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Context of Study

Composites materials are replacing conventional materials in every walk of life due to its
easy manufacturing, higher mechanical properties and machineability. Composite materials
comprised of reinforcement and matrix. Recently a lot of emphasis is laid on using the
materials with least environmental effect, therefore, there is a lot of focus of biocomposites
e.g., composites made using one or both constituents from natural origin.

Currently, biocomposites made from natural fibers and thermoplastic matrix have gained
considerable attention. Among natural fibers the bast fibers are best candidates to be used in
composites materials due to better mechanical performance. These fibers include hemp, flax,
jute etc. Jute is also a bast fiber and found in abundance, while polypropylene is low-cost
thermoplastic material which is found easily. Its melting point is 160 °C, which is well below
200 °C, the degradation temperature of cellulose.

Despite the advantages of recyclability, biodegradability, low cost and availability, there are
issues associated with natural fiber composites. The market share of natural fiber composites
is limited due to limited number and quantities of natural fibers available for composites,
diversity in fiber’s structure, poor mechanical properties of fibers as well as composites,
susceptibility to microbial attacks, cellulose degradation temperature around 200° C, which
hinders development of natural fiber reinforced thermoplastic composites using
thermoforming and resin transfer molding at high temperatures.

The fabrication of thermoplastic matrix is a difficult job due to high viscosity factor. The
major problem in the fabrication of natural fibers is their hairiness which hinders the closer
packing of fibers constituents to have higher fiber volume fraction (FVF). The close packing
of natural fibers is worse than the filament yarns. In order to overcome this this issue certain
chemical treatments are normally used. Yet another problem associated with the natural fibers
is their poor wettability with the matrix, especially with thermoplastic matrices.

The area of applications of natural fiber thermoplastic composites can increase many folds
subject to addressing above issues of low fiber-matrix interface, poor wettability, hairiness of
natural fibers and low mechanical properties. In order to cover this hairiness, in order to
increase the weavability of natural fibers on weaving machines normally the technique of
yarn sizing (yarn coating) have been reported in the literature, however in order to increase
the weavability, there is no literature found on the reduction of natural fiber hairiness through

the singeing process which involves the burning of protruding fibers.



As per the best knowledge of the author 3D commingled weaving technique has not been
used for natural fiber composites to date. The major issue is the poor melting-out of
thermoplastic material in the thick inner layers, which do not directly contact the hot-
plates/heating system. This is a major problem to be addressed, especially for thick 3D
structures. Few works existed on the development prepregs based on natural fibers and
associated composites. The use of prepreg, especially the dry commingled prepregs, may
result in the development of more homogenous and high-quality natural fiber composites with
rapid fabrication. As per the best knowledge of the author, there is no detailed study available
regarding the manufacturing of thermoplastic composites through the application of gradual

loading technigue during thermoforming process.

Objectives of Thesis:

Based on the research gap identified in the literature the following objectives have been set in
this study:

I. To check the effect of jute yarn singeing on the physical and mechanical properties of
associated composites

Il. To develop and optimize commingling technique for fabrication of 1D and 2D natural
fiber reinforced thermoplastic composites and its comparison with composites made with
conventional fabrication techniques.

I1l. To develop and evaluate natural fiber reinforced 3D woven thermoplastic composites by
yarn commingling technique.

IV. To study the effect of instant and gradual loading during fabrication of thermoplastic

composite on physical and mechanical properties.

Structure of thesis:

This thesis comprised of 6 chapters.
Chapter 1:

In this chapter the literature review is presented, and this further divided in several sections.
First of all a brief introduction about composite, Natural Fibers Composite (NFC) and its
applications are presented. Subsequently, the fibers, yarns and reinforcements used in the
natural fiber composites are discussed in detail. The effect matrix used for the NFC are
described and techniques used for the thermoplastic composites making is also discussed in

detail, in addition, the pros and cons of various molding techniques are also presented. The
2



effect of fabrication parameters such as, time, temperature and pressure on composite making
using compression hot has also been discussed. Finally, the research gaps and objectives are

discussed.
Chapter 2:

This chapter discuss the details of materials, reinforcement manufacturing techniques,
composite fabrication methods and testing methods used in this thesis. The jute yarn used to
make all type of reinforcement and singed at flame to remove protruding fibers before
reinforcement weaving. After singeing the reinforcement was made either with the jute
commingled or non-commingled yarn. The commingled yarn was prepared by twisting
jute/PP yarn at simplex frame. The 1D (unidirectional), 2D and 3D reinforcement was
prepared. The composites were made at compression hot press using instant and gradual
loading techniques to check the effect of both the techniques. The tensile, flexural, short beam
shear and Charpy impact tests were conducted as per standards to compare the mechanical

properties of difference composites, later on the tested samples were checked microscopely.
Chapter 3:

This chapter entails the mechanical properties of four layered UD commingled and non-
commingled composites made using gradual loading. The tensile, flexural, short beam shear
and Charpy impact test were conducted to compare the properties of both type of composites.
The results show that the tensile strength of commingled composites was higher as compared
to non-commingled composites; similar results were observed for flexural, SBS and Charpy
impact. The overall failure strain is also higher for commingled composites. The microscopic
images of tested samples suggest that the fiber in the commingled composites are following
more wavy path which leads to higher strain values. The commingled technique, overall

improves the mechanical properties with better fiber-matrix interface.
Chapter 4.

In this chapter the mechanical properties of non-commingled jute/polypropylene composi