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wOoX B H Basic studies on structural developments and high—speed drawing

behaviors of polymer films

Understanding formation of higher order structure is an important issue in
controlling and enhancing properties of polymer film by stretching process.
Nowadays, film stretching speed has been increasing in industrial process up to
400m/min to 500m/min. However, high-speed stretching involves sudden structural
changes such as strain-induced crystallization, which narrows suitable process
window. Laboratory scale studies report stretching speed behaviors mostly below
Im/min, which is far too below industrial process.

In this study, novel system was made by combining film stretcher with high-speed
polarizing camera. Higher order structure of polymer film during high-speed stretching
was evaluated by measuring optical retardation development. High-speed camera also
enables to observe two-dimensional distribution of polymer film, which provides more
insight into its behaviors. Relationship between stress and birefringence known as
stress—optical rule(SOR) is discussed. Studies are as follows;

(1) Stretching of Cyclic olefin copolymer (COC) film was conducted at speed of 1m/min

to 60m/min. At slow stretching speeds, the stress optical constant (SOC) settles at
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value 1.6GPa™. With fast stretching speeds, SOC approached the photo—elastic constant
(PEC) at glass state. Relaxation after stretching was found decisive for structural
formation. Techniques of thermal analysis was applied to evaluate higher order
structures,
(2) Ultra~high molecular weight polyethylene (UHMWPE) film was investigated. SOC at
rubbery state indicated that the value varies between 0. 05-1. 6GPa™. Wide-angle X-ray
diffraction (WAXD) measurements were applied to evaluate the contribution *o
birefringence of the crystalline and amorphous phases and to characterize stretching
modes. In simultaneous biaxial stretching, the melting temperature proved critical to
structural formation.
(3) Stretching of two-layer film composed of cyclo-olefin polymer (COP) and linear low
~density polyethylene was investigated. Combination of two polymer films showed
enhancement in stretchability, retardation measurement revealed certain configuration
of this effects.
These studies are expected to extend laboratory studies of polymer processing compar
ableto industrial process, reducing trial and error investigation of suitable process

window.
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