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Abstract

Binary blends of HDPE/UHMWPE were prepared by melt-mixing technique in a twin screw
extruder in the composition range of 0-40 wt.% of UHMWPE. Test specimens were fabricated
by injection/compression molding and examined for their thermal, rheological, morphological,
quasi-static and dynamic mechanical responses. Furthermore, the use of essential work of
fracture (EWF) approach adds a new dimension to the material development process. This EWF
method critically assesses the resistances to crack initiation and crack propagation values
responsible for energy dissipation in inner fracture process zone (IFPZ) and outer plastic
deformation zone (OPDZ) respectively. The kinetic and energy related fracture parameters for
example crack extension (Aa), crack tip opening displacement (CTOD), crack velocity (CTOD
rate) and J-integral were evaluated to understand the rate sensitivity and crack resistance
behavior of the blends. In addition, strain field analysis via digital image correlations techniques
was performed to assess the strain distribution, which indirectly deciphers the stress energy
dissipation ability and thus provides insight details about the fracture toughness. The
microstructural changes due to UHMWPE incorporation in the HDPE matrix and its influence on
the mechanical properties of investigated blends were comprehensively studied. It has been
found that the blend containing 30 wt.% of UHMWPE possessed optimum tensile properties,
impact strength and fracture resistance and hence, it was selected as the base matrix for the

fabrication of HAP filled ternary composites.

Composites based on optimized blend matrix i.e., HDPE/UHMWPE (70/30 wt./wt.) and
HAP filler were fabricated and assessed for their microstructural, viscoelastic and quasi-static
mechanical responses. The morphological attributes such as state of dispersion of HAP and

UHMWPE in the continuous HDPE matrix were characterized by using scanning electron
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microscopy (SEM). The microstructural attributes, such as crystalline organization and fractured
surface topography of the investigated blends and composites, were characterized by differential
scanning calorimetry (DSC), wide-angle X-ray diffraction (WAXD) and other supporting
techniques. The thermo-mechanical response of the blends and composites were studied by
dynamic mechanical analysis (DMA). The melt rheology of blends and composites at low and
high shear rates were studied by parallel plate rheometry and capillary rheometry respectively, to
assess the frequency dependence of moduli and viscosities. Comparative assessment of the crack
toughness behavior of the blends and composites were carried out following the EWF approach
based on post yield fracture mechanics (PYFM) concept and J-integral based elastic plastic
fracture mechanics (EPFM) approach. Crack propagation kinetics and strain field analysis of
investigated blends and composites were eventually carried out for the better understanding of

fracture mechanism.

Thus, our study establishes the material design ideology of stiffness-toughness enhancement
via UHMWPE incorporation into HDPE matrix by manipulating the compositional ratio.
Moreover, the use of energy based EWF and J-integral approaches add a new dimension to the
material development process. Eventually, the study demonstrates the quantification of the stress
wave dissipation modes via strain field analysis and strain mapping via multi-stage section
diagrams, which is fundamentally a new approach not only to understand fracture mechanics for
designing materials for specific applications but also to elucidate the validity regime of the post

yield fracture mechanics principles for such model systems.
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