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Abstract:

Biaxial drawing of semi-crystalline polymers is typically used in applications including, for
example, biaxial oriented PE- and PP-films or thermoformed products. Implementing biaxial
drawing for production of biaxially oriented polyolefin pipes provides a route for production of
pipe products with properties outperforming those prepared via a standard pipe extrusion
process. Besides improvements in Young’s modulus and impact behavior, the improvements
in hydrostatic pressure and chemical resistance reported recently are of particular interest with
regard to final applications of these new products.

Utilizing biaxial drawing in biaxial pipe production poses significant challenges, in particular
with regard to controlling drawing conditions during the solid-state deformation process as they
affect the final morphology of the product formed under ambient conditions. Ideally, the
drawing process causes orientation of polymer chains along both, axial and hoop direction, but
in practice equibiaxial orientation is encountered only in cases where processing speed are
decreased to levels that are not attractive from a commercial point of view. In fact, several
parameters like draw ratios, draw speed and in particular draw temperature provide a strong
influence on the semi-crystalline morphology of the final product and hence, its macroscopic
properties.

On a macroscopic scale, many of these aspects are related to the three-dimensional
orientation distributions of the polymer chains and can be extracted via analysis of the
crystalline texture of the materials. The presence of a pronounced axial-type orientation
appears to be a disadvantage, in particular when considering dimensional changes of the
products under application conditions. Consequently, it is of crucial importance to quantify the
extent of conversion towards the favorable biaxial-type orientation. In this contribution, we offer
different routes to obtain the conversion ratio by analyzing orientation behavior throughout the
material cross section.
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