Network stresses and intracrystalline chain diffusion

in semicrystalline polymers

T. Thurn-Albrecht!”, A. Petzold! R. M. Michell:?

1 Martin-Luther-University Halle-Wittenberg, Institute of Physics, 06099 Halle,
Germany
2 Universitat Politécnica de Catalunya, BarcelonaTech (UPC), 08019 Barcelona,
Spain
* email: thurn-albrecht@physik.uni-halle.de

The mechanical properties of semicrystalline polymers have been extensively
studied, showing generally that at larger deformation plastic flow is combined
with restructuring of the semicrystalline morphology and strain hardening
caused by network forces. However, the influence of the intracrystalline chain
diffusion (ICD), which allows chains to move within the crystals, on non-linear
mechanics is not well-understood. We studied the non-linear mechanical
properties of two model polymers, namely PEO with fast ICD, and PCL without
ICD by mechanical testing in plane strain compression in dependence of strain
rates and temperature. For both polymers the stress can be decomposed in an
elastoplastic contribution and a network contribution. Strong differences in the
true stress-true strain curves became evident by comparing the rate dependence
at larger deformation, where network stresses dominate. The stress in PEO
depends strongly on rate and temperature, indicating network relaxation, while
the stress in PCL is rate independent. Experiments for PEO with different
molecular weights indicate that the relaxation affects entire chains as expected
for ICD.
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