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Non-destructive technique such as ultrasonic processing employed for surface modification of corn husk which changes 

the interfacial as well as skeletal arrangement in interlocking of fibres with polymer chain. Investigations were carried out 

on the organic waste obtained from the corn husk with characterization technique such as Scanning Electron Microscope 

(SEM), Energy Dispersive X-ray spectroscopy (EDX) and Fourier Transform Infrared Spectroscopy (FTIR) has been 

employed for surface analysis and study of compositional change in the modified fibre and composite material. Tensile 

strength of single corn husk fibre before and after surface treatment was observed to be increasing from 332.57 MPa to 

345.16 MPa which confirms the strong fibrillation due to surface treatment. Further acoustic performance of the composite 

reveals that treated composite has a potential to absorb 94% of sound which makes it a class - A type sound absorberas per 

ASTME 1154 standard. The enhanced physical, mechanical, acoustic and thermal properties of corn husk-epoxy composite 

confirm their suitability as potential smart sound-absorbing material. 
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Introduction 

In recent time of digital era the impact of noise 

pollution is rapidly increasing which creates a demand 

for acoustic materials that can sustain itself for 

dissipation of noise in everyday life. Noise pollution 

is one of the serious threats to human life in urban 

areas due to its long lasting effects. Therefore hunt for 

acoustic materials research is an accepted fact 

worldwide.
1 

The need of acoustic technology was 

highlighted subjecting to growing noise pollution 

worldwide by the committee for International Noise 

Awareness Day (April 2021).
(2)

 The adoption of 

newly discovered sustainable materials to absorb 

noise has gained its importance due to their selection 

of materials, design and fabrication technique which 

can lead to high acoustic value. The development of 

sustainable material from different waste for different 

technological applications such as designing of 

acoustic building material, parts of automobile, 

aeroplane, insulating material for heat and electricity 

in different industries are the cutting edge research 

findings for material researcher. In particular the 

agricultural residuals of different crops such as paddy, 

sugarcane, banana and corn have significant 

contribution in designing the carbon based composite 

material for various applications. Green biomaterials 

like fibre composites have gained much attention due 

to their biodegradability, cost effectiveness, 

non-toxicity, and environment friendly limiting the 

use of synthetic acoustic material. Sound-absorbing 

materials today largely consist of manufactured 

products such as foam, repurposed rubber, glass wool, 

and synthetic fibre that could be hazardous to human 

health, disruptive at work, and environmentally 

harmful. In present time industries and researchers are 

well concerned about green acoustic materials for its 

interesting properties like affordable, easy to make, 

compact, and lightweight and can absorb sound waves 

in a wider frequency range.
3
 Natural fibres are 

becoming increasingly popular, because of their 

porous structure and their comparatively low density 

since they are renewable, affordable, abundant, and 

offer lesser dangers to health while processing and 

handling. Though there are many biomaterials 

available in abundant amount but all do not posses’ 

high acoustic performance as like corn husk fibre. 

Fibers derived from corn husk are among the many 

undiscovered fibre sources. Corn husks are the outer 

covering of corn cob which is abundantly filled with 

ling fibers with cellulose as main constituent. Corn 

husks are lignocellulosic fibres that are often 
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discarded or utilized as compost fertilizer.
3
 Due to its 

heterogeneous and low-added values, lots of corn 

products are either incinerated or disposed which is 

leading to environmental pollution. A very few 

researchers have worked on corn based composite. 

Some researchers collected fibers from corn husk by 

chemical treatment using alkali andenzymes. From 

their studies they discovered that corn husk fibers 

consist of 80%–87% of cellulose. They combined 

corn husk fibers with other synthetic fibers to create 

yarn. The breaking strength and elongation were 

tested. Moreover, no comprehensive research on the 

morphological and physicochemical characteristics of 

corn husk fibre has also been published.
4-6

 Due to the 

fibre bridging property of natural fibres there are 

multiple sites of cracks on the fibre surface which 

occurs during fibre and matrix bonding. The presence 

of polar-hydroxyl group on the fibre surface increases 

the moisture absorbing capacity of fibre leading to 

very poor interfacial adhesion between fibre and 

matrix. In order to increase the interfacial adhesion 

between fibre and polymer matrix the method of 

surface modification should be adapted.
7
 The present 

work is carried out using non-destructive technique 

like ultrasonic treatment for well blending of 

surfactants like ethanol and acetone (E-A) in order to 

bleach the fibre surface.
8
 Various physical and 

mechanical properties of treated and untreated corn 

husk fibre are determined and compared. The brilliant 

mechanical strength, light weight, green syntheses are 

the key novelty of the present fabricated corn husk 

composite. Analysis of mechanical, acoustic and 

thermal phenomena of the synthesized composite has 

been done with basic principle of sound propagation. 

Material and Methods 

Materials 

The biomaterial considered here is the residual part 

of corn i.e. corn husk which was collected from local 

area and dried in sun light that can be used as 

reinforcement for the synthesis of composite as shown 

in Fig. 1(a). For surface modification of corn husk 

fibre optimized blend of ethyl alcohol and acetone 

(CDH Chemicals Pvt.ltd) were used. Polymer resin 

like Epoxy(LY 556) and curing agent like hardener 

(HY-9511) with a ratio of 10:1 was used for 

fabrication of composite. A square mold of dimension 

15 cm was taken for composite fabrication with 

Teflon sheet and silicon spray which was used as a 

releasing agent. 

Fibre Extraction Process 

The collected corn husks were soaked into water 

for 24 hours in order to allow microbiological 

deterioration for smooth removal of fibre. Corn husk 

were brushed with a comb to separate the fibres from 

the husk. The extracted corn husk fibres were washed 

thoroughly with normal water and kept in oven at 

80℃
 
for removal excess moisture. Further the dried 

corn husk fibre was cut into length of 15 cm using 

scissor as shown in Fig. 1(b). 

Chemical Treatment of Corn Husk Fibre 

Surface treatment of residual corn husk was 

performed by the compatible optimum blends of the 

surfactants. The compatibility of ethyl alcohol and 

acetone (E-A) were determined by computation of 

compressibility of the surfactants determined from 

ultrasonic velocity data in different mole fraction. An 

appropriate amount of ethyl alcohol and acetone were 

mixed in different concentration and stored in airtight 

containers for ultrasonic measurement from which 

optimized compatible blends are to be selected for 

surface modification of corn husk fibres. Ultrasonic 

velocity has been determined in the prepared solution 

using a multi frequency ultrasonic interferometer 

(M-84S). Ultrasonic velocity measurement has been 

performed with an accuracy of ± 0.01 m/s. The 

densities of the blended solution as well as the pure 

chemicals were measured with the help of a double 

limbed pycnometer with accuracy up to ± 0.0001 

kg/m
3
. The temperature of the sample was maintained 

constant with the help of a temperature controlled bath 

with a precision of ± 0.01K. The mixture was kept 

inside the sonicator for 1 hour for well compatibility of 

the surfactants. Further corn husk fibres of uniform 

length were soaked in the surfactant for 12 hours. The 

treated fibres were then dried in normal room 

temperature which is ready to be used in fabrication of 

composite. The treatment of corn husk fibre with 

alcohol can cause the alignment of highly packed 

crystalline cellulose to shift to an amorphous zone.
9
 

The possible chemical reaction of C2H5OH with corn Fig. 1— (a) Corn husk (b) Corn husk fibre 



SINGH & NATH: DEVELOPMENT OF SUSTAINABLE THERMO ACOUSTIC MATERIAL 217 

husk fibre takes place on the surface of the fibres 

modifies the surface of the corn husk to a large extent 

by removal of OH group in the fibre. This treatment 

changes the fibre becomes hydrophobic by evaporating 

water by the reaction of ethanol blended acetone on the 

surface of the corn husk fibre. Aside from that, the 

alcohol treatment aids in the cleaning of the fibre 

surface by eliminating lignin, hemicelluloses, wax, 

pectin, and oilwhich reduces the dimension of 

cellulosic material of the corn husk converting from 

hydrophilic to hydrophobic.
10,11

 The resulting reaction 

that causes the modification on surface corn husk is 

represented by the necessary chemical reaction 

followed by removal of water as follows:  

Main reaction 

Corn husk-OH + CH3COOH + C2H5OH 

Corn husk-COOC2H5 +C2H5CH3 + H2O  

(Acetone) (Ethanol) (Action of glyceraldehyde) 

(Propane) 

Side reaction 

CH3COOH + C2H5OH   OH- COOC2H5 + C2H5CH3  

(Acetone) (Ethanol) (Glyceraldehyde) 

Experimental Details for Fabrication of Corn Husk Fibre 

Composite 
After surface treatment the fibres were washed with 

distilled water to neutralise the pH. The treated fibres 

were kept in oven at 60℃ for four hours for post curing 

process. For well-mixing of polymer and the curing 

agent, appropriate amount of epoxy LY-556 and 

hardener HY-951 with a ratio of 10:1 by weights 

were stirred continuously for 20 minutes. The colour of 

epoxy resin changes from colourless to light yellow 

transparent viscous liquid. Thesurface modified corn 

husk fibres were then positioned longitudinally within 

the well mixed matrix of epoxy and hardener in a square 

mould of dimension 15 cm. The inner side of the mould 

was coated by the releasing agent (silicone spray) to 

lubricate the surface of the mould for smooth release of 

composite. The sample was given pressure with four 

C-clamps from four sides and allowed to set for 

24 hours. After 24 hours the composite was removed 

and was cut for various testing. The general method of 

collection of raw materials and preparation of samples is 

shown in Fig. 2. 

Measurement of Physical Properties of Corn Husk Fibre 

Any biocomposite to be effectively act as sound 

absorber and dampening insulator must have to 

possess the physical and mechanical characteristics 

which are well described by acoustic parameters such 

as porosity ( ), airflow resistivity () and tortuosity 

( ). The other physical properties like density, water 

containt, diameter and thermal conductivity are 

Fig. 2 — Preparation process of corn husk composite 
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determined to support the sound absorption efficiency 

of the material. As a carbon rich bio material, corn 

husk fibre used as a potential reinforcement for 

acoustic material with polymer resin matrix 

associated with the above characteristics. The acoustic 

parameters related to composites are computed 

theoretically which are well observed in analysis of 

composite material as sound absorber. In a non-

acoustic approach, the porosity of the corn husk fibre 

was determined using the water saturation technique 

with confined value varying between 0 to 1.
(15)

 At 

105°C, the fibres were dried for one day. They were 

then weighed before being submerged in water. After 

completion of 24 hours, the fibres were removed and 

weighed. Porosity of the fibres were determined with 

the formula sw VV / , where wV denotes the volume

of the fibre occupied by water and sV denotes the

total volume of the fibre. The volume of water 

estimated by the formulas.
14
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where, Mwet is the wet mass of the fibre and Mdry is 

the dry mass of fibre, 
w is density of normal water.

Airflow resistivity is the resistance experienced by 

air when passing through a material. Using the value 

of porosity, the flow resistivity of corn husk fibre was 

determined theoretically by using the formula
16 
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where,  is the viscosity of the air (1.84×10
−5

 Pa), 

 is the porosity and d is the radius of the

fibres.Tortuosity is a structural characteristic in

porous materials showing the amount of sound waves

entering the material space. The tortuosity ( ) is

computed from the porosity ( ) data as
17
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The variations in fibre size are one of the primary 

factors of the sound absorption for any porous 

materials. The diameter of the fibre was measured 

with a micrometre screw gauge with accuracy up to ± 

0.01mm. The material density is considered as an 

important characteristic that impacts the compatibility 

of the sound absorption in a composite which is 

computed by the formula: 

 water

bwa WWW
Density 


 aW

)(

where, Wa denotes the weight of the specimen in 

air, Ww denotes the weight of the partially immersed 

wire specimen holder, Wb denotes the weight of the 

specimen completely immersed in distilled water, and

water denotes the density of distilled water at the

temperature being measured. The moisture containt 

was determined by dividing the quantity of water 

vapour absorbed by the sample's dry weight. The 

moisture containt of the fibres was determined using 

the ASTM (D 2495-01) standard test procedure.
18

 

The ratio of the mass of moisture in the fibre to the 

weight of dried fibre expressed as a percentage (Mt %) 

at each time period t is used to determine the quantity 

of moisture absorbed by a fibre. 

100% 



d

dt
t

m
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M

where, mt is the fibre mass at time t, md is the mass 

of the dried fibre and Mt% is the moisture absorbed by 

the fibre at time t. Thermal conductivity of corn husk 

composite was measured using thermal analyzer 

(KD2-Pro meter logger). A rectangular sample of the 

composite was taken with three regions located at 

different distances for average data. The regions are 

greased by thermal grease for well conduction of heat 

as well as for swift movement of the sensor tip. The 

TR-3 thermal sensor (2.4mm diameter and 100mm 

length) was inserted into the hole and the 

measurement was recorded in the thermal analyzer. 

The TR-3 thermal sensor uses an infinite Line Heat 

Pulse Technique (ILHP) to measure the thermal 

conductivity and resistivity of the composite. 

Characterization of Corn Husk Fibre and its Composite 

A scanning electron microscope (HITACHI SU 

3500) operating at 5 kV was used to investigate the 

morphological changes that occur throughout 

different phases of the processing of corn husk fibre. 

The composite specimens were cut into slice and 

mounted over the specimen (aluminium) stub using an 

adhesive tape with coating of gold was used. 

A pressure of about 0.1 torr and current of 18mA was 

applied to make the sample conductive. The surface 

pictures at various magnifications were captured in 

differentorientation to provide a clear picture of 

the surface alteration. Elementary composition of 
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the composite was investigated using energy 

dispersive X-Ray spectroscopy (EDX) according to 

ASTM F 1375 standard.
19

 In addition, details of the 

distinct functional groups present on the untreated and 

treated corn husk fibre were obtained using Fourier 

Transform Infrared spectroscopy (FTIR) (Bruker 

Alpha-II USA) working under ASTM E 1790 

standardwith the wave number ranging from 4000-

500 cm
−1

 in the transmittance mode.
20

 

Experimental Setup for Sound Absorption Measurement 

Sound absorption measurement of the synthesized 

corn husk composite was measured using impedance 

tube (HOLMARC-HO-ED-A-03) method. The system 

consists of a solid brass tube of length 1000mm with a 

speaker at one end and the sample holder at the other 

end. A pair of microphones separated by a defined 

distance was attached to this tube using microphone 

holders. These microphones were connected by means 

of signal conditioners and a data gathering system to a 

digital signal analyser. The speakers in the impedance 

tube were powered by a function generator. The 

irregular variations of peaks at different frequencies 

ranging from 500 to 3150 Hz were recorded with the 

system compatible to impedance tube. The complete 

experimental setup for sound absorption tests is 

shown in Fig. 3. 

Mechanical Property 

Tensile strength and Young's modulus of single 

corn husk fibre before and after surface treatment was 

measured using INSTRON Universal Testing 

Machine (UTM) with 10N load cell. The corn husk 

fibres were attached to the holder at 28°C with 78% 

of relative humidity. The crosshead speed was set to 

1mm/min and gauge length of sample was taken 

50mm. For each treated as well as untreated 

condition, three samples were tested and the average 

values are calculated according to standard ASTM 

D-3379-75 value. The preparation for testing of 

sample with experimental setup is shown in Fig. 4. 

Results and Discussion 

Various physical properties such as fibre diameter, 

porosity, tortuosity, density of raw and treated corn 

husk fibre has been measured and tabulated in 

Table 1. It is observed that the diameter of the treated 

fibre becomes shrinked from 0.2 mm to 0.12 mm 

which may be due to the removal of micro voids in 

the fibre structure leading to decrease the aspect of 

length to diameter ratio. The decrease in length to 

diameter ratio of the fibre results in increase of sound 

absorption which indicates the increase in fibre 

volume with increase of fibre materials and enhances 

the sound absorption efficiency.
19–21

 It is observed that 

the porosity of corn husk fibre increases from 71% to 

87% with increase of fibre volume due to interlocking 

between the fibres and matrix material. Further, it is 

very clearly found that the porosity increases when 

the corn husk fibres are bleached with alcohol 

blended acetone. The peculiarity behind this treatment 

is that when fibrous material are dipped in to mixture 

of ethanol and acetone the interaction of carbonyl 

group of acetone with -OH group of the fibre takes 

place readily. As a result the ethanol blended acetone 

capable to removal -OH polymer group from the 

cellulose of lignocelluloses material converting it into 

hydrophobic from hydrophilic. The increase in 

porosity of fibre results in decrease ofthe elongation 

path focusing on the lumen structure of the fibre 

which decreases the tortuosity of the fibre. The sound 

absorption coefficient fluctuates morewhen the 

tortuosity is decreases from 1.02 to 0.98 as shown in 

Table 1.
(22–23)

 This indicates the air flow resistivity 

increases due to vibration of the air molecules inside 

the porous structure. Presence of air inside the porous 

structure decreases the incident phonon scattering 

which lowers the thermal conductivity of the 

Fig. 3 — Experimental setup of sound absorption test using 

impedance tube 

Fig. 4 — (a) Set up for tensile strength test (b) Single fibre 

specimen for tensile strength test 
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composite. Thus, the more is tortuosity of porous 

material, higher is the thermal resistivity.
24

  

The density of a fibre is one of the most effective 

criteria that determine how well the sound gets 

absorbed by the composite. With increasing in fibre 

density the sound absorption value in the middle and 

higher frequencies range increases. The data 

presented in Table 1 shows that the density of 

untreated corn husk fibre is 1.42 gm/cm
3 

whereas the 

density of treated corn husk is 1.44 gm/cm
3
. This is 

because surfactants have a dissolving impact on non-

cellulosic constituent such as Hemi-cellulose and 

Lignin which lowers the mass of natural fibre.
25

 

Consequently, fibre volume reduces and increases the 

density of the fibre. It is observed that with alcohol 

treatment the moisture contain decreases from 36% to 

28% which inferred that the surface treatment of corn 

husk fibre with alcoholic treatment increases 

hydrophobicity by the substitution of hydroxyl group 

of cellulose with hydrophobic alcohol components.
12

 

The alcohol treatment reduces the diameter of the 

fibre and changes fibre elasticity, increases the 

resistance to airflow and enhances composite 

porosity. As porosity increases, the amplitude of the 

sound wave diminishes due to its motion through the 

void spaces on the fibre surface.
26

 As sound waves 

travel the rough and convoluted path of materials, 

sound energy is converted into heat energy radiated to 

surrounding making the corn husk composite as 

goodsoundabsorber. 

The Scanning Electron Microscopy (SEM) images 
of untreated and treated fibre as well as composite of 
corn husks fibre are shown in Fig. 5 (a)–(e), where 

there is a major transformation in fibre surface which 
is important to analyse the interfacial bonding 
between the corn husk fibre and epoxy resin for the 
synthesis of bio composite. The surfaces of the 
untreated corn husk fibres are covered by impurities 
associated with shallow grooves like structures are 

observed in both longitudinal and cross sectional 
structures of the fibre as shown in Fig. 5 (a) and (b). 
Fig. 5 (c–d) shows scanning of electron micro graphs 
of surface modified corn husk fibre. Due to the action 
of surfactants on the fibre impurities like wax, lignin, 
cellulose and hemicellulose are removed from the 

fibre surface resulting in distinct view of fibrils with 
larger number of pores/voids as shown in Fig. 5 (c) 
and (d).

13
 The presence of multiple voids on the 

surface of the composite indicatesthe porous nature of 
the biocomposite which are created due to bonding 

between the fibres and polymer matrix as shown in 
Fig. 5 (e). Due to hydrophobic nature of the treated 
fibres there is large no. of voids or pores are present 
with interlocking of fibres and polymer resins.

27
 

The Energy-Dispersive X-ray Spectroscopy (EDS) 

of a corn husk dust composite is shown in Fig. 6. 

The graph displays the atomic weight percentages and 

elemental peaks in corn husk fibre. From the EDS 

data it is observed that the main compositions of corn 

husk composite are carbon and oxygen. In the corn 

husk composite the percentage of carbon is 60.62% 

which is more than that of other natural fibres. This 

might be because of existence of additional non 

cellulosic constituents in corn husk fibre
28

. Due to 

treatment of alcohol, the oxygen weight % decreases 

Table 1 — Physical properties of corn husk fibre 

Sl. no Type fibre diameter 

(mm) 

Porosity Tortuosity Density 

(gm/cm3) 

Moisture 

containt (%) 

Air flow resistivity 

(PaSm−2) 

1 Untreated 0.2 71 1.02 1.42 28 1825 

2 Treated 0.12 87 0.98 1.36 16 1648 

Fig. 5 — Scanning Electron Microscope (SEM) of Corn husk:  

(a, b) untreated fibre, (c, d) alcohol treated fibre, and (e) corn husk 

composite 



SINGH & NATH: DEVELOPMENT OF SUSTAINABLE THERMO ACOUSTIC MATERIAL 221 

as compared to carbon weight % which is due to 

elimination of hemicellulose, lignin and other 

cellulosic components from the fibrils material and 

there is trace levels of silica, sodium, and other 

elements are detected in the corn husk fibre. The 

presence of silica enhances the stiffness property by 

enhancing the fibre and matrix adhesion which in 

further increases the tensile strength of the 

composite.
29

 There is a very little trace of about 

0.21% of sodium was found in the alcohol treated 

composite which suggest that before chemical 

treatment there is lack in proper washing of the fibre 

for which some traces of inorganic particles like Na 

are left deposited. During chemical treatment of corn 

husk the presence of different elements are identified 

with their weight percentage. From the EDS of treated 

corn husk fibre composite presence of 39.09% of 

oxygen was found. This indicates the presence of 

oxygen related functional group like Glyceraldehyde 

which creates active sites for absorption process. The 

hydrophobicity and the reorientation of other 

functional group lead to roughness and porosity on 

the surface of the corn husk which is major 

contribution to the sound absorption phenomena. 

The powder sample of corn husk fibre was 

characterized using FTIR spectroscopy as shown in 

Fig. 7 (a) and (b) for untreated and treated corn husk 

fibre respectively. A broad band of absorption peak is 

observed from 2925.8 cm
−1 

to 1640.49 cm
−1 

which 

confirms the O-H stretching. The absorption bands at 

1740.1, 1638.4, 1605.1, and 1514.1 cm
−1

are 

unnoticeable in treated corn husk fibre. On the treated 

corn husk spectra, the spectra at 1514.1 cm
−1

 is 

absent, while spectrum at 1249.5 cm
−1

 is substantially 

decreased at treated fibre than untreated one. 

Nonexistence of the absorption spectrum from 

1440.65 cm
−1 

to 1640.49 cm
−1 

in the treated corn husk 

fibre spectra clearly implies that most of the lignin has 

been eliminated. As seen in the graph, the huge 

absorption spectra 3421.1 cm
−1 

is connected to the 

stretching frequency of O-H group, whereas a spectra 

2918.2 cm
−1

 is attributed to stretching frequency of 

-CH- group. Existence of novel and strong absorption

spectra 1740.1 cm
−1

 endorses the stretching of -C-O-

O- group, and carboxyl groups as salts are assigned at

1424.65 cm
−1 

wave number. The -OH stretching and -

C-O-C- stretching are seen in the bands at 1160.90

cm
−1

 and 1062.65 cm
-1 

respectively.
30

 Presence of 1,4-

glycoside of cellulose is observed at a wavelength of

896.59 cm
−1

. This confirms the presence less trace of

cellulose and lignin in the fibre after the surface

treatment. From the absorbance spectra of both

untreated and treated corn husk fibre a slight shifting

in band position is observed. This shifting in bond is

due to the increase in intermolecular hydrogen

bonding responsible for increased compatibility and

stronger adhesion of fibre with polymer matrix.
31

During treatment of corn husk with acetone and

ethanol, different functional groups are identified with

their absorbance intensity. From the FTIR spectra a

wide peak was observed for OH group, indicating the

loss of OH group making hydrophobic nature of the

treated corn husk. The hydrophobicity and the

reorientation of other functional group in the spectra

lead to roughness and porosity on the surface of the

fibers making the composite suitable for sound

absorption.
32

 The porous nature and development of

the elastic skeletal structure in the composite was

confirmed from the SEM image that contributes the

acoustic analysis of the material.

Alcohol blended surface modification causes a 

tremendous effect on tensile and elasticity property of 

corn husk fibre.
32

 Since chemical composition of both 

corn husk fibre and epoxy resin are completely 

different, there is a need of strong interfacial adhesion 

for stronger tensile strength as well as bonding 

throughout the interface. Tensile characteristics and 

Fig. 6 — EDS of corn husk dust composite Fig. 7 — FTIR spectra of (a) untreated corn husk fibre and 

(b) treated corn husk fibre
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young’s modulus of both untreated and treated corn 

husk fibre are compared in Fig. 8 (a) and (b). There is 

an increase in young’s modulus as well as tensile 

strength value of corn husk fibre when treated with 

0.4 molar concentrations of acetone and ethanol. 

Untreated corn husk fibre shows a tensile strength of 

332.57 MPa which rises to 345.16 MPa after surface 

modification of fibres. The secondary hydroxyl and 

epoxy groups present in epoxy polymer reacts with 

curing agent (hardener) and forms a three-

dimensional network structure which makes the cured 

resin have strong cohesive force and good adhesion 

between the fibre and polymer matrix. Modulus of 

elasticity (Young’s modulus) for untreated corn fibre 

was 17.02235 GPa which rises to 17.958 GPa after 

surface treatment. The young’s modulus of all treated 

samples improved due to the elimination of 

amorphous components during alcohol treatment. The 

graph in Fig. 8 (c) shows that the improvements are 

due to the reduction in fibre diameter from 0.2 mm to 

0.12 mm after the surface modification of corn husk 

fibre. The decrease in fibre diameter is due to the 

damage of cellulose, lignin, and related hemicellulose 

in fibre with the alcoholic treatment which improves 

the strength of the corn husk fibres.
33

 The fiber’s 

aspect ratio and surface roughness are increased as a 

result of the surface treatment, which boosts the 

tensile strength of the composite as well.  

Measurement of sound absorption coefficient is 

performed using impedance tube. It is observed from 

Fig. 9 (a) that sound absorption coefficient increases 

with the increase in frequency from 500 Hz to 3000 

Hz. The absorption at low frequencies is 

comparatively smaller than higher frequencies with an 

increasing trend after 500 Hz in both treated and 

untreated corn husk composite. Since the corn husk 

fibres are treated with E-Ablended surfactants, the 

sound reflection becomes less, which leads to higher 

sound absorption because of the elimination of 

cellular impurities and increase in carbon and oxygen 

content. However, the absorption value fluctuates a 

little bit and is influenced by specific properties like 

density and porosity of corn husk fibres. The presence 

of air molecules in the void places vibrate 

spontaneously when porous surfaces of the material 

are exposes to a high sound intensity. The elastic 

Fig. 8 — (a) Tensile strengths of corn husk fibre, untreated and treated (b) Young’s modulus graph for untreated and treated corn husk 

fibres (c) Average diameter graph of raw and treated corn husk fibres 

Fig. 9— (a) Variation of sound absorption coefficient with frequency (b) Regression graph 
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skeletal structure as observed in images of SEM 

undergoes mechanical vibrations and obstruct the 

flow of sound in its propagation causes the decrease 

in tortuosity. The loss of vibrational energy inside the 

composite appears as radiated heat energychanging 

thermal conductivity of the material. The E-A blended 

on corn husk reduces the diameter of the fibrils which 

increased the airflow resistivity within the void 

places. Decreasing in fibre diameter leads to increase 

in number of fibres per unit area which increases the 

porosity of the composite. From the graph it is 

confirmed that the treated corn husk composite shows 

better sound absorption which increases from 0.86 to 

0.94 in the composite made up of untreated corn husk 

compared to treated corn husk. This is due to 

formation of better elastic skeletal structure 

and increase in porosity of the material due to 

E-A treatment. At higher frequency the wavelength 

of sound decreases to ¼ octave waves which increases 

superposition of incident and reflected sound 

inside the porous structure of composite which results 

in larger sound absorption.
35

 Thus the composite 

may be utilized as class-A sound absorber according 

to Standard SREN ISO 11654-2002 value. The 

linear regression analysis for accuracy of sound 

absorption coefficient of corn husk composite 

is shown in Fig. 9 (b). The coefficient of correlation 

(R
2
) of treated corn husk composite was determined to 

be 0.9998. Because the R
2
 value is quite high nearer 

to 1, the error fluctuations across composite are 

very less.
34

 From polynomial trend line it can be seen 

that for frequency 800 Hz the sound absorption 

coefficient should be 0.46 for treated composite 

but according to the experiment the sound absorption 

coefficient should is 0.44. Thus it can be concluded 

that the experimental data is nearer to the predicted 

data. 

Thermal conductivity of the synthesized composite 

is mainly influenced by the effect of uniform fibre 

dispersion patterns in the polymer matrix. The 

thermal conductivity of both treated and untreated 

corn husk fibre with respect to temperature is shown 

in Fig. 10 (a). The thermal conductivity value 

increases from 0.0625 to 0.0689 W/mK in treated 

corn husk fibre. From the Figure, it can be concluded 

that at 46°C the composite attain saturation point 

which means above 46°C the thermal conductivity 

value starts decreasing. Consequently, when the 

temperature rises and the vibrations increase, a 

balance between phonon propagation and scattering is 

established and thermal conductivity decreases as the 

temperature rises further. In present biocomposite as 

corn husk fibres are blended with the epoxy polymer 

and distributedhomogeneously, the compactness of 

the material decreases. As a result the thermal wave 

moves slowly through the composite.Anotherreason is 

that, thepresence of large no of void places filled with 

air makes the compositeas bad conductor of heat for 

which the thermal conductivity value increases 

progressively.
36

 A linear regression analysis of treated 

corn husk composite was done to confirm the trend of 

experimental and predicted values of thermal 

conductivity which is shown in Fig. 10 (b) According 

to the predicted data the thermal conductivity for 

treated composite should be 0.06 W/m.K but the 

experimental value is 0.056 W/m.K. The coefficient 

of correlation (R
2
) between both the experimental and 

calculated values was determined to be 0.9949, which 

Fig. 10 — (a) Thermal conductivity of corn husk composite at different temperature (b) regression graph 
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is close to 1.
(37)

 Thus, the experimental values follows 

similar trend with the predicted value.
38

 
 

Conclusions 

Ultrasonic technique for compatibility and surface 

treatment was employed for selection of blending 

surfactant. E-A treatment increases the durability, 

surface roughness and bond strength of corn husk 

fibre. Various physical properties like porosity, 

tortuosity, density, moisture containt; airflow 

resistivity of the fibre was calculated using theoretical 

approach. The result showed better physical property 

of treated corn husk fibre than the untreated fibre. On 

alcoholic treatment the porosity of the fibre increased 

leading to decrease in tortuosity and increase in flow 

resistivity. With decrease in tortuosity a shorter path 

is created for air to flow through a porous medium. 

With increase in air flow resistivity higher sound 

absorption was achieved. The different 

characterization like FTIR, SEM and EDS confirms 

the different mechanical, physical and shielding 

performance for sound and heat of the composite. 

Ductility and yield strength of the fibre has been 

studied using destructive tensile strength test indicate 

the deformation in cellulose as well as anti cellulose. 

Form analysis of thermal properties of the composite 

it is concluded that the bio composite has ability to 

absorb heat due to random distribution of fibres and 

interfacial adhesion of the fibre- polymer matrix 

which makes the composite an insulator. The 

optimum sound absorption coefficient was found to 

be 0.94 at a frequency of 3000 Hz which is classified 

as class-A type acoustic shielding material as per the 

International standard EN ISO 11654. The 

synthesized acoustic material may be proposed for its 

commercial and industrial application particularly as a 

noise absorber in different home appliances, 

machineries, and automobile parts. 
 

Acknowledgement 

The authors are thankful to Planning and 

Convergence Department, Govt. of Odisha, for the 

project, No.2751 PC-INO-ACTI-0010-2018 /Pand 

Vice-Chancellor VSSUT, Burla for laboratory 

facilities to execute the research work. 
 

Reference 
1 Gilani T A & Mir M S, A study on the assessment of traffic 

noise induced annoyance and awareness levels about  

the potential health effects among residents living  

around a noise-sensitive area, Environ Sci Pollut Res,  

28 (2021) 63045–63064. 

2 Jezdović I, Popović S , Radenković M , Labus A & 

Bogdanović Z, Crowdsensing platform for real-time 

monitoring and analysis of noise pollution in 

smart cities, Sust Comp Inform Syst, 31 (2021) 2210–5379. 

3 Bakri M K B, Investigation of Acoustical and Mechanical 

Properties of Epoxy Based Natural Fibre Composites, PhD 

Dissertation, Swinburne University of Technology, Sarawak 

Campus, 2015. 

4 William P A, Renewable Resources for Functional Polymers 

and Biomaterials: Polysaccharides, Proteins and Polyesters 

(RSC Publishing: Cambridge, UK) 2011.  

5 Reddy N & Yang Y, Long natural cellulosic fibres from 

cornhusks: structure and properties, AATCC review, (2005a) 

24–27. 

6 Reddy N & Yang Y, Properties and potential applications of 

natural cellulose fibers from cornhusks, Green Chem, 7 

(2005b) 190–195. 

7 Yilmaz N D, Effect of chemical extraction parameters on 

corn husk fibres characteristics, Indian J Fibre Text Res, 38 

(2013) 29–34. 

8 Yeasmin M S & Mondal M I H, Synthesis of highly 

substituted carboxymethyl cellulose depending on cellulose 

particle size, Int J Bio Mac, 80 (2015) 725–731.  

9 Rachtanapun P & Suriyatem R, Value added of durian husk: 

synthesis of carboxymethyl cellulose from durian husk, 

Thailand: Chiang Mai University, 2009.  

10 Mondal I H, Yeasmin S & Rahman S, Preparation of food 

grade carboxymethyl cellulose from corn husk agro waste, 

Int J Bio Macromol, 79 (2015) 144–150.  

11 Singh P P & Nath G, Noise Reduction Analysis through 

Biomaterial Based Acoustic Material, Ind J Pur Appl Phy, 59 

(2021) 426–436. 

12 Basak S & Ali S W, Fire resistant behaviour of cellulosic 

textile functionalized with wastage plant bio-molecules: a 

comparative scientific report, Int J Bio Macromol, 114 

(2018) 169–180. 
13 Fidelis M , Pereira T V C , Gomes O & Silva F A, The effect 

of fiber morphology on the tensile strength of natural fibers, 
J Mater Res Technol, 2(2) (2013) 149–157. 

14 Reddy N & Yang Y Q, Long natural cellulosic fibres from 
corn husks: structure and properties, AATCC review, 5(7) 
(2005) 24–27. 

15 Yilmaz N D , Cahskan E & Yilmaz K, Effect of xylanase 
enzyme on mechanical properties of fibres extracted from 
undried and dried corn husks, Ind J Fibre Text Res, 39 
(2014) 60–64. 

16 Yilmaz N D, Effect of chemical extraction parameters on 

corn husk fibres characteristics, Indian J Fibre Text Res, 

38(1) 2013 29–34. 

17 Tang X , Zhang X , Zhang H & Zhuang X, Corn husk for 

noise reduction: Robust acoustic absorption and reduced 

thickness, App Acoust, 134 (2018) 60–68. 

18 Megha B E, Keerthi G B S & Easwara G L P, A study on 

hardness attributes of banana and jute polyester composites, 

J Reinf Plast Compos, 2(4) (2017) 172–176 

19 Kwon H J, Sunthornvarabhas J, Park J W & Lee J H,  

Tensile properties of kenaf fibre and corn husk flour 

reinforced poly (lactic acid) hybrid bio-composites: Role of 

aspect ratio of natural fibers, Comp Part B: Eng, 56 (2014) 

232–237. 

20 Herlina S N, Wardana I N G, Irawan Y S & Siswanto S, 

Characterization of the Chemical, Physical, and Mechanical 



SINGH & NATH: DEVELOPMENT OF SUSTAINABLE THERMO ACOUSTIC MATERIAL 225 

Properties of NaOH-treated Natural Cellulosic Fibers from 

Corn Husks, J Nat Fibers, 15(4) (2017) 545–558. 

21 Baghestany A K ,Yazdani S & Ahmadian M, World Trade 

Market Structure for Corn, Int J Life Sci, 8(5) (2014) 1–5. 

22 Gopinath A & Senthil K M, Experimental investigations on 

mechanical properties of jute fiber reinforced composites 

with polyester and epoxy resin matrices, Proc Eng, 97 (2014) 

2052–63.  

23 Hossain M K, Karim M R, Chowdhury M R & Imam M A, 

Comparative mechanical and thermal study of chemically 

treated and untreated single sugarcane fiber bundle, Ind 

Crops Prod, 58 (2014 ) 78–90 .  

24 Huda S & Yang Y, A novel approach of manufacturing light-

weight composites with polypropylene web and 

mechanically split Cornhusk, Ind Crops Prod, 30(1) (2009) 

17–23. 

25 Mendes C A D C, Adnet F A D O, Leite M C A M , Furtado 

C & Maria F A, Chemical, physical, mechanical, thermal and 

morphological characterization of corn husk residue, Cellul 

Chem Technol, 49(9) (2015) 727–735.  

26 Reddy N & Yang Y, Properties and potential applications of 

natural cellulose fibers from corn husks, Green Chem, 7 

(2005) 190–195. 

27 Berardi U & Iannace G, Acoustic characterization of natural 

fibers for sound absorption applications, Build Environ, 

94(2) (2015) 840–852. 

28 Guday A, Steuernagel L, Meiners D & Rotich G K, Effect of 

surface treatment on moisture absorption, thermal, and 

mechanical properties of corn husk fiber, J Ind Text, (2020). 

29 Sarangi A, Nath G, Swain S K & Paikaray R, Chemical 

modification of natural fibers with acetone blended alcohols, 

Adv Sci Lett, 20(3–4) (2014) 570–573. 

30 Ibrahim M I J , Sapuan S M , Zainudin E S & Zuhri M Y M, 

Preparation and characterization of cornhusk/sugar palm 

fiber reinforced Cornstarch-based hybrid composites, 

J Mater Res Technol, 9(1) (2020) 190–195.  

31 Miličić I, Folic R, Prokić A & Ceh A, Model for the analysis 

of thermal conductivity of composite material of natural 

origin, Therm Sci, 23(6A) (2019) 3513–3523. 

32 Singh A, Sujatmika E, Hong T W, Durairaj R & Hamid H S 

H B, A Review: Characteristics of noise absorption material, 

J Phys Conf Ser, 908 (2017) 012005.  

33 Satyanarayana K G, Arizaga G G C & Wypych F, 

Biodegradable composites based on lingo cellulosic fibers-

An overview, Prog Polym Sci, 34 (9) (2009) 982–1021. 

34 Sari N H, WardanaI N G, Irawan Y S & Siswanto E, Physical 

and acoustical properties of corn husk fiber panels, Adv 

Acoust Vib, (2016) 5971814. 

35 Radzman M A M, Study of the Mechanical & Sound 

Absorption Properties of Natural Fibre (Corn Husks) as 

Reinforced Composite, Bachelor of Engineering Thesis, 

Universiti Teknologi PETRONAS, 2015, 16273. 

36 Sari N H, Wardana I N G, Irawan Y S & Siswanto E, 

The effect of sodium hydroxide on chemical and mechanical 

properties of corn husk fiber orient, J Chem, 33(6) 

(2017).  

37 Lokantara I P, Suardana N P G, Surata I W & Winaya I N S, 

A Review on natural fibers: extraction process and properties 

of grass fibers, Int J Mech Eng Techn, 11(1) (2020) 

84–91. 

38 Garadimani K R, Raju G U & Kodancha K G, Study on 

mechanical properties of corn cob particle and e-glass fiber 

reinforced hybrid polymer composites, Amer J Mat Sci, 

5(3C) (2015) 86–91. 


