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Abstract

Two competing processes could occur during stretching a semi-crystalline polymer, namely 
shear yielding and cavitation. Often, both processes occur simultaneously. Stretching a 
semi-crystalline polymer transforms the originally isotropic spherulitical structure into 
a highly oriented fibrillar one (a process often referred to fibrillation). The underlying 
mechanism of such transition has been extensively debated. On the one hand, inter- and 
intra-lamellae slips have been considered to be responsible [1]; whereas on the other hands 
a process of stress induced melting of the original crystallites and recrystallization of the 
freed polymeric chain segments along the stretching direction has been also proposed [2]. 
Based on true stress-strain determination and recovery property investigation on a set of 
polyethylene of different crystallinity, in case cavitation is restrained Strobl et al. concluded 
that intra-lamellar crystalline block slips are activated at small strains whereas stress induced 
crystalline lamellae disaggregation-recrystallization starts to occur at a strain larger than 
yield strain [3]. This critical strain marking the onset of fibrillation is related to the state of 
amorphous entangled network and the stability of crystalline blocks but has no dependency 
on the number of tie molecules [4]. The findings directed a global understanding of the 
mechanical properties of semi-crystalline polymers as considering them as composed of two 
interpenetrated networks of hard crystalline skeleton and soft amorphous entanglements. 
This two phase model is meaningful only if the system possesses truly interpenetrating 
networks such as in high density polyethylene, poly(ε-caprolactone) and polybutene-1 [5-8]. 
In case when a polyethylene copolymer with low crystallinity is considered, the two phase 
model becomes no longer valid. A new phase in between stacks of crystalline lamellae has to 
be introduced yielding a more general three phase model for understanding the mechanical 
behaviour of semi-crystalline polymers [9]. The three phase model returns to a two phase 
one when dealing with systems of higher crystallinity.

The mechanism of cavitation in semi-crystalline polymers is much more complicated due 
to partly technical difficulties to investigate the structural parameters of the cavities. 
Cavities normally have a size over few hundred nanometers resulting in a global strain-
whitening of the samples when cavitation occurs. We have utilized symchrotron ultra-
small angle X-ray scattering technique to follow the process of cavitation in polybutene-1 
as a function of stretching temperature and crystalline lamellar thickness. The results 
yield interesting dependencies of cavitation behaviour on these parameters. Two 
different modes of cavitation have been identified where the occurrence of cavitation in 
crystalline phase was confirmed [10].
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