multilayer acoustic systems. This study extends existing research on the acoustic performance of coconut coir and contributes to the development of sustainable bio-based building materials.
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1. Introduction
Vietnam is one of the world's leading coconut-producing countries, with an annual production of approximately 1.9 million tonnes in 2022 and an estimated output of 2.28 million tonnes by 2025. Following the recent administrative merger of Vinh Long, Ben Tre, and Tra Vinh provinces, the newly established Vinh Long Province has become the largest coconut-growing region in Vietnam, encompassing nearly 120,000 ha of coconut plantations, accounting for approximately 50% of the national cultivation area. The region is expected to produce more than 1.3 million tonnes of coconuts annually, equivalent to over one billion fruits and generating an estimated economic value of VND 11 trillion. (Le Van, 2025; VTV News Department, 2025) 
Among the various coconut by-products, coconut coir fiber is one of the most abundant lignocellulosic residues. Traditionally, it has been used in the production of ropes, mats, geotextiles, horticultural growing media, erosion control products, composite materials, and handicrafts. More recently, the increasing demand for environmentally friendly building materials has promoted the use of renewable bio-based resources as alternatives to conventional synthetic products. Owing to its renewability, biodegradability, low density, and porous structure, coconut coir fiber has attracted considerable attention for sustainable building and interior applications. In addition to reducing environmental impacts, the utilization of coconut coir also contributes to the circular use of agricultural residues and enhances the value chain of coconut-derived products.

Previous studies have demonstrated that coconut coir fiber panels exhibit excellent sound absorption performance (Author et al., 2010; Bao Yen & Trieu Tan, 2025). However, their sound insulation characteristics have received much less attention. Unlike sound absorption, which reduces sound reflection within an enclosed space, sound insulation determines the ability of a material to resist airborne sound transmission through building elements such as walls, ceilings, and partitions. Therefore, Transmission Loss (TL) is a critical parameter for evaluating the practical applicability of acoustic building materials. (Everest, 2015)
More recently, the increasing demand for environmentally friendly building materials has promoted the use of renewable bio-based resources as alternatives to conventional synthetic products. These natural alternatives not only reduce environmental pollution but also mitigate the health risks associated with the installation of synthetic acoustic fibers, such as glass wool (Mohd Zian, 2016). Owing to its renewability, biodegradability, low density, and porous structure, coconut coir fiber has attracted considerable attention for sustainable building and interior applications. In addition to reducing environmental impacts, the utilization of coconut coir also contributes to the circular use of agricultural residues and enhances the value chain of coconut-derived products (Yang, 2003).
To address this research gap, this study experimentally investigates the normal-incidence Transmission Loss of coconut coir fiber panels with different material compositions and thicknesses using the four-microphone impedance tube method in accordance with ASTM E2611-19 (ASTM International, 2019). The findings complement previous sound absorption studies, provide a more comprehensive understanding of the acoustic performance of coconut coir fiber panels, and support the development of sustainable bio-based materials for architectural and interior acoustic applications.

2. Theoretical background and research methodology
2.1. Theoretical background
Coconut coir fiber is a natural by-product of the coconut industry. It is lightweight, porous, biodegradable, and renewable (Allard & Atalla, 2009), making it a promising bio-based material for sustainable construction. Compared with synthetic acoustic materials, coconut coir is environmentally friendly and helps increase the value of agricultural waste.

Previous studies showed that coconut coir fiber panels have good sound absorption because their porous structure allows sound energy to be absorbed and dissipated. Increasing the panel thickness improves the sound absorption coefficient. A 15 mm panel achieved the highest sound absorption coefficient (α ≈ 0.6–0.7) in the frequency range of 1500–4000 Hz (Bao Yen & Trieu Tan, 2025). These results indicate that coconut coir fiber panels are suitable for interior acoustic applications.

However, sound absorption and sound insulation are different acoustic properties. Sound absorption reduces reflected sound inside a material, while sound insulation reduces sound transmission through a material. Sound insulation is commonly evaluated by Transmission Loss (TL) (ASTM International, 2019). A material with high sound absorption does not always provide good sound insulation, especially when it has low density and a porous structure. 
Although both properties are related to acoustic performance, they serve different engineering purposes. Sound absorption is mainly used to reduce sound reflection and reverberation inside enclosed spaces, whereas sound insulation aims to prevent airborne sound from passing through building partitions. Therefore, evaluating both sound absorption and Transmission Loss provides a more complete assessment of the acoustic performance of porous building materials.
Although many studies have investigated the sound absorption of coconut coir fiber panels, their sound insulation performance has not been fully studied. Therefore, this study evaluates the Transmission Loss of coconut coir fiber panels with six different thicknesses. The results provide additional information on the acoustic performance of coconut coir and support its application as a sustainable building material 
Figure 1. Research framework for the acoustic performance evaluation of coconut coir fiber panels
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2.2. Research methodology
2.2.1. Materials

The coconut coir fiber panels used in this study were fabricated following the procedure reported in our previous study (Bao Yen & Trieu Tan, 2025). To investigate the influence of material composition on sound insulation performance, three types of coconut coir fiber panels were prepared using different formulations, as summarized in Table 1. All panels were manufactured using the same raw materials, adhesive content, fabrication process, and pressing conditions to ensure direct comparability with the previous sound absorption study.
Table 1. Material composition of coconut coir fiber panels 
	Material
	Composition

	Sample 1
	Raw coconut coir fiber + adhesive

	Sample 2
	Raw coconut coir fiber + adhesive + fire-retardant additive

	Sample 3
	Chemically treated coconut coir fiber + adhesive + anti-termite additive


(Source: Bao Yen & Trieu Tan, 2025)

After fabrication, the specimens were conditioned under laboratory conditions before testing to minimize the influence of moisture variation and stabilize their physical properties. Representative photographs of the fabricated coconut coir fiber panel specimens are presented in Figure 2. Three material compositions (Samples 1–3) were prepared, and each composition included six panel thicknesses (2.5, 5.0, 7.5, 10.0, 12.5, and 15.0 mm) while maintaining a constant specimen diameter of 44 mm. The specimens exhibited uniform geometry and good dimensional consistency, providing suitable samples for the subsequent Transmission Loss measurements.
Figure 2. Photographs of the fabricated coconut coir fiber panel specimens with three material compositions (Samples 1-3) and six panel thicknesses (2.5-15 mm, D = 44 mm)
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(Source: Bao Yen & Trieu Tan, 2025)

The physical properties of the fabricated specimens are summarized in Table 2. The average specimen mass was measured and used to calculate the corresponding surface density (kg·m⁻²) and bulk density (kg·m⁻³). By maintaining consistent manufacturing conditions, the measured differences in Transmission Loss could be primarily attributed to variations in material composition and panel thickness rather than differences introduced during specimen preparation.
Table 2. Physical properties of coconut coir fiber panels (D = 44 mm)
	Thickness (mm)
	Sample 1 (g/kg·m²/kg·m³)
	Sample 2 (g/kg·m²/kg·m³)
	Sample 3 (g/kg·m²/kg·m³)

	2.5
	0.7 / 0.46 / 184
	0.8 / 0.53 / 210
	0.8 / 0.53 / 210

	5.0
	1.1 / 0.72 / 145
	1.3 / 0.85 / 171
	1.5 / 0.99 / 197

	7.5
	2.0 / 1.32 / 175
	2.3 / 1.51 / 202
	2.4 / 1.58 / 210

	10.0
	2.6 / 1.71 / 171
	2.8 / 1.84 / 184
	2.9 / 1.91 / 191

	12.5
	3.1 / 2.04 / 163
	3.2 / 2.10 / 168
	3.3 / 2.17 / 174

	15.0
	3.6 / 2.37 / 158
	3.9 / 2.56 / 171
	4.2 / 2.76 / 184


(Source: Bao Yen & Trieu Tan, 2025)

The bulk density of the specimens ranged from approximately 145 to 210 kg·m⁻³, indicating relatively consistent manufacturing among the different panel types. Although the panel thickness increased from 2.5 to 15 mm, the bulk density varied only slightly, whereas the surface density increased proportionally with thickness. Therefore, the observed variations in Transmission Loss can be mainly attributed to differences in panel thickness and material composition rather than significant changes in specimen density.
2.2.2. Transmission Loss Measurement

The sound insulation performance of the coconut coir fiber panels was evaluated using a Mecanum four-microphone impedance tube in accordance with ASTM E2611-19 (ASTM International, 2019), Standard Test Method for Normal Incidence Determination of Porous Material Acoustical Properties Based on the Transfer Matrix Method. The impedance tube has an inner diameter of 44.44 mm, overall dimensions of 80 × 20 × 20 cm, and an operating frequency range of 45–4300 Hz.

The measurement system consisted of a loudspeaker, a four-microphone impedance tube, a data acquisition unit, and analysis software. During the test, each specimen was tightly mounted inside the impedance tube to eliminate air leakage around the sample edges. A broadband excitation signal was generated by the loudspeaker, while the four microphones simultaneously measured the sound pressure at predefined locations along the tube.

The measured signals were processed using the Transfer Matrix Method (TMM) to determine the acoustic transfer matrix of the specimen. Based on ASTM E2611-19 (ASTM International, 2019), the Transmission Loss (TL) was calculated over the frequency range of 200-4300 Hz. The experimental setup and measurement principle are illustrated in Figure 3. (Mecanum Inc, 2024)
Figure 3. Experimental setup and measurement principle of the four-microphone impedance tube for normal-incidence Transmission Loss measurement according to ASTM E2611-19
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(Source: Mecanum Inc., 2024)
2.2.3. Transmission Loss Calculation and Data Processing

The sound insulation performance of the coconut coir fiber panels was evaluated using the normal-incidence Transmission Loss (TL), which represents the reduction in sound power transmitted through the specimen. The Transmission Loss is defined as:
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  (ASTM International, 2019)
Where Wi is the incident sound power and Wt is the transmitted sound power.
In this study, the sound pressure signals measured by the four microphones were processed using Mecanum analysis software, which implements the Transfer Matrix Method (TMM) in accordance with ASTM E2611-19 (ASTM International, 2019) (Mecanum Inc., 2024). The software automatically calculated the normal-incidence Transmission Loss over the frequency range of 200-4300 Hz.

The calculated TL data were exported from the Mecanum software in TXT format and further processed using a Python-based data analysis script. The script imported the measurement data, generated the Transmission Loss spectra, and compared the acoustic performance of the six coconut coir fiber panels with different thicknesses.

3. Results and discussion

3.1. Transmission loss of coconut coir fiber panels

Figures 4-6 present the Transmission Loss (TL) spectra of the three types of coconut coir fiber panels with six different thicknesses. The raw data exported from the Mecanum software were processed using a Python-based data analysis script to improve the readability of the TL curves.

Overall, all specimens exhibited relatively low Transmission Loss over the measured frequency range, indicating limited sound insulation when used as a single-layer material. At frequencies below approximately 700 Hz, noticeable fluctuations were observed due to resonance effects. Above 1800 Hz, the TL curves became more stable, and the influence of panel thickness was more apparent. In general, thicker panels showed slightly higher average TL values, although several local resonance peaks were observed in the medium-frequency range.

The measured TL spectra provide the basis for evaluating the effects of panel thickness and material composition on the sound insulation performance of coconut coir fiber panels, as discussed in the following section.
Figure 4. Transmission Loss of Sample 1
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Figure 5. Transmission Loss of Sample 2
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Figure 6. Transmission Loss of Sample 3
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3.2. Effect of panel thickness on transmission loss

The effect of panel thickness on the Transmission Loss (TL) of coconut coir fiber panels is shown in Figures 4-6. Overall, increasing the panel thickness resulted in more stable TL responses across the measured frequency range. The thicker panels (10-15 mm) exhibited smoother TL curves with smaller fluctuations, whereas the thinner panels (2.5 and 5 mm) showed several pronounced resonance peaks, particularly between 900 and 1700 Hz.

Although the thinner panels produced higher local TL peaks at certain frequencies, these peaks occurred only within narrow frequency bands and did not improve the overall sound insulation performance. Across most of the measured frequency range, all specimens exhibited relatively low TL values, generally below 2 dB, indicating limited resistance to airborne sound transmission.

This behavior can be explained by the porous and lightweight structure of coconut coir fiber panels. Increasing the panel thickness increases both the sound propagation path and the surface density, which generally enhances sound insulation according to the acoustic mass law(Fahy, 2007). However, as shown in Table 2, the surface density remained relatively low (0.46-2.76 kg·m⁻²), while the bulk density varied only slightly (145-210 kg·m⁻³). Consequently, only a limited improvement in Transmission Loss was observed despite the increase in panel thickness.
These findings indicate that increasing panel thickness alone cannot significantly improve the sound insulation performance of coconut coir fiber panels. Therefore, coconut coir panels are more suitable for use as sound-absorbing layers or as components in multilayer composite wall systems rather than as single-layer sound insulation barriers.
3.3. Effect of Material Composition on Transmission Loss

Figure 7 compares the average Transmission Loss (TL) of the three coconut coir panel compositions, calculated from the six panel thicknesses, while the corresponding physical properties are summarized in Table 2. As shown in Table 2, the bulk density of all specimens remained within a relatively narrow range (145-210 kg·m⁻³), indicating that the observed differences in TL were mainly associated with material composition.

Overall, Sample 1 and Sample 2 exhibited similar TL responses across most of the measured frequency range. In contrast, Sample 3 showed a pronounced low-frequency resonance peak (approximately 450-600 Hz) and larger fluctuations below 1800 Hz. However, above 2000 Hz, the TL curves of the three materials gradually converged, with average values generally remaining below 1.5 dB.

These results indicate that modifying the material composition changes the frequency-dependent TL response but does not significantly improve the overall sound insulation performance. Therefore, the porous structure and relatively low density of coconut coir remain the dominant factors governing airborne sound transmission (Jean F. Allard & Noureddine Atalla, 2009)
Figure 7. Average Transmission Loss of the three coconut coir panel compositions (average of six panel thicknesses)
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4. Conclusions
This study experimentally evaluated the normal-incidence Transmission Loss (TL) of coconut coir fiber panels with three material compositions and six panel thicknesses using the four-microphone impedance tube method in accordance with ASTM E2611-19.

The experimental results showed that increasing panel thickness improved the stability of the TL response and slightly increased the average Transmission Loss. However, due to the relatively low bulk density of the panels (145–210 kg·m⁻³), the overall improvement in sound insulation was limited. The average TL of all specimens remained below 2 dB over most of the measured frequency range, indicating that coconut coir fiber panels provide only limited airborne sound insulation when used as single-layer materials.

The comparison of the three material compositions demonstrated that the addition of fire-retardant and anti-termite treatments slightly influenced the frequency-dependent TL response but did not significantly enhance the overall sound insulation performance. These results suggest that the porous structure and relatively low density of coconut coir fiber are the primary factors governing its airborne sound transmission characteristics.

Overall, coconut coir fiber panels are better suited for use as sound-absorbing materials or as functional layers in multilayer composite wall systems rather than as stand-alone sound insulation barriers. Together with previous studies on the sound absorption performance of coconut coir fiber, the present work provides a more comprehensive understanding of its acoustic behavior. The findings also provide useful engineering data for the development of sustainable bio-based acoustic materials and support the wider utilization of coconut coir fiber in modern building and interior acoustic applications. Future research should investigate multilayer composite systems incorporating coconut coir fiber with higher-density facing materials or air cavities to further improve sound insulation performance.
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Đánh giá hiệu quả cách âm của tấm xơ dừa sợi
Nguyễn Phú Nhuận1,*

Mai Bảo Yến1

Trần Triệu Tấn1

1Trường Kỹ thuật và Công nghệ, Đại học Trà Vinh

Tóm tắt:
Xơ dừa, một phụ phẩm nông nghiệp dồi dào tại Việt Nam, đang ngày càng được quan tâm như một vật liệu xây dựng bền vững. Mặc dù các nghiên cứu trước đây đã chứng minh khả năng hấp thụ âm thanh vượt trội của vật liệu này, đặc tính cách âm của nó vẫn chưa được khảo sát đầy đủ. Nghiên cứu này tiến hành đánh giá thực nghiệm độ suy giảm truyền âm (Transmission Loss, TL) của các tấm xơ dừa với độ dày từ 2,5 đến 15 mm trong dải tần số từ 200 đến 4.500 Hz. Kết quả cho thấy giá trị TL nhìn chung thấp, dao động từ 0 đến 2 dB, với một số đỉnh cộng hưởng cục bộ xuất hiện ở các tần số trung bình. Việc tăng độ dày tấm giúp cải thiện tính ổn định của đáp ứng TL nhưng chỉ mang lại sự cải thiện hạn chế về khả năng cách âm, chủ yếu do cấu trúc xốp và mật độ bề mặt thấp của vật liệu. Do đó, các tấm xơ dừa không phù hợp để sử dụng như lớp cách âm độc lập, nhưng lại có tiềm năng đáng kể khi được sử dụng như lớp hấp thụ âm hoặc lõi xốp trong các hệ thống âm học đa lớp. Nghiên cứu này góp phần mở rộng hiểu biết về hiệu suất âm học của xơ dừa và thúc đẩy phát triển các vật liệu xây dựng sinh học bền vững.
Từ khóa: sợi xơ dừa, cách âm, suy giảm truyền âm, vật liệu sinh học, vật liệu xây dựng bền vững, hiệu suất âm thanh.
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