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Abstract

Recently, the plant-based textile structural composites gained importance because of their
greater strength-to-weight ratio, high corrosion resistance, and lower maintenance. The plant
fibres are gradually replacing the synthetic fibres as reinforcements for the development of
environment friendly products (door trim panels, engine and transmission enclosures, etc.)
However, the plant fibres have few limitations over synthetic fibres especially in textile
structural composites (subsea equipment, airplane and the oil gas industry, etc.), where they
need to demonstrate superior long term mechanical performance to cyclic (fatigue) as well as
long term constant load (creep) situations in harsh environments of varying temperature and
humidity levels. This could result in dimensional instability and even structural failure of
composites due to poor creep properties. In this thesis, we try to understand the creep behaviour
of plant fibre-based textile structural composites during their service lifetime and exposure to

aggressive environments conditions.

In the first study, the surface of jute fabrics was modified by alkali, ozone, and plasma
treatments to remove the non-cellulosic materials and thereby improve their adhesion with
epoxy matrix. The performance of surface treatments was evaluated based on surface
morphology, mechanical properties, hydrophilicity, etc. The ozone surface treatment was
found to remove lignin and increase hydrophilicity of jute fibres to greater extent as compared

to other treatments, however with higher tendency of defibrillation and fibre rupture.

In the second study, the effect of alkali, ozone, and plasma surface treatments on the
variability of the tensile strength of jute fibres was characterized by the Weibull analysis. It
was found that the shape parameter (i.e. Weibull modulus) of surface treated jute fibres was

higher than that of the untreated jute fibres. The plasma and ozone treatments of jute fibres



showed best results in terms of high Weibull modulus, low standard deviation and higher

coefficient of correlation (R?).

In the third study, the creep behaviour of jute fabric/epoxy composites at different
environment temperatures was studied using several creep models (i.e., Burger’s model,
Findley’s power law model, and Coupling Model). Ozone-treated samples demonstrated higher
creep resistance than alkali- and untreated samples over most of the temperature range, whereas
alkali-treated fibres exhibited superior behaviour at lower temperatures. Furthermore, the
ozone treated composites shown higher elastic deformation occurring instantaneously at
elevated temperatures of 70 °C and 100 °C, whereas less amount of deformation occurring due
to the viscous regions as compared to alkali-treated jute fabric composites. The various creep
models suggested that the improvement in fibre/matrix interface is very important to ensure

longer life of natural fibre-based composites.

In the fourth study, the effect of surface treatment and subsequent separation of
individual cellulose micro/nano fibrils from jute, corn husk and sisal plant fibres were studied.
The ozone pre-treatment followed by pulverization in ball milling was selected for this purpose.
The effect of ozone treatment was examined from morphological, physical, and mechanical
properties using FTIR, XRD, SEM, TGA, etc techniques. The tensile strength of the fibres
weakened gradually as the treatment time of ozonisation increased. The maximum drop in
tensile strength was seen in case of corn husk fibres followed by sisal and jute fibres after the
ozone treatments. The tensile strength was reduced by 70 %, 60 %, and 47 % in case of corn
husk, sisal, and jute fibres respectively after 15 min of ozone treatment. When pulverization of
plant fibres was carried out in ball milling, the ozone treatment was observed beneficial for
easier defibrillation of cellulose micro/nano fibrils. The pulverization of jute, corn husk and
sisal fibres produced the particles with diameter of 610 nm, 380 nm, and 530 nm after 15 min

of ozone treatment respectively.

i



In the fifth study, the creep performance of ozone treated jute fabric/epoxy composites
was studied at different environment temperatures after incorporation of 1, 3 and 5 wt. % of
ozonized and pulverized cellulose particles. The incorporation of cellulose particles was found
to lower the creep deformation of jute fabric/epoxy composites. The creep resistance of 5 wt.%
filler loaded composites was found superior, especially at higher temperatures. The higher
elastic deformation and slower viscous deformation was found in case of filler loaded
composites at elevated temperatures of 70 °C and 100 °C. The various creep models were used
to estimate the durability of composites by validating the obtained creep results. The coupling
model predicted the creep behaviour of composites more accurately in addition to explanation

on the creep mechanism.
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American Society for Testing and Materials
Alkali treated jute fabric

Alkali treated jute yarn +epoxy

Bacterial Nanofibrillated Cellulose
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Nanofibre

Ends per Inch

Intial Modulus

Equilibrium Modulus

Fourier Transform Infrared Spectroscopy
Fourier Scanning Electron Microscope
High Density Polyethylene

Colour Strength
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Microcrystalline Cellulose

Weibull Modulus
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Sodium Bromide
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OJY+E
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PJF

PVA

PJY+E

RZ

RHA

RPP

SEM

TEMPO

TGA

UTM

UJF

Sodium Hypochlorite

Neat Polypropylene

Ozone

Ozone treated fabric

Ozone treated jute yarn + epoxy

Ozone treated jute fibres, corn husk fibres and sisal fibres

Polybutylene adipate terephthalate
Picks per Inch

Polyvinyl Chloride

Plasma treated fabric

Polyvinyl Alcohol

Plasma treated jute yarn +epoxy
Coefficient of Determination

Rice Husk Ash

Recycled polypropylene

Scanning Electron Microscopy
2,2,6,6-tetramethylpiperidine-1-oxyl
Thermogravimetric Analysis
Universal Testing Machine

Untreated Jute Fabric
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Untreated jute yarn + epoxy

X-ray Diffraction
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v, yP Surface energies of solid dispersive and polar components
Vs Surface free energy of solid

F(x) Cumulative distribution function of Weibull distribution
R(x) Probability of survival of the variable x, reliability

T Interfacial shear force

e(t) Strain at a given time

£ Instantaneous strain.

& Applied stress

Ey . Ex Elastic modulus of Maxwell Spring and Kelvin Spring

- Viscosity of dashpot

£ Constant value of creep with time,

£ Earliest saturated value of creep in short time

e Long-time value of creep

N » Represents the viscosities of the Maxwell and Kelvin dashpots
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D(t) Creep compliance dependent on time
Initial and Equilibrium compliances

DOaDe
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