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Abstract
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Objectives:

Characterisation of the solid state morphology in the linear polyethylene / ethylene-ct-olefin
copolymer blend that exhibits hiquid-liquid phase separation, over the practical range of
processing conditions used in fabricanon, and comparison with the corresponding quiescent

conditions.

Detailed investigation of processing - morphology relationships, physical characterisation, and

physical property determination.

Microstructure - mechanical deformaton analysis of selected, novel, liquid-liquid phase
separation morphologies and immiscible blend morphologies through a fracture mechanics

approach.

Ulamately, it 1s hoped that processing-morphology-property relatons will be well established for
this system, leading to the preparation of compounds with optmised that possess enhanced

physical propertes.

Method
To investigate the effects of thermomechanical history upon morphology evolution, samples
were prepared with a well-defined history through solution blending followed by shearing at a

range of temperatures. The morphology changes during subsequent annealing in the melt-state



were followed through quenching the samples from the melt and observing sections or prepared

surfaces through microscopy.

Results and Discussion:

The thermomechanical history of polyoletin blends has a pronounced eftect upon
the morphology development, and therefore the physical properties of the maternials. The effects
of temperature and shear history ditter depending upon the inherent mutual compatbility of the
constituent polymers.

In systems that were deemed partally miscible, such as the polyethylene / poly(ethylene-
co-1-octene) blend, melt tlow resulted in the formation of a fine length-scale morphology
comprsing intertwined polyvethylene lamellae and poly(ethylene-co-1-octene) domains. The
morphology resulted from the concurrent liquid-liquid and solid-liquid phase separation that
occurred upon cessation of tlow and cooling.

In the partially miscible systems, shearing was found to affect the superposition of time
and temperature upon the coarsening process that was observed for samples prepared without
shearing. Shearing two-phase melts at 1 s! led to coarsening of the domain morphology at an
accelerated rate 1n comparison with unsheared samples and those sheared at 50 s'!. In all cases,
conditioning of samples at elevated temperature resulted in reduced coarsening during
subsequent annealing. Morcover, the influence of elevated temperature was enhanced through
intenstve shearing during injecuon moulding. The short ume spent at the elevated temperature
has a cnitcal effect upon the morphology that forms in subsequent operatuons. This effect was
not a consequence of changes in melt viscosity, as evidenced by the non-superimposition of the
results data when the superposition of time and temperature was assumed. The complex, mulu-
layered phase morphology produced in the solid state during moulding, was the product of the
partial miscibility 1n the melt state and the phase separation that takes place upon cooling and
crystalisation. The resultant morphology has a marked bearing upon the toughness of the
material under impact condituons at sub-ambient temperature. Coarser morphologies that are a
consequence of higher elastomers contents and less compaubility of the blend components at
lower temperature result in greater impact toughness at sub-ambient temperature.

In the isotactic polypropylene and isotactic poly(propylene-co-ethylene) systems that
exhibited poorer compaubility than the polyethylene formulations, the impact properties were
catically dependent upon the injection moulding conditions, with decreases in toughness
associated with increased elastomer domain sizes at higher moulding temperatures. For the PE
that exhibited pronounced miscibility in the melt-state, differences in the processing conditions

had a relatively minor influence upon impact toughness.
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The presence of the branched copolymer affected the fracture of PE differently depending
upon the state of the test specimens. For crack propagaton in the TD, the orientation of the PE

dominated the fracture process and hence the presence of EOC had little effect. For crack

propagaton in the MD, the branched copolymer increased the non-essenual work of fracture,

but had little ettect upon the essenual work of fracrure.

Conclusions:

It has been shown that the processing historv has a pronounced effect upon the
morphology development of polyolefin blends. The effect of shearing and temperature have a
critical eftect upon the morphology that torms through subsequent processes, in some cases
resulting in a 200 to 300 %o difference in measured toughness. Moreover, the kev findings are that
it 1s viral to understand the mechanism ot morphology development since this has an important
effect upon the morphology that is subsequently produced. This has partcular relevance in
polymer processing because polymer maternials usually experience two to three stages of melt
processing in the production of a fimished arucle. Each step of the processing then must be

considered to understand the morphology and properues of the finished arucle.
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