3D printed modular cell with reusable working electrode
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3D printing permanently resided within the electrochemical laboratories landscapes, with the Fused Deposition Modeling (FDM) being the most commonly additive manufacturing technology [1-3]. The second technique with an increasing popularity relay on Direct Ink Writing [4, 5]. 3D printing techniques offer fast prototyping and possibility to rapidly create disposable functional units which is not necessarily environment friendly approach. In this presentation we would like to show that the printouts can not only be low-cost but also reusable.  

A low-cost, modular, 3D-printed sensing platform for electrochemical measurements was developed using self-automated FDM 3D printer. An Indium Tin Oxide (ITO) electrode was selected 
as the WE due to its high electrical conductivity and optical transparency. The reference electrode (RE), counter electrode (CE), and electrical contact for the WE were directly integrated into the printed cell structure and were made out of carbon black/PLA filament. The insulating part of the cell was printed using transparent PLA. Worn or damaged PLA elements created during multimaterial 3D printing can 
be mechanically reprocessed and reused as feedstock for subsequent 3D-printing processes, enabling the creation of new platform components from recycled material. This approach reduces material waste, lowers production costs, and supports environmentally sustainable laboratory practices while maintaining the accessibility and low-cost character of the system.

The fabricated electrochemical cell was utilized for several electrochemical applications: (i) the deposition of metal nanoparticles; (ii) electroanalysis of redox probes; (iii) suitability as a support of the biphasic environment (electrified liquid-liquid interface) and (iv) the unit to follow cells proliferation. The modular architecture of the system facilitated surface characterization while minimizing the risk of WE modification  delamination during handling and analysis (e.g. post-characterization of metallic nanoparticles). Furthermore, the platform was designed to ensure high reusability of the working electrode, enabling repeated deposition, cleaning, and characterization cycles without requiring replacement of the entire sensing system. This feature significantly decreases operational costs, improves experimental reproducibility, and increases the suitability of the platform for iterative optimization studies and long-term laboratory applications.
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