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ABSTRACT

The quest for lighter and stronger materials led to introduction of fibre reinforced polymer
composite materials in the field of material science. Polymer composites produced from
synthetic materials do not degrade on disposal and pose a threat to environment in the
longer run. Moreover, most synthetic polymers based composites are produced from
petroleum which is depleting and will finish in future. Biocomposites have been explored
by researchers to partially or fully replace synthetic fibre based polymer composites in
various applications. Natural fibres are used instead of glass or other synthetic fibres in as
reinforcement in composites due to several advantages like low density, low cost,
availability, biodegradability, non-toxicity, high specific strength, non-abrasive nature,
ease of processability, etc. Biocomposites have some inherent drawbacks such as poor
interface with matrix, moisture sensitivity, etc., which limits their use in various
applications. In order to overcome the inherent drawbacks of biocomposites, various
physical and chemical treatments, and modifications in matrix or fibre surface have been
proposed by researchers, which primarily improve interface between reinforcement and
matrix. However, it is still a challenge to improve mechanical properties of biocomposites
despite various efforts to improve interfacial adhesion. Another emerging approach to
improve mechanical properties of biocomposites is hybridisation. Originally, hybridisation
was introduced to synthetic fibre based polymer composites to reduce cost and introduce
ductility, which helped in avoiding abrupt failures. Hybridisation in natural fibre based
composites started lately. In recent years, studies on hybridisation in biocomposites have
gained thrust and hybrid effect is utilised to achieve the desired enhancement in mechanical

properties.



In the current study, hybridisation in biocomposites was studied by using coir and banana
fibres as reinforcement in polypropylene matrix, and its effect on mechanical and acoustic
properties was investigated. A series of hybrid and non-hybrid composites were produced
from randomly oriented chopped coir and banana fibres in polypropylene matrix using
compression moulding technique. Composites were fabricated at 5%, 10%, 15%, 20% and
25% fibre loading at banana to coir ratio of 1:0, 3:1, 1:1, 1:3 and 0:1. Tensile, impact, and
flexural testing of samples was carried out according to ASTM D638, ASTM D256 and

ASTM D790 standard test methods, respectively.

Further, hybrid effect in tensile strength, tensile modulus, flexural strength, flexural
modulus, and impact energy of the composite samples was studied in detail. Experimental
results for tensile properties were compared with predicted values from rule of hybrid
mixture, series model, Hirsch model, and modified Halpin-Tsai model. The effect of
hybridisation on pseudoductility was also investigated. Hybrid composites at different fibre
ratios were compared with non-hybrid composites and the effect of fibre volume fraction,
ratio of fibres and fibre dispersion was subsequently discussed. This study also found that
positive or negative deviation in hybrid effect is a function of the total fibre loading as well

as ratio of two fibres within composite samples.

As biocomposites have a strong potential in structural applications, the acoustic behavior
IS an important parameter to be investigated. Sound insulation of hybrid composites
composed of banana:coir::1:1 and total fibre loading of 5%, 10%, 15%, 20% and 25% was
determined. Impedance tube method (using four microphones) based on DIN EN ISO 717-
1 standard test method was used to determine transmission loss through the samples, and

results were compared to that of non-hybrid composites. Effect of hybridisation, volume
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fraction, fibre dispersion, and various other factors on sound insulation of composite
structures was investigated. For sound absorption applications, hybrid and non-hybrid
fibrous beds were produced from coir and banana fibres at different areal density of 1500
gsm, 3000 gsm, and 4500 gsm. Two microphone method in impedance tube setup was used
for studying sound absorption according to DIN EN ISO 10534 standard test method. The
effect of various parameters affecting sound absorption of these fibrous beds were
investigated and discussed in detail. Acoustic testing in both cases, was carried out in the

frequency range of 150 Hz to 6600 Hz.

It was found that composite samples displayed better sound insulation but poor sound
absorption. On the other hand, fibre beds performed well in sound absorption and poorly
in sound insulation. Therefore we developed a unique fibrous structures having a gradient
in compactness using banana and coir fibres. This structure was intended to fulfill the
conflicting requirements of sound insulating materials and sound absorbing materials. A
process was designed to create a structure with varying rigidity along the cross-section,
i.e., compactness changes on moving from one face to the opposite face. These samples
were fabricated at 1500 gsm, 3000 gsm and 4500 gsm and were tested under sound
absorption and transmission mode in the impedance tube, as mentioned earlier. It was
found that these structures performed notably well in sound absorption as well as sound
insulation. The factors affecting acoustic property were also determined and compared to
that of fibrous beds. The study also suggests ideal structures for various acoustic
applications. It was interesting to see that samples with gradient compactness displayed

maximum noise reduction coefficient (NRC) of 0.78 and transmission loss upto 23 dB.
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Finally all important findings elucidated in the previous chapters have been summarised
and future scope of the research work is suggested. The results presented as a part of this
thesis are expected to be used in production of sustainable materials for a wide range of
applications. Outcome of this work has a potential to contribute towards studies on other
biodegradable fibres or fillers, and can be used for various types of cellulose based

agricultural wastes.
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Effect of different type of arrangements on flexural modulus
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3:1, (b) 1:1 and (c) 1:3.

Schematic representation of tensile and compressive forces
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