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Large-scale industrial processing methods like roll-to-roll (R2R) coating and polymer spinning necessitate 
characterization methods that match the speed and volume of these techniques. I will present methodologies 
to optimize and control the processing of high-performance polymeric materials, with the aim of improving 
quality control and enabling real-time data analysis for industrial applications. The approach leverages 
specialized X-ray and visible light imaging and scattering equipment, along with machine-learning-assisted 
analysis, to match the speed of industrial processing and ensure high-quality production. 
 
In situ X-ray scattering has emerged as a high-throughput method for analyzing the effects of processing 
parameters and the kinetics of structure formation in real-time. This method allows for detailed analysis of 
semi-crystalline nanostructures in thin films coated on flexible substrates. High-resolution analysis of a wide 
parameter space is achieved by recording thousands of experimental variations along the substrate foil, 
enabling detailed structural analysis using fast testing devices and high-flux X-ray beams. This approach allows 
for precise control of component concentrations and other parameters, facilitating high-throughput analysis. 
 
The development of an in-line methodology supported by molecular dynamics simulations aims to optimize 
mesoscale structure formation for improved photovoltaic performance. Furthermore, visible light 
scatterometry is proposed as a quality control tool for R2R fabrication lines, capable of analyzing surface 
structures and functional coatings with high resolution. The combination of scatterometry data with machine 
learning enhances the robustness of the analysis, supporting solutions for decentralized decision-making 
based on real-time structural properties. 
 
Fast small and wide-angle X-ray scattering can be applied to monitor and optimize solution spinning of high-
performance polymers using machine-learning assisted analysis of scattering parameters that are correlated 
with mechanical properties. 
 
The proposed methodologies are developed to be applicable not only at synchrotron beam lines, but also with 
laboratory-scale setups. By integrating multimodal probes and machine learning techniques, this approach 
aims to bridge the gap between laboratory research and commercial production of polymeric materials and 
devices. 
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