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ABSTRACT

A relatively new type of reinforced composite material, derived from immiscible blends
of thermoplastic homopolymers, is characterised in this doctoral research. Microfibril
Reinforced Composites (MFCs) utilise common engineering and commodity polymers
to create high strength and stiffness microfibrils dispersed in an isotropic matrix.
Unlike traditional polymer composites, MFCs use the dispersed component of a blend
to create an even distribution of in situ reinforcing microfibrils via a simple extrusion,

drawing and processing technique.

This research quantifies the mechanical and oxygen gas barrier properties of polyolefin-
based MFCs containing polyethylene terephthalate (PET) microfibrils. It is concerned
not only with identifying MFCs with the best properties, but also with how

manufacturing parameters influence those properties.

Characterisation is split into several parts. Initial investigations into blend development

during extrusion and drawing were conducted. The main purpose of this was to gain a
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better understanding of the factors influencing the morphological changes that occur
during production. Blend viscosity ratio and capillary number were identified as key
factors in determining the onset of coalescence, deformation and break up of the
dispersed polymer. The effects on microfibril formation of several important
manufacturing parameters were highlighted, with die diameter and extrusion speed the
most influential of these. A significant skin-core microstructure was observed.
Formation of elongated microfibres (with negligible molecular chain alignment) was
shown to occur during extrusion, which was subsequently justified via modelling of the

shear stress flow fields in the die.

Drawn blends gave very high tensile strengths and stiffnesses due to highly oriented
molecular chains. A threshold draw ratio of 3.5, at which properties change
considerably, was identified. Mechanical properties of injection moulded MFCs from
polypropylene were not considerably better than the neat matrix polymer. However,
those from polyethylene (PE) showed significant improvement via injection moulding
and directional compression moulding. MFCs with just 30% microfibril content

displayed tensile properties up to six times greater than neat PE.

Measurements of oxygen gas permeability highlighted improvements of up to 65%.
Processing and cooling conditions were shown to significantly influence permeability
via a Taguchi experimental design analysis. MFC storage containers from PE/PET

were injection moulded as proof-of-concept on completion of the research.
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NOMENCLATURE

Greek symbols

(24

e

.

max

Coefficient of thermal expansion
Shear rate

Dynamic viscosity

Dynamic viscosity (matrix component)

Dynamic viscosity (reinforcing
component)

Reinforcement maximum packing
fraction

Capillary number

Critical capillary number
Viscosity ratio

Interfacial stress

Interfacial tension coefficient

Tensile stress

Critical stress
Tensile stress (matrix component)
Tensile stress (reinforcing component)

Tensile stress at given test angle

Shear stress
Diameter (of a fibre, fibril or droplet)

Fibre, fibril or droplet diameter
(average)

Fibre, fibril or droplet diameter
(maximum stable)

Droplet diameter (maximum stable in
vorticity direction)

(mm/mm.°C)
(1/s)

(Pa.s)

(Pa.s)

(Pa.s)

(Pa)

(Pa.m)

(MPa)

(MPa)

(MPa)

(MPa)

(MPa)

(Pa)

(um) or (mm)

(um) or (mm)
(um) or (mm)

(um) or (mm)
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English symbols

ST~ "H ' NS T v

o7

Particle packing fraction factor

Cross-sectional area
Die swell

Concentration, or
Crystallinity

Filament diameter, or
Diffusion coefficient

Filament diameter (average)
Filament diameter (drawn)
Filament diameter (undrawn)

Die diameter

Tensile modulus

Tensile modulus (matrix component)

Tensile modulus (reinforcing
component)

Enthalpy of fusion

Enthalpy of fusion for 100%
crystalline sample

Steady-state flux per unit area
Length (of a fibre, fibril or part)
Die land length, Film thickness

Molar amount of gas

Mass fraction

Permeability coefficient

Pressure

Peripheral roller speed during
drawing

Reduction ratio
Solubility constant
Standard deviation

Temperature

(mm’) or (m°)

(%)
(mm)
(m’/s)
(mm)
(mm)
(mm)
(mm)
(GPa)
(GPa)

(GPa)

(Jig)

(J/g)

(kg/m’s)
(um) or (mm)
(mm), (um)
(mol)

(mol/m.s.Pa) or
(ml.mm/m’.24hr.atm)

(kPa) or (atm)
(m/s)

(°C)
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o3

tcrit

Glass transition temperature
Melting temperature

Shearing time, or
test duration

Reduced time

Critical break-up time

Flow rate per unit area

Volume fraction (fibres)

Volume fraction (matrix component)
Percolation threshold

Volume fraction (reinforcing
component)

Fibre tensile strength
Transverse tensile strength

Response value

(°O
(°O

(s)

(s)
(ml/m’)

(MPa)
(MPa)
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GLOSSARY OF

TERMS & ABBREVIATIONS

Polymer names

HDPE
LDPE
LLDPE
PE
PET

PP

ABS
E-GMA
EVOH
MAPP
PA

PBT

PC
PP-g-MA
PS

PVC

Other abbreviations

ANOVA
ASTM
CDF
CLT
CM

high density polyethylene

low density polyethylene
linear low density polyethylene
polyethylene

poly(ethylene terephthalate)

polypropylene

acrylonitrile-butadiene-styrene
ethylene-glycidyl methacrylate

ethylene vinyl alcohol

maleated polypropylene

polyamide

poly(butylene terephthalate)
polycarbonate

maleic anhydride-grafted polypropylene
polystyrene

poly(vinyl chloride)

Analysis Of Variance

American Society for Testing and Materials
Cumulative Density Function

Central Limit Theorem

Compression Moulding
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DMTA
DR

DSC
EDS
FTIR
M
IUPAC
MFC
MFR/MFI
NFC
NMR
0,GTR
PLM
P'O,

PO,

Q-Q plot
RO#
RoM
SEM
S/N ratio
SO#
STP

TA

TEM
WAXS

Dynamic Mechanical Thermal Analysis
Draw Ratio

Differential Scanning Calorimetry
Energy Dispersive X-ray Spectroscopy
Fourier Transform Infra-red Spectroscopy
Injection Moulding

International Union of Pure and Applied Chemistry
Microfibril Reinforced Composite

Melt Flow Rate / Melt Flow Index
Nanofibril Reinforced Composite
Nuclear Magnetic Resonance

Oxygen Gas Transmission Rate
Polarizing Light Microscopy

Oxygen Permeance

Oxygen Permeability Coefficient
Quantile-Quantile plot

Random Order Number

Rule of Mixtures

Scanning Electron Microscopy
Signal-to-Noise Ratio

Standard Order Number

Standard Temperature and Pressure
Taguchi ANOVA

Transmission Electron Microscopy

Wide Angle X-ray Spectroscopy
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