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Three-dimensional (3D) printing has emerged as a versatile and cost-effective approach for the fabrication of electrochemical devices, including electrodes for environmental, biological, and medical applications [1]. Among various additive manufacturing techniques, fused deposition modelling (FDM) is widely adopted due to its accessibility, low operational cost, and ability to produce complex geometries with high reproducibility. In this method, a thermoplastic filament is melted and extruded through a nozzle, depositing material layer by layer to construct three-dimensional structures. Conductive filaments composed of carbon-based fillers dispersed within insulating polymers such as polylactic acid (PLA) enable the direct fabrication of composite electrochemical electrodes [2].

The electrochemical performance of these electrodes is strongly influenced by surface characteristics, including morphology, roughness, and the distribution of conductive sites. Increased surface roughness enhances the exposure of electroactive carbon sites, particularly edge-plane structures, thereby improving electron transfer kinetics and current response. However, conductive thermoplastic materials generally exhibit significantly lower electrical conductivity than metallic electrodes, limiting their practical applications [3].

To overcome this limitation, copper was selected as an electroplated material due to its excellent electrical conductivity and high catalytic activity toward nitrate reduction. In this study, a copper layer was deposited onto 3D-printed carbon electrodes to enhance both conductivity and electrocatalytic performance. The results demonstrate that the copper-modified electrodes enable efficient electrochemical reduction of nitrate across a broad concentration range, including both low and high concentrations.

The combination of additive manufacturing and copper electroplating presents a promising strategy for the development of customizable, high-performance electrochemical sensors for nitrate detection, with potential applications in environmental monitoring.
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