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It is well established that properties of polymeric semi-crystalline materials are 
determined by the crystalline morphology and that the development of the crystalline 
morphology is based on structures present in the early stages of crystallization. In this 
research, we analyze the effect of the processing variables flow, cooling rate, and 
pressure on structure development in isotactic polypropylene (iPP) in conditions close 
to real processing i.e. stress in the order of 0.1 MPa, cooling rate in the order of 100 
°C/s and pressure in the order of 1 Kbar. 
Flow promotes the formation of anisotropic crystalline structures with a cylindrical 
symmetry that are called shish-kebabs. In the simplest case, shish-kebabs are made of 
a single fibrillar crystal bearing periodically spaced disk-like lamellae. The formation 
of shish-kebabs starts with bundles of stretched chains that make anisotropic flow 
induced precursors (FIPs). Depending on the conditions, FIPs can grow or dissolve 
back to the melt. Shish-kebabs can be beneficial for the properties of the material 
enhancing stiffness and thermal stability. 
Cooling rate is also an important processing parameter. At high cooling rates, a 
mesomorphic form develops from quiescent iPP melts. The role of molecular features 
in the development of this pseudo-ordered structure is not fully understood. We 
present an experimental approach based on the fast (20 Hz) simultaneous acquisition 
of WAXD images and temperature during the rapid cooling of a thin polymer film. 
The resulting information is interpreted in terms of Continuous-Cooling-
Transformation (CCT) diagrams and shows that randomly distributed co-units (e.g. 
ethylene) favour the development of the mesophase. 
Finally, we also address the effect of pressure. Similar to flow, pressure promotes the 
formation of precursors of crystallization, long-living pre-crystalline structures. 
Pressure induced precursors in the early stages of crystallization can enhance the 
developments of shish-kebabs during flows. 
 


