From Oleogel to Filament: Natural Plasticization and Nanoscale Wax Reinforcement of EC-Based
3D-Printing Materials

Biodegradable Ethyl Cellulose (EC) Oleogels represent a sustainable alternative to conventional
plastics, thanks to their bio-based origin and biodegradability. Here, we demonstrate that EC—
Soybean Qil Oleogels can be effectively tailored via three natural plasticizers—Cardanol (CAR),
Castor Qil (CO), and Oleic Acid (OA)—at 25 and 37,5 wt % loading to dramatically enhance ductility
(up to +450 % elongation at break with CAR) and tune thermal gelation temperature (ATgel = 50 °C)
without compromising chemical interaction (confirmed by FT-IR analyses) or surface
hydrophobicity (contact angle 48°-86°). Mechanical performance was quantified by tensile testing
(with ASTM D638 Type V dogbone specimens) and dynamic thermo-mechanical analysis
monitoring the crossover point between elastic and viscous modulus (G’ and G”); thermal
properties by DSC and TGA.

To expand the application range, neat Oleogel and a composite version containing up to 10 wt %
Carnauba Wax were extruded into filaments using a single-screw extruder. This process produced
filaments with diameters suitable for 3D printers, which were subsequently printed via Fused
Filament Fabrication (FFF) using a 0.4 mm nozzle at 185-190°C and speeds of 10-20 mm/s. These
filaments were then used to create various shapes with a commercial Creality 3D printer. These
findings highlight a dual-strategy approach—natural plasticization and natural structuring using
Carnauba Wax —to produce fully biobased, mechanically robust, and oil-stable filaments,
broadening the operational envelope of EC Oleogels for high-performance, sustainable 3D-printed
parts.
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