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ABSTRACT

Since last few decades, natural fibre reinforced polymer composites (NFRC) are moving towards
the forefront in the material community and are finding applications in different areas such as
automobile, construction, packaging etc. Experts predict that in near future the market size and
the demand for strong NFRC materials will grow exponentially. However, the NFRC materials
have some drawbacks such as poor fibre-matrix interaction, non-uniform fibre matrix distribution,
random fibre orientation in the composite structure etc. All these above mentioned factors reduce
the effective fibre strength utilization in the final composite and ultimately develop a composite
with inferior mechanical properties. Hence, the present research aims to develop a NFRC having
improved mechanical properties. Two different hybrid yarns i.e DREF yarn and thermally bonded
roving have been developed for this purpose and their various properties have been investigated
to appraise the preforming ability of these yarns. Further, hybrid yarns are consolidated into
unidirectional and woven fabric composite laminates. Finally various properties of these
composite samples such as tensile, flexural, impact have been probed and compared with glass-PP

composites.

Core-sheath structured DREF yarn has poor weavability as the sheath fibres are wrapped
loosely around the core. In the present study, the DREF yarns are subjected to a thermal
treatment to improve their weavability. Further, the effect of different process parameters
such as core twist, sheath ratio and thermal treatment temperature on hybrid yarn properties
has been studied thoroughly using Box-Behnken design. It has been observed that increase in
core content, surface treatment temperature and decrease in core twist enhance the weavability
of the DREF yarn. In order to analyze the influence of interface and DREF yarn structure on

unidirectional composite properties, DREF yarns are manufactured after varying the core yarn



twist and sheath percentage at three different levels and using MAgPP treated and untreated
flax yarn as core. These yarns are consolidated in a compression molding machine and the
resultant composites are tested for tensile, flexural and lzod impact properties. MAgPP
treatment of the core flax yarn, low core yarn twist and sheath content improve the tensile and
flexural properties of the hybrid yarn reinforced unidirectional composites while impact
strength decreases after the treatment and with increasing flax content and core twist. Further,
these DREF spun yarn compressed (DYC) composites are compared with the conventional
film stacked (FSC) composites at 40%, 50% and 60 % flax content levels. It has been
observed that irrespective of composite structure, the tensile and flexural properties of both
composite samples increase with increasing flax content but the impact strength decreases
with increasing flax content. However, at constant fibre volume fraction, the DY C composites
demonstrate better properties than the FSC composites. This is mainly due to better fibre-
matrix distribution and lower void content of the DYC composites than the FSC composites.

In order to improve the fibre orientation and fibre/matrix distribution in the composite
structure further, a novel, flax-polypropylene (PP) based twist-less, thermally bonded, flexible
roving (TBR) has been developed. Flax and PP fibres in this roving structure remain in a
mingled state and are highly oriented towards the roving axis. Fibres in TBR structure are
held together by means of thermoplastic resin at the roving surface while the roving core
remain unaffected. The effect of different process parameters on TBR properties relevant to
fabric formation have been studied using Box and Behnken design. The test results conclude
that the TBR samples are sufficiently strong as well as flexible enough to produce structural
woven textile preform. TBR based unidirectional composites are produced to study the effect

of TBR structure on their composite properties. Further, the properties TBR composites are

Vi



compared with the DYC composites. It has been observed that the tensile, flexural and Izod
impact properties of the TBR-composites increase with increasing flax content and with
increasing degree of flax and PP fibre mixing in the roving structure. Whereas, at constant
flax content, the TBR-composites demonstrate better tensile and flexural lzod impact
properties than DYC composites. Two woven fabrics with different fabric architecture (i.e.
plain woven and unidirectional) are manufactured using the optimized hybrid yarn i.e TBR
made of 60% flax and drawn through 6 drawing passages. The produced fabrics are
consolidated and the resultant composite laminate properties are then probed and compared
with glass-PP composites. It is observed that the TBR based plain woven fabric composites
demonstrate better impact performance and lower tensile and flexural properties than TBR
based UD-Fabric composites. However, the glass/PP composite exhibits better tensile,
flexural and low velocity impact properties than TBR based woven prepreg compressed

composites.
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