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Abstract

Active and passive noise controlling methods are widely used for noise reduction applications as it is
essential to control unwanted noise and vibration which adversely affects human life, wild life, aquatic life and
the ecosystem as such. The technological, automobile and biomedical world also prefer noise and vibration free
atmosphere for the efficient performance. However, passive noise reduction at lower frequency range is highly
challenging due to the unavailability of suitable materials. The emergence of engineered composite materials
pave way to this bottle neck problem. Herein, natural fiber composites are synthesized using Vacuum Assisted
Resin Transfer Molding and characterized for noise reduction in the low frequency region with the help of
transfer matrix method using an impedance tube. The results show that the natural micro fibrous basalt fiber
composite is a highly efficient sound absorber in the lower frequency region compared to the glass fiber based
one. The fiber radius is critical in tuning the frequency range. The contact angle measurements reveals that the
basalt fiber composite is more hydrophobic in nature.
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Introduction

In the present scenario of fast industrialization and technological development noise pollution has
become one of the serious issues to be concerned as far as from the increased level of concern about the
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environment, ecology and ecosystem. Constant exposure to increased noise above a particular level (85 dB for
eight hours) can cause serious health problems in human beings. Hearing impairment, sleep disturbance, high
blood pressure, increased stress level, cardiovascular problems and certain anti-social behavioral changes are
some of the proven noise induced physical and psychological health issues suffered by human beings1-3. Wild
animals and aquatic organisms are also victims of noise pollution. Sound pollution induces physical problems
as well as certain behavioral changes in wild animals which in turn will adversely affect the full ecosystem by
altering the food chain and the combination of species. Marine world is also under threat because of the
increased level of sound intensity which alters the natural habitat of the aquatic species and disturbs their
normal behavior and life4-5. Sophisticated parts of certain high definition instruments are also sensitive to their
inbuilt vibration and noise which cause wear and tear to them and thus their smooth functioning is being
interrupted. At this juncture noise pollution is a serious matter to be addressed properly in order to have a noise
free green environment for the comfortable and healthy functioning of the living and non-living world. Active
and passive noise controlling mechanisms are commonly used in this context for this purpose6. Even though
active acoustic absorbers including electroacoustic absorbers need external energy for their functioning they
are efficient in controlling low frequency noise in the frequency region below 2000Hz compared with the
passive ones7.  Passive absorbers are preferred because of their independent performance without the help of
external power source and their efficiency in controlling acoustic frequencies in the higher frequency region.
Low frequency noise controlling using active absorbers replacing the thick passive ones is also a challenging
attempt8. As such the necessity to cover the low frequency noise controlling region with the help of energy
efficient thin passive absorbers replacing the active noise controllers is relevant in this particular context.

Commonly used passive acoustic absorbers such as porous, non-porous and micro perforated panel
absorbers (MPP) have their own specific microstructural properties which enhance the sound absorption
mechanisms happening within them. Fibrous, granular and tubular structures existing in porous materials make
them efficient passive sound absorbers9,10,11. Composite making technology provides a wide opportunity for
properly using these peculiar structures of the porous natural as well as synthetic materials for noise reduction
applications in the particular frequency region of interest. The variability in the fiber diameter cum length and
the possibility in altering their orientation inside a host material make the fibrous materials suitable to be
engineered as efficient sound absorbing composites. The low cost natural fibers are proven as efficient reinforcing
element in producing a wide variety of useful eco-friendly and biodegradable composites. The low value of their
mechanical stiffness, strength and their hydrophilic nature are some of the major concerned designing issues
over the synthetic ones12-13. Natural fibers obtained from plants, animals, minerals found in nature as well as the
synthetic ones which find wide applications in industrial purposes are efficient in acoustic noise reduction
applications also because of their inherent properties14-15. Some of the prominently used natural fibers in textile
industries like cotton, jute, silk, wool, camel hair, flax etc. are effectively utilized in synthesizing passive noise
absorbing composites. Bamboo fiber, coconut fiber, kenaf, hemp, bagasse, sisal fiber, date palm fiber etc. are
some of the natural fibers commonly used in acoustic insulation applications16. According to Delaney Bazely
and Johnson Allard model the micro fibrous and lignocellulosic nature of these naturally existing fibers helps in
enhancing the sound absorption mechanisms happening within them17-18. The availability of the different
varieties of natural fibers with desired physical, mechanical cum chemical properties and their wide range of
fiber diameters in the micrometer range help in synthesizing passive noise absorbing composites in the desired
frequency region of interest19. D.J. Oldam et.al reported a peak acoustic absorption close to 1 in the frequency
region near 4KHz for cotton fiber reinforced composite sample whereas for jute fiber based one a peak absorption
of 0.8 was obtained close to 4kHz and when sisal fiber based composite is tried a very lower value of acoustic
absorption is obtained near to 4kHz. The variability in the acoustic response is due to the difference in the fiber
diameter and the mechanical properties of the above fibers as reported by Oldham et.al.20. I. Suhawati et al
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reported a peak acoustic absorption coefficient of 0.9 at the frequency 3kHz when a rubber based composite is
reinforced with kenaf fiber21.  Whereas when kenaf fiber is incorporated in a polypropylene based composite
100% absorption is obtained at 3.2 KHz as reported by D. V. Parikh et al.22. The peak acoustic absorption shift
to the higher frequency region between 3kHz to 6kHz when hemp fiber is used as a reinforcing element instead
of kenaf in another polypropylene based composite23. Polymer fibers, carbon fibers, mineral fibers and regenerated
natural fibers are widely used in various applications in this current world of technology24-25. They are proven
as efficient ones in acoustic noise reduction applications also because of the possibility in properly engineering
their physical and chemical properties with the help of the recent advancements in the field of nanotechnology
and composite making technology26-28. In this work glass fiber and basalt fiber based epoxy laminates are
prepared and acoustically characterized and compared. Herein we report, the hydrophobic and stable basalt
fiber composite prepared by Vacuum Assisted Resin Transfer Molding Technology (VARTM) for sound
absorption at low frequency.

Glass fiber- one of the promising industrial materials having silica as its prominent content- is used in
this present study to prepare epoxy laminate for sound absorption applications. Glass fibers available in
various forms such as yarns, chopped strands, mats and fabrics make it comfortable to be utilized depending on
the application of interest. Their inherent physical cum chemical properties such as hardness, chemical inertness,
optical transparency, stability etc. make them a versatile material in various fields. The desirable fiber properties
of these microfibers such as stiffness, flexibility and strength make them the promising material of interest.
Different types of glass fibers like E-glass, S-glass, R-glass, C-glass, D-glass etc. are preferred in making
composites for medical, electrical and other industrial purposes29. Other than glass basalt fiber reinforced
epoxy laminate is also tried and compared its acoustic performance with that of the glass based one. This green
ecofriendly natural basalt fiber having peculiar properties of its own make it an innovative one for wide range of
applications.  As a result of the high mechanical strength, fire retardant nature, chemical inertness, nontoxic and
non-carcinogenic nature of these  micro fibrous basalt  fiber compared to glass and other synthetic fibers it is
emerging as a highly promising material of the 21st century30.

This present investigation focuses on the low frequency noise reduction problem with the help of the
natural basalt fiber based epoxy laminate.  Three different fiber based acoustic absorbers are synthesized and
their acoustic characterization is done so as to shift the maximum acoustic absorption to the low frequency
region in order to address the low frequency noise reduction problem with the help of these passive acoustic
absorbers. Glass fiber and the natural ecofriendly basalt fiber based porous acoustic absorbers are synthesized
and the frequency response of their acoustic absorption coefficient is studied. The shift in the peak absorption
coefficient when shifting from glass fiber epoxy laminate to the basalt fiber based one is investigated. The result
proves the efficiency of basalt fiber as a strong sound absorber in the low frequency region compared to glass
fiber matrix. Our result shows that this material is superior to the low frequency active noise controllers and the
passive synthetic acoustic absorbers reported in literature31-32. The hydrophobicity of the samples is measured
with contact angle measurement unit and acoustic absorption is measured with the impedance tube using the
four microphone transfer matrix method.

Sample Preparation using VARTM Technique :
The glass fiber and the basalt fiber based composites used in this study are prepared using the

Vacuum Assisted Resin Transfer Molding Technology (VARTM)33. Coating wax is applied on the clean and dry
mold surface for the easy removal of the composite. The cleaning of the mold surface is done with the help of
Acetone.  Here 16 layers of mats of basalt fibers weighing 384gm are used for preparing the composite and the
sealant tape is placed on surface. Hardener HY951 is mixed with Epoxy LY556 in the ratio 10:1. The resin is
sprayed evenly onto the surface of the mold and mixed by hand lay-up.  Spiral tube is fitted to Vacuum pump



which was used to vacuum out the air of the system. After peel ply, distribution mesh and vacuum bag were
placed. Monitoring and checking is necessary to ensure that there should be no leakage of vacuum. Vacuum-
infusion assisted hand lay-up method used in this study offers more benefits than hand lay-up method due to
the better fibers to resin bonding resulting in stronger and lighter laminates. Figure.1 shows the schematic
diagram of the VARTM set-up. The glass fiber based epoxy laminates are also used for preparing the epoxy
laminate in the same way. The sample so prepared is taken out carefully and cut it into circular shape for placing
it in the impedance tube for the acoustic characterization. Samples used for the present study are shown in
Figure. 2a and Figure. 2b.

Experimental set-up used for acoustic characterization :
The acoustic characterization of the sample is done using the four pole impedance tube set up shown

in Figure.3. The sound signals of varying frequency are sent from one end of the tube to the other one. The
sample under test of thickness d is placed at the middle portion of the

Figure.1. Schematic diagram of the VARTM technique.

Figure. 2a&2b. Glass fiber and Basalt fiber Epoxy Laminate.

Figure.3 Schematic diagram of the Impedance tube apparatus.
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impedance tube. The sound signals before entering the sample and after entering the sample p1 to p4 are
measured at the four microphone positions. Using these values the sound pressure levels on either side of the
sample can be determined in terms of the amplitude of the sound signal A, B, C, D at the four microphone
positions. These sound pressure levels are related to each other in terms of the transfer matrix T with elements
T11, T12, T21 and T22. The values of A,B,C,D  in  terms of the microphone positions x1  to x4   and pressure levels
p1 to p4  are given by equation (1 & 2).  The sound signals on either side of the sample at x=0 and x=d in terms
of A, B, C, D are given by (3 & 4). The sound pressure and velocity on either side of the sample in terms of
transfer matrix  and the elements of the transfer matrix are given in equation(5) and equation(6)  respectively.
The relation between transfer matrix elements and the characteristic impedance are given by equations (7) and
(8). The acoustic parameters of the specimen under test can be evaluated once the elements of the transfer
matrix are determined. The acoustic reflection and the absorption coefficient of the sample in terms of the
elements of the transfer matrix are shown in the equations (9& 10).

ܣ = ݆ ൫ 1ܲ݁ ݔ݆݇ 2− 2ܲ݁ ݔ݆݇ 1൯
݊݅ݏ2 	݇ (2ݔ−1ݔ) ,   C=݆൫ 3ܲ݁ ݔ݆݇ 4− 4ܲ݁ ݔ݆݇ 3൯

݊݅ݏ2 	݇ (4ݔ−3ݔ)   (1)

Where   kp   is given by the equation

B = ݆ ൫ 2ܲ݁ ݔ݆݇ 1− ݔ݆݇−1ܲ݁ 2൯
݊݅ݏ2 	݇ (2ݔ−1ݔ) ,    D=݆ ൫ 4ܲ݁ ݔ݆݇ 3− ݔ݆݇−2ܲ݁ 4൯

݊݅ݏ2 	݇ (4ݔ−3ݔ)   (2)

0=ݔ|ܲ = ܣ + ݀=ݔ|ܲ  ݀݊ܽ    ܤ  = ݆݀݇−݁ܥ ݆݀݇݁ܦ−  (3)

݀=ݔ|ܸ = ݆݀݇−݁ܥ ݁ܦ− ݆݇݀

ߩ  ܿ
0=ݔ|ܸ  ݀݊ܽ   = ܤ+ܣ

ߩ  ܿ
   (4)

൫ܸܲ൯|0=ݔ = ൬ 1ܶ1 1ܶ2

2ܶ1 2ܶ2
൰ ൫ܸܲ൯|ݔ=݀   (5)

൬ 1ܶ1 1ܶ2

2ܶ1 2ܶ2
൰= 1

P|ݔ|0ܸ=ݔ=݀  +P|ݔ=݀ 0=ݔ|ܸ  
ቆ

P|ݔ|ܸ݀=ݔ=݀  + P|0=ݔ|ܸ  0=ݔ P|2
0=ݔ − ܲ|2

݀=ݔ
V|2

0=ݔ − ܸ|2
݀=ݔ P|ݔ|ܸ݀=ݔ=݀  + P|0=ݔ|ܸ  0=ݔ

ቇ  (6)

In terms of the characteristic impedance kp the transfer matrix can be expressed as,

൬ 1ܶ1 1ܶ2
2ܶ1 2ܶ2

൰=൭
݀݌݇ݏ݋ܿ ݀݌݇݊݅ݏܿߩ݆
݊݅ݏ݆ ݀݌݇

ܿߩ
݀݌݇ݏ݋ܿ

൱  (7)

Where   kp  is given by the equation

݌݇ = 1
݀
1−ݏ݋ܿ

1ܶ1      (8)

ܴ = 1ܶ1 − ܿߩ 2ܶ1

1ܶ1 + ܿߩ 2ܶ1
  (9)

ߙ = 1− |ܴ|2  (10)

Results and Discussion

The acoustic absorption coefficient of the samples is calculated using the elements of the transfer
matrix determined using the sound pressure levels at the four microphone positions. The frequency response
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of the acoustic absorption coefficient is determined for the basalt fiber epoxy laminate and glass fiber epoxy
laminate. The comparison between the frequency response of acoustic absorption coefficient of glass fiber
epoxy laminate and that of the basalt fiber epoxy laminate is shown in Figure.4. In the case of this glass fiber
based sample it is possible to shift the acoustic absorption peak to the lower frequency region close to 2000Hz
with its acoustic absorption peak at 0.85 (Figure. 4) compared to that of the other reported fiber based  acoustic
samples20-23. When the basalt fiber laminates is tried for its acoustic response its acoustic absorption peak is
shifted to a still lower frequency value at 1500 Hz with a  higher value of peak absorption at 0.9967 (Figure. 4).
Here a shift in the acoustic absorption peak to the lower frequency region with an increase in its value is
achieved in this basalt fiber reinforced composite as a result of the decrease in fiber diameter of the basalt fiber
compared to that of the glass fiber. The SEM images of the basalt and glass fiber epoxy laminate shown in
Figure. 5a & 5b clearly reveal the low fiber diameter of basalt the fiber compared to that of the glass fiber sample
used in this study. This result is in accordance with the Delaney Bazeley and Jhonson Allard Model17-18.  The
contact angle measurement of the sample is also done and the results are shown in Figure.6a & 6b. The contact
angle for basalt fiber based composite is higher than that of the glass fiber based one and it is less hydrophilic
compared to the other one. Hence it is possible to reduce the moisture absorption and to increase mechanical
strength cum life time of this natural fiber when it is used in the form of this composite compared to the glass
fiber based one. Thus it is successfully  synthesized a composite with a high acoustic absorption coefficient of
0.9967 in the lower frequency region of 1500Hz when the natural ecofriendly bio sustainable basalt fiber –the
fiber of the 21st century- is used as the reinforcing fiber instead of the glass fiber in preparing the composite
material.  Thus this passive acoustic absorber can be used for low frequency noise reduction applications
replacing the active ones.

Figure. 4. Comparison of the frequency response of acoustic absorption coefficient of basalt
fiber and glass fiber epoxy laminate.
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Figure.5b SEM image of glass fiber based epoxy
laminate.

Figure. 5a. SEM image of  basalt fiber based
epoxy laminate.
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Conclusion

In the present investigation fiber based acoustic materials are prepared and their frequency response
of acoustic absorption coefficient is analyzed using transfer matrix analysis with the help of impedance tube.
The physical and microscopic structural properties of the fibers are utilized in synthesizing the acoustic absorbers
in the desired frequency region of interest. The glass fiber and basalt fiber based acoustic absorbers have their
own specific sound absorption peak at the characteristic frequency of their own. The fiber diameter plays a
crucial role in determining the acoustic absorption at a particular frequency region. Here a shifting in the
maximum acoustic response towards the lower frequency region is obtained when the natural ecofriendly basalt
fiber based composite is used. The hydrophilic nature of this natural fiber based composite is less compared to
that of the glass fiber based one. Thus it is successful in synthesizing a passive acoustic absorber with low
moisture absorbing capacity for low frequency noise reduction applications where only active ones are in use.

Future scope of the work :
This acoustic insulating material should be tested for its thermal, mechanical and dielectric properties

in order to optimize an acoustic insulator with good mechanical, thermal insulating and dielectric properties.
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