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Acoustic materials are artificial materials 

designed to dissipate sound energy [1]. There is a 

distinction between acoustic materials with sound 

absorbing and sound isolating properties [2, 3]. 

Generally, sound-absorbing materials have low 

bulk densities. Their sound-absorbing ability is 

attributed to their porous structure and the presence 

of a large number of open communicating pores. 

Sound-absorbing materials absorb the energy of the 

sound waves propagating within them. The 

mechanism of sound absorption is the conversion of 

sound vibration energy into thermal energy due to 

viscous friction losses in the pore capillaries or 

irreversible losses due to the deformation of the 

fibrous structure of the material (fig.1). The main 

property of sound-insulating materials is that they 

reflect sound, thus preventing their passage. As a 

rule, sound-insulating materials are relatively high 

density. In a certain sense, acoustic materials also 

include vibration absorbing and vibration isolating 

materials [4].  

The creation of new noise-reducing materials 

involves solving interrelated problems in the 

development of sound-insulating and sound-

absorbing materials in a given frequency range. In 

addition, to reduce the intensity of the transmission 

of vibrational energy of vibration-active objects 

from places of origin to places of sound emission, it 

is necessary to develop appropriate materials with 

vibration-absorbing and vibration-isolating 

properties. The overall goal of creating vibration 

and noise reduction materials is to improve the 

dynamic mechanical properties associated with the 

dissipation of wave vibrational energy through 

viscous friction or irreversible elastic strain losses 

in the components of the composite material 

structure. 

   

Fig. 1. Microphotographs of a sound-absorbing composite based on flax and polypropylene fibers: 

1 – original fibrous canvas (thickness 10-12 mm); 2 – pressed panel (thickness 4-5 mm) [1] 
 

Acoustic biocomposites. Theoretical 

background and accumulated practical experience, 

primarily in the automotive industry, indicate that 

effective innovative materials for vibration and 

noise reduction can be created based on components 

(substances) with a high mechanical loss factor over 

a wide temperature and frequency range. Such 

substances, as our preliminary studies have shown, 

include plant fibers and various biodegradable 

natural linear and branched high-molecular-weight 

compounds (natural rubber, cellulose, 

polymerizable resins, starch, and cashew nut shell 

liquid). It is possible to ensure a high level of 

acoustic and performance characteristics of 

composites created on the basis of high-molecular 

compounds of natural origin and plant fibers 

(biocomposites) owing to the composition of 

materials. 

Other major advantages of composites based 

on natural components are relatively low density 

and, as a consequence, low weight of finished 

products, ease of utilization, and recyclability. 

Traditionally used natural components, which are 

most widely used in the creation of acoustic 

composites, include flax, hemp, jute, kenaf, coconut 

fiber, reed, and straw fibers [5-10]. The specific 

type of natural fiber used depends on both the 

required physical, mechanical, and acoustic 

properties of the final products and on the local 

availability of suitable raw materials. 

In several cases, composites based on natural 

fibers have better physical, mechanical, and 

acoustic characteristics than composites based on 

chemically synthesized polymers and fibers. For 

example, it was shown in [11-14] that the sound 

absorption properties of composites based on 

bamboo, kenaf, loofah, date palm, coconut, tea leaf, 

hemp, and cane fibers are superior to those of 

similar composites based on polypropylene and 

polyester fibers. The microstructures of acoustic 
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composites based on flax and polypropylene fibers 

developed in [21] for noise-reducing interior parts 

of vehicles are shown in Figure 2. 

The analysis of the available literature and 

our own experience in the use of fibro-granular raw 

materials of plant origin, as well as biomass as base 

components for acoustic composites, shows that 

rice husk [15-17] and buckwheat [18-20] allow the 

formation of an open porous composite structure 

with low density and low air flow resistance. These, 

in turn, are necessary conditions for good sound 

absorption properties, and fibro-granular raw 

materials of plant origin as well as biomass can 

therefore be considered as promising base fillers for 

the developed sound-absorbing composites. 

Innovative meta-, nano- and auxetic 

materials. In recent years, significant research 

efforts have been directed towards the development 

of fundamentally new acoustic composites based on 

nanotechnology and acoustic metamaterial design 

principles. In [21], the influence of a layered silicate 

nanomodifier (montmorillonite) on the dynamic 

mechanical and acoustic properties of epoxy resin-

based nanocomposites used in multilayer noise-

suppressing structures was investigated. The 

addition of 5 wt. % nanomodifier as a functional 

filler in epoxy resin allows to increase the 

transmission loss (sound insulation value) up to 58 

dB, which is 36 dB more compared to a specimen 

with the same thickness and basic composition but 

without modifier. Later, the authors of [22], who 

investigated the influence of hollow silica 

nanotubes synthesized by the sol-gel method on the 

mechanical and acoustic properties of epoxy 

nanocomposites, came to almost similar results. In 

[23], the acoustic performance of 1.6 mm thick 

cellular composites containing fillers (graphene, 

nanotubes, and polydimethylsiloxane) that enhance 

the absorption of low-frequency sound waves was 

investigated. 
 

 
Fig. 2. Images obtained using computer microtomography of sound-absorbing composite based on 

linen and bicomponent polyester fibers  

The maximum sound absorption coefficient 

values are more than 0.7 at frequencies from 100 to 

200 Hz, which significantly exceeds the sound 

absorption of composites based on widely used 

carbon foams and microperforated panels. In [24], 

the acoustic properties of composites modified with 

nanofibers, nanograin, and nanomembranes were 

investigated. Composites based on a blend of 

polyurethane and polymethylmethacrylate forming 

interpenetrating polymer networks and surfaces 

modified with nanoclays were proposed. Materials 

containing nanographite in composites based on 

piezoceramics and silicone resins are also known. 

All of these studies note the positive role of 

introducing nanomodifying fillers as an effective 

way to improve the acoustic performance of 

composites, both in terms of sound absorption and 

sound insulation. 

In principle, nanotechnology opens up a large 

variety of possibilities for creating a wide range of 

new composites and structures with unique and 

unconventional properties, including sound 

insulation and absorption. Although a large body of 

scientific and technical literature has been published 

over the past 20 years and there are examples of 

successful applications of nanotechnology in fields 

ranging from engineering to medicine, the least 

significant results in the application of 

nanotechnology have been achieved namely in the 

field of acoustic materials. 

The current stage of acoustic materials 

development, thanks mainly to the development and 
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implementation of additive technologies (3D 

printing methods), is characterized by the 

emergence of a fundamentally new approach to the 

formation of artificial metastructures, providing 

previously unattainable sound absorption 

characteristics in the mid (250-1000 Hz) and low 

(below 200 Hz) frequency ranges at relatively small 

structural thickness. In the available scientific and 

technical literature, there are examples of sound-

absorbing metamaterials realized on the principles 

of Helmholtz resonators, Fabry-Perot resonators, 

membrane absorbers, split-tube resonators, 

metasurface structures, coherent absorbers, acoustic 

metasurfaces with Frieze symmetries, etc.  

The common drawback of all the resonant 

approaches listed is the narrow range of operating 

frequencies over which these artificial absorbers are 

effective. To overcome this drawback, several 

methods have been proposed, for example, 

combining elementary cells with different 

absorption peaks into multilayer acoustic systems, a 

set of nested microslit absorbers, combining a set of 

elementary cells with different structural parameters 

in a single layer, helical spatial resonators with a 

layer of ultrathin sponge coating, resonators with 

weak resonance and coherent coupling, nonlocal 

features, and doubly discontinuous ring resonators. 

The acoustic metamaterials developed by the 

authors use the concept of labyrinthine spiral-spatial 

resonators (Fig. 3), which makes it possible to 

achieve extremely high values of the sound 

absorption coefficient (close to 1.0) in the most 

popular operating frequency range of 500-2000 Hz. 

The most important advantage of the metamaterials 

under development is that the proposed solutions 

make it possible to realize high acoustic efficiency 

at a previously unattainable ratio of material 

thickness to the absorbed sound wavelength. 

Another type of innovative metamaterials are 

the so-called auxetic materials, which have negative 

Poisson's ratio and as a result possess exceptional 

deformation properties, realizing expedient, 

adaptive responses to service effects (force, 

temperature, vibration, acoustic, etc.). The 

distinctive properties of these materials are high 

volumetric compressibility and shear stiffness, 

which explain the fact that in auxetic porous 

materials, the sound absorption coefficient and loss 

modulus are significantly higher than those of 

traditional foams at equal values of porosity and 

density. A comparison of the sound absorption 

characteristics of porous materials based on 

traditional polyurethane foam and porous auxetic 

materials with concave cell shapes shows that the 

auxetic material has higher sound absorption 

properties in the low-frequency range up to 1500 

Hz; however, at higher frequencies, the sound 

absorption coefficient of the auxetics does not 

exceed 0.7.  

Thus, based on the analysis of published 

experimental studies and other available sources, it 

can be concluded that various combinations of 

meta-structures, including those possessing auxetic 

properties, have significant potential for enhancing 

the sound absorption properties of the developed 

acoustic composites. It is currently known that there 

are patented and used solutions from the Rolls-

Royce Corporation to improve the acoustic 

performance of parts of the vehicle interior.  At the 

same time, the complex construction and, in this 

respect, the low technological performance of the 

aforementioned meta- and auxetic materials 

significantly limit their further practical application. 

Therefore, the creation of high-performance 

broadband acoustic and metamaterials with a 

relatively simple structure, meeting the 

requirements primarily to such parameters as 

thickness, apparent density, mechanical strength 

and processability, remains an important unsolved 

problem and is of interest for further research. 

Conclusions. Expanding the range of 

acoustic (vibration and noise reducing) composite 

materials remains a topical concern for researchers, 

primarily at the expense of creating composite 

materials effective in the low frequency region of 

the acoustic range; multilayered and with graded 

density; with an increased temperature operating 

range in both the low and high temperature region; 

with improved thermal insulation performance; 

possessing increased durability, weather resistance 

and aesthetic performance. The study and 

systematization of the mechanical and dynamic 

characteristics of different natural, mainly vegetable 

fibers, the determination of the adhesion of fibers to 

different high-molecular-weight matrices, the 

establishment of the influence of the parameters of 

the production process on the properties of the 

product is a very important research task. We 

therefore propose to investigate, within a unified 

concept, the properties of natural components 

contained in plants growing in different climatic 

regions, taking into account the influence of 

environmental factors simulating outdoor use 

 

Fig. 3. 3D quarter-wavelength labyrinthine tube 

of modular acoustic metamaterial (MAMM) 
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conditions. The research results obtained will create 

good preconditions for expanding the use of plant 

raw materials, including waste from agricultural and 

food production, creating biocomposites with 

special properties which, in aggregate, will 

significantly increase the role and impact of 

renewable resources for sustainable materials 

production and environmental improvement.
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