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Understanding how microgels and polymer colloids are transported and 

retained in natural porous media is essential for subsurface applications, such 

as assessing microplastic risks and improving polymer-based subsurface 

energy technologies. However, their three-dimensional pore-scale transport 

behavior remains poorly understood because most existing studies rely on 

bulk-scale black-box column experiments, destructive sampling, and simplified 

two-dimensional micromodels [1]. X-ray microcomputed tomography (µCT) 

offers strong potential for non-destructive pore-scale analysis, but its 

application to polymer particles remains limited due to their low X-ray contrast 

in water-saturated porous media [2]. 

 

 
 

To address this challenge, contrast-engineered polymer particles incorporating 

high-Z elements were synthesized. Combined with controlled-flow sand-packed 

column experiments and high-resolution µCT scanning, this approach enabled 

reliable 3D particle localization. This strategy establishes a new experimental 

platform for linking polymer structure with pore-scale transport behavior and 

supports the development of functional soft polymer colloids for applications in 

complex porous environments. 
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