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N oise pollution has emerged as a critical public health challenge, particularly in rapidly
urbanizing nations like India, where chronic exposure is linked to hearing loss, sleep
disturbances, and cardiovascular disorders. Traditional soundproofing materials, including
fiberglass and mineral wool, offer high acoustic performance but present significant
environmental issues due to their non-renewable origins and high embodied energy. This has
necessitated a shift toward sustainable, bio-based alternatives such as wood-based
composites. These materials offer tunable porosity, natural damping, and a reduced
ecological footprint. Wood composites are engineered by combining wood fibers with
various binders and additives, allowing for the optimization of acoustic properties through
material characteristics, geometric configurations, and environmental factors. Research into
larch bark panels, laminated veneers with elastomeric reinforcements, and 3D-printed wood-—
PLA systems highlights the versatility of these composites in advancing sustainable acoustic
engineering.

Keywords: Noise pollution, Wood composites, Sound insulation, Acoustic materials,
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Introduction

The modern era is defined by rapid urbanization and expanding industrial activities, which
have resulted in escalating levels of environmental noise from traffic, construction, and
community operations. This "unwanted sound” is now a major pollutant with severe health
implications, including auditory disorders like tinnitus and non-auditory effects such as
psychological distress and hypertension. N e
India, studies in cities like Chennai and [EE][)]]Y NI RH: ISR [209 Y31 T] TS
Lucknow have shown a direct linear relationship | TOLL OF NOISE NE POLLUTION.
between high noise exposure and significant | RIS e (T S5
hearing impairment among residents and | =
professional drivers. Effective noise mitigation
requires a multifaceted approach, including e
urban planning that separates noise-sensitive
areas from industrial zones and the deployment
of  advanced  soundproofing  materials.
Soundproofing involves using acoustic materials
to reduce noise transmission in buildings and
vehicles. By incorporating sustainable acoustic
materials, we can reduce the environmental
footprint of the construction industry while ‘
improving the overall quality of life for urban Figure 1: Impact of noise pollution
residents.
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Classification of Acoustic Materials

Soundproofing and acoustic materials are often categorized by their primary function:
managing sound behavior within a space or blocking transmission between spaces. Generally,
porous and soft materials are utilized for sound absorption, while dense and heavy materials
are preferred for sound insulation. Conventional materials like Expanded Polystyrene (EPS)
foam and mass-loaded vinyl are prized for their density but carry drawbacks, including high
carbon footprints and health risks from airborne fibers or chemical emissions. Sustainable
materials are increasingly replacing these options, leveraging natural fibrous structures to
provide comparable absorption with lower embodied carbon.

Sustainable Acoustic Technologies

Sustainable acoustic materials are classified into four main categories: natural and bio-based
materials (e.g., wood, cork, hemp); recycled waste materials (e.g., recycled rubber and
plastic); engineered materials (e.g., wood composites and metamaterials); and advanced
treatments. Wood composites, specifically, are created by combining natural wood with other
materials in a polymer matrix. Various manufacturing techniques, such as compression
molding, extrusion, and 3D printing (Additive Manufacturing), allow for the creation of
tailored acoustic solutions that balance cost-effectiveness with environmental sustainability.

Acoustic Metrics and Evaluation

To evaluate the quality of wood-based materials, several metrics are employed. The Sound
Absorption Coefficient (SAC, o) quantifies the ratio of absorbed energy to incident energy,
ranging from 0 (total reflection) to 1 (total absorption). The Noise Reduction Coefficient
(NRC) provides a simplified average of SAC values at mid-range frequencies (250-2000 Hz).
Sound Transmission Loss (STL) measures a material's ability to block sound, expressed in
decibels (dB), where higher values indicate better insulation. Other metrics include
Reverberation Time (T), which affects speech intelligibility, and Impact Insulation Class
(I1C), which assesses a floor's ability to reduce noise from footsteps.

Factors Influencing Wood Composite Acoustics

The performance of wood composites is governed by material characteristics, engineered
geometry, and installation factors. The size and orientation of particles determine how sound
energy dissipates through internal friction. For example, fibers-oriented perpendicular to a
sound wave typically offer greater resistance and better absorption than parallel fibers.
Geometric features like panel thickness and micro-perforations are also critical; thicker
panels improve low-frequency absorption, while micro-perforations act as Helmholtz
resonators to increase broadband effectiveness.

Problem Statement

Despite the effectiveness of traditional soundproofing materials, their reliance on petroleum-
based sources and their lack of biodegradability present a significant environmental
challenge. In India, where urbanization is accelerating, there is an urgent need for noise
mitigation strategies that do not contribute further to environmental degradation. While wood
composites offer a promising sustainable alternative, their performance is highly dependent
on density and structural configuration, often requiring a trade-off between insulation and
absorption. Furthermore, the common use of formaldehyde-based resins in these composites
complicates their end-of-life environmental impact and prevents complete biodegradability.

Methodology Overview

The research synthesized findings from four primary case studies investigating different
material configurations. Larch bark (Larix decidua Mill.) was tested for its potential as a by-
product insulation material. Laminated wood composites were reinforced with layers of
rubber, linoleum, felt, and elastomeric sponge. Two studies utilized 3D printing (Fused
Filament Fabrication) to create micro-perforated panels (MPP) and internal geometric
profiles using Polylactic Acid (PLA) reinforced with wood fibres. All acoustic testing was
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performed using the impedance tube method (transfer function) to measure SAC and STL
across frequency ranges from 50 to 6400 Hz.

Key Findings: Material Characteristics

Larch bark panels demonstrated optimal sound absorption at a density of 350 kg/m?, with
performance declining as density exceeded 400 kg/m® due to increased reflectivity. Fine-
grained particles (4-11 mm) generally provided better SAC values than coarse-grained ones.
In reinforced laminated composites, all experimental groups outperformed the unreinforced
control, which primarily acted as a sound reflector. The elastomeric sponge reinforcement
provided the highest overall acoustic performance, while linoleum was most effective at low
frequencies.

Key Findings: Geometry and 3D Printing

The studies on 3D-printed composites revealed that perforation volume is a critical design
parameter. Smaller perforation volumes achieved higher peak absorption coefficients, with
one PLA-wood MPP reaching a peak SAC of 0.93 at 2173 Hz. In terms of internal structures,
a triangular configuration consistently yielded the highest acoustic performance. A single
PLA-birch panel with a triangular structure and 40% infill density achieved an excellent peak
SAC of 0.93 at 1000 Hz, demonstrating that sustainable materials can meet the performance
levels of conventional high-performance absorbers.

Discussion

The use of wood composites in acoustics involves significant trade-offs between
performance, cost, and sustainability. Low-density composites are excellent for sound
absorption but provide poor sound insulation, requiring composite systems (like a porous
core between dense layers) to achieve both. Moisture content also plays a role, as increased
moisture generally improves sound absorption through internal friction 56. While these bio-
based materials are competitive with mineral fiberboard, the presence of synthetic binders
remains a concern for total biodegradability. To address this, the application of
formaldehyde-free adhesives like PVA or bio-based resins is recommended.

Conclusion

Wood composites represent a versatile and multifaceted solution for sustainable acoustic
engineering. Material microstructure, specifically density and particle size, governs acoustic
efficiency, while engineered geometry like micro-perforations expands the performance
range. The research confirms that bio-degradable panels, particularly those optimized with
3D-printed internal geometries, can achieve high absorption coefficients (o = 0.93) while
maintaining structural integrity. These findings support the use of wood composites in
architectural acoustics, musical instruments, and the automotive and aerospace industries.

Future Scope

Future research must prioritize the development of biodegradable hybrid materials and smart

acoustic panels. Key directions include:

o Developing advanced hybrid systems like wood-based metamaterials for targeted sound
control.

e Integrating Al and smart manufacturing (3D/4D printing) to optimize precision
fabrication.

o Expanding multifunctionality by integrating fire resistance and UV stability into acoustic
panels.

e Conducting long-term durability and comprehensive life-cycle assessments of bio-based
binders to ensure economic viability.
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