Influence of printing parameters and testing temperature on
the tensile behaviour of 3D printed hemp/PLA
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Abstract. Fused Filament Fabrication (FFF) is an additive manufacturing process based on 3D
printing, which consists of depositing a heated thermoplastic filament onto a build platform through a
nozzle of given diameter to form objects layer by layer [1]. This method is widely adopted by industry
which sees it as a way to produce complex, customized parts, in particular for prototypes and small
series. However, there are still relatively few studies which investigate the behaviour of these pieces
under complex environmental conditions (temperature, humidity).

In this work, a fully bio-based composite is studied, consisting of polylactic acid (PLA), a bio-based
polymer that is biodegradable under certain conditions [2], and hemp fibers. An initial step involved
optimizing the printing parameters of this biocomposite, such as nozzle temperature, printing speed, the
presence of walls and infill lines connections, and cooling at the nozzle exit. To achieve this, a thermal
characterization of the material (using DSC, TGA, and DMA) was carried out, along with monitoring
of temperature fields during 3D printing (Figure 1). Tensile tests with non-contact strain measurements
were then performed on specimens with different infill orientations (0°, +45°, 90°) in a climatic
chamber over a wide temperature range (from ambient to 90°C). Post-mortem analyses using optical
microscopy and scanning electron microscopy were also conducted. The results show an evolution of
behaviour directly linked to the characteristic temperatures of PLA (Figure 2). In particular, a
degradation of properties is observed as the glass transition temperature (Tg) around 60°C is reached,
followed by a stiffening effect caused by cold crystallization of PT.A aronind 90°C.
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Figure 1: Temperature measurement by infrared camera  Figure 2: Temperature dependence of the tensile
of a hemp/PLA specimen during printing performances of a 0°-oriented hemp/PLA specimen
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