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Understanding structure formation in semi-crystalline thermoplastics under processing-relevant
conditions is essential for establishing reliable process-structure-property-relationships. In extrusion
and injection molding, crystallization is governed by a complex interplay of temperature history, local
cooling rates and pressures, and flow-induced polymer chain orientation. While in situ synchrotron
scattering provides unique access to the evolution of crystalline and supermolecular structures,
reproducing processing-near conditions in a controlled experimental environment remains challenging.
To address this challenge, we developed the FlowCell [1], an experimental setup combining in situ
USAXS/WAXS with a microfocused X-ray beam at the P03 beamline of PETRA Il (DESY) [2]. A process-
Raman probe provides complementary access to structure formation during polymer solidification.
Recent improvements enable stable thermal control and defined linear cooling profiles for systematic
studies of cooling-rate-dependent structure formation. Using measurements at two cooling rates, we
demonstrate that the FlowCell provides direct insight into supermolecular structure evolution in the
USAXS range under controlled, process-near conditions. These results show that the FlowCell has
matured into a robust platform for in situ studies of polymer crystallization. Direct comparison with ex
situ line scans of injection-molded samples reveals persistent structural differences between
morphologies generated in the FlowCell and those formed under the more extreme conditions of
injection molding. The combined in situ/ex situ approach highlights the capabilities and the current
limitations of the setup and helps assess how far process-near model experiments represent industrial
processing conditions.
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