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ABSTRACT 

Blends of polyamide-612 (PA-612)/poly(ethylene-co-octene)-grafted-maleic anhydride 

elastomer (POE-g-MA) were prepared in a twin screw extruder in the composition range of 0-35 

wt% of POE-g-MA and were characterized for their morphological, thermo-kinetics, rheological, 

mechanical properties and fracture performance using SEM, DSC, TGA, tensile, flexural, Izod 

impact testing and essential work of fracture (EWF). The micro-structural changes due to POE-

g-MA incorporation in the PA-612 matrix have been analyzed and their microstructural 

attributes-mechanical performance correlations have been explored for PA-612/POE-g-MA 

model system. Micromechanical aspects were analyzed using conventional theoretical models 

for low strain mechanical response such as rule of mixtures and foam model and high strain 

mechanical response such as Nicolais-Narkis model and porosity model.  

The blend with 10 wt% of POE-g-MA showed optimum tensile, impact properties and 

fracture resistance and hence was selected as the (impact modified PA-612) base matrix for the 

preparation of halloysite nanotube (HNT) filled composites. Ternary nanocomposites of PA-

612/POE-g-MA/HNT based on optimized blends of PA-612/POE-g-MA were prepared and 

characterized for their structural, rheological, thermal, mechanical and fracture behavior. The 

morphological attributes such as state of dispersion as a function of HNT content and soft 

elastomer phase domain sizes dispersed in PA-612 matrix were characterized by TEM and SEM, 

whereas microstructural attributes such as crystalline organization/chemical interaction and 

fractured surface topography of the optimized blends and their nanocomposites were 

characterized by WAXD, SEM and other supporting techniques. Non-isothermal crystallization 

kinetics behaviors of neat PA-612, PA-612/POE-g-MA blends and their nanocomposites were 

investigated by DSC vis-à-vis the determination of various crystallization parameters using 
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Avrami kinetics and Mo theory based models. The activation energies responsible for 

crystallization process have been estimated for the blends and their nanocomposites using 

Takhor equation. The thermo-mechanical response of the blends and nanocomposites were 

studied using dynamic mechanical analysis.  

The melt rheology of blends and nanocomposites were studied by using parallel plate 

rheometry and capillary rheometry to assess the frequency dependence of moduli and complex 

viscosities.  

Comparative assessment of the crack toughness behavior of the blends and 

nanocomposites were carried out following the essential work of fracture (EWF) approach based 

on post yield fracture mechanics (PYFM) concept. The kinetic and energy related fracture 

parameters like crack extension, crack tip opening displacements (CTOD) and crack velocity ( 

CTOD rate) were used to evaluate the rate sensitivity of the blends and nanocomposites, while 

real-time visualization of strain field attributes responsible for toughness variations (as obtained 

by essential work of fracture approach) were computed based on surface displacement 

measurement techniques.  

Firstly, our study establishes the material design ideology of toughness-enhancement via 

POE-g-MA incorporation into PA-612 matrix by manipulating the compositional ratio and hence 

the soft-phase domain size. Secondly, 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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