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ABSTRACT

The aim of the present study is to investigate systematically the effect of two naturally
occurring nanoclays like Halloysite nanotubes and Sepiolite on various properties of HDPE
and to develop HDPE based nanocomposite material for blow molding applications like fuel
tank and solvent containers with reduced permeation of hydrocarbon solvents and liquid
fuels.

HDPE is the most suitable material for the fabrication of containers for hydrocarbon solvent
and fuel storage because it is recognized as a light weight, low cost and anticorrosion material
having good stiffness to toughness ratio. However, HDPE has poor permeation resistance to
hydrocarbon solvents (e.g. xylene and acetone) and fuels (e.g. gasoline, diesel and kerosene).
Such permeation will result in environment pollution, safety and health problems. In order to
improve this poor permeation resistance of HDPE, the nano-clay technology is currently
generating a great deal of interest, due to its potential cost effective advantages in
reinforcement, fire retardancy and dimensional stability along with barrier properties.

The thesis comprises of six chapters. Chapter 1 describes the literature background of
polymer nanocomposites with particular attention to polyethylene (PE) based systems,
challenges involved in dispersion of nanoclays and the effect of compatibilization. It also
includes literature about the synergistic effect of nanoclays on the permeation properties,
permeation rates and permeation mechanism of different hydrocarbon solvents and fuels on
HDPE based systems. The motivation and objectives of the present study is also included at
the end of this chapter.

Chapter 2 gives experimental details for melt blending HDPE with HNTs or Sepiolite, in
absence and presence of compatibilizer [PE-g-MA] and characterization of nanocomposites
using SEM, TEM and XRD (Morphological characterization), DSC and TGA (Thermal
characterization), parallel plate, capillary rheometer and Rheotens (Rheological studies),
DMA (Thermo-mechanical characterization), UTM (Mechanical properties i.e. tensile,
flexural, impact), barrier properties and flammability by LOI test.

The effect of HNT loading and HNT to compatibiliser [PE-g-MA] ratio (1:0.5, 1:1, 1:1.5
keeping HNT content fixed at 10 wt%) on the morphological, mechanical, thermal and
rheological properties (parallel plate, capillary rheometer and rheotens) of HDPE was
investigated [chapter 3A and 3B]. SEM and TEM were conducted to analyze dispersion of
HNTs in HDPE matrix. Tensile properties are described and correlated with different



theoretical models. Incorporation of HNTs up to 10 wt% did not affect the tensile properties.
A marginal increase in tensile modulus was observed (~10 %) and it reduces upon the
addition of compatibiliser but is always higher as compared to neat HDPE. It appears that the
addition of halloysite nanotubes leads to an improvement in flexural modulus and strength.
The percent increase is about 17 % for flexural modulus and 12 % for flexural strength at 5
wt% HNT loading. While increasing the filler fraction from 5 to 10 wt% did not show any
significant effect on flexural properties but modulus decreased slightly in compatibilised
composites which show the plasticization effect of compatibiliser or likely due to the lower
crystallinity of PE-g-MA compared to HDPE. Thermal stability increases remarkably (48°C)
with increasing amounts of HNT content upto 10 wt% HNT which further increases in the
presence of compatibiliser.

Melt strength and drawability were determined using Rheotens whereas extensional viscosity
was calculated from (i) Wagner’s master curve (using Rheotens data) and (ii) modified
Cogswell method (using convergent flow analysis from capillary rheometer data). In
HDPE/HNT composites, melt extensional properties (melt strength, drawability and
extensional viscosity) increased slightly with increase in HNT concentration up to 5% w/w
followed by a decrease as HNT concentration was increased to 10% w/w. On the other hand,
all these properties enhanced significantly in the presence of compatibiliser i.e. in HDPE/ PE-
g-MA/HNTs nanocomposites. Optimum amount of compatibiliser was found to be 1:1 i.e.
filler : compatibiliser ratio. The rheological properties of HD/HNT composites are also
evaluated by capillary rheometer at different temperatures 190, 200 and 210 °C. Both
Complex viscosity and storage modulus in oscillatory rheometry were highest for
nanocomposites prepared using 10% w/w HNT and reduced slightly after incorporation of
compatibiliser.

The influence of Sepiolite loading (1-10 wt %) and type of compatibiliser on morphology,
mechanical, thermal, dynamic mechanical and rheological properties of HDPE was
investigated and the results are compiled in Chapter 4A and 4B. Maleic anhydride grafted
polyethylene (PE-g-MA) (having different MFI and maleic anhydride content) were used as
compatibiliser to investigate systematically the effect of polarity and molecular weight on the
properties of HDPE/Sepiolite nanocomposites. SEM and TEM revealed the better dispersion
of Sepiolite in presence of compatibiliser; however, it was much better when PE-g-MA
having higher MFI was used as compared to compatibiliser having lower MFI. Sepiolite-clay
significantly enhanced the mechanical properties, melt strength and extensional viscosity

with slight reduction in drawability at 10% w/w loading. For example, ~40% increase in

\Y



tensile modulus and ~50% improvement in flexural modulus was obtained at 10% w/w
Sepiolite loading. The compatibiliser having lower MFI showed significant improvement in
melt extensional properties as compared to compatibiliser having higher MFI. Storage
modulus and loss modulus both in oscillatory rheometry and in DMA were highest for
nanocomposite prepared using 10 wt % Sepiolite owing to the improved mechanical restrain
by the dispersed phase. In the presence of compatibilizer, the values of storage modulus and
loss modulus were lower as compared to uncompatibilized nanocomposites at same loading
of Sepiolite. The reduction in modulus is more pronounced in composites prepared using
compatibilizer of lower molar mass as compared to those prepared using higher molar mass
compatibilizer.

Investigations on the barrier properties of HDPE, HDPE/Halloysites (HNT) and
HDPE/Sepiolite composites against hydrocarbon solvents (xylene & acetone) and fuels
(gasoline, diesel and kerosene) are reported in Chapter 5. It was found that the solvent and
fuel permeation resistance was superior in nanocomposites as compared to neat HDPE. In
addition, the barrier properties of HDPE were significantly influenced by the clay content and
the maximum improvement in the permeation was observed at 10 wt% of clay loading. The
best barrier properties were obtained with Sepiolite which has higher aspect ratio as
compared to HNTs. The compatibilised composites with oriented Sepiolite fibres showed
better improvement in barrier properties as compared to uncompatibilsed nanocomposites. It
was also observed that the rate of non polar solvent (xylene, gasoline) permeating through the
bottles is much faster than that of polar solvent (acetone).

The summary, conclusions and the scope for future work is given in chapter 6.

Vi
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