Sustainable 3D-Printed Buriti Oil–Plasticized Carbon Black/PLA Electrochemical Sensor for L-Tyrosine Detection
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Plasticizers are low-molecular-weight compounds that enhance polymer flexibility and processability by increasing chain mobility [1]. The demand for sustainable alternatives to petrochemical plasticizers has promoted the use of bioplasticizers derived from vegetable oils, which are renewable, low-cost, and environmentally friendly [2]. In this context, the circular economy encourages sustainable and recyclable materials to reduce waste and extend product lifecycles [3]. Due to its rich biodiversity, the Amazon region holds great potential for producing vegetable oils such as buriti oil [4]. In additive manufacturing, plasticizers can improve filament printability and composite homogeneity [5]. In this work, we developed conductive filaments composed of 10 wt% buriti oil (BU), 65 wt% polylactic acid (PLA), and 25 wt% carbon black (CB). The resulting filaments exhibited higher flexibility than non-plasticized ones (Fig. 1a). SEM analysis (Fig. 1b) confirmed a homogeneous electrode structure. Using FcDM0 as a redox probe, an approximately 1.6-fold current increase was observed (Fig. 1c), attributed to improved charge transport and percolation, and the electrochemical response of L-tyrosine (L-Tyr) was evaluated, with CB-PLA-BU exhibiting enhanced peak definition due to its superior electrochemical performance. The amperometric calibration curve for L-Tyr (10.0–750.0 µmol L⁻¹, R² = 0.993) obtained with the CB-PLA-BU electrode showed LOD and LOQ of 0.69 µmol L⁻¹ and 2.30 µmol L⁻¹, respectively (Fig. 1d). When applied to human urine samples using standard addition and recovery tests at 10.0 and 50.0 µmol L⁻¹, recoveries of 98.78% and 116.29% were obtained, indicating acceptable accuracy. Thus, the results demonstrate the potential of the 3D-printed lab-made platform with bioplasticizers for the electroanalytical detection of L-Tyr.
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Figure 1. (a) Image of the CB-PLA-BU filament; (b) SEM images of electrodes with and without plasticizer; (c) CV responses in 1.0 mmol L⁻¹ FcDM0 in 0.1 mol L⁻¹ KCl, and L-Tyr in BR buffer (pH 2.0), in different electrodes (scan rate = 50 mV s⁻¹; step = 5 mV); (d) Amperometric responses and calibration curve for CB-PLA-BU in BR buffer (pH 2.0), without and with L-Tyr (a-j: 0.0–1000.0 µmol L⁻¹), at +1.1 V vs. Ag|AgCl|KCl(sat.).
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