Investigating airborne emissions and toxicity of polyamide powders for additive manufacturing
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In the last few years, additive manufacturing (AM) has expanded across a variety of different
industries, as innovative methods enable the manufacturing and customization of complex designs
directly from digital models. At the same time, advanced materials have been specifically engineered
to offer new and enhanced properties compared to traditional ones, introducing improved
functionalities that are crucial for the continued development of AM technologies. A relevant
example is high-performance polymers, like polyamides, are widely employed in professional 3D
printing due to their flexibility and strength, as well as their biocompatibility. While these
developments offer significant advantages in terms of design flexibility and performance, they also
raise concerns about the potential adverse effects associated with inhalation exposure to airborne
particles released during handling and processing of these materials, which are mainly employed in
powder form. This concern is particularly relevant in occupational environments, where larger
quantities of powders are handled regularly, posing a potential risk to the workers.

To address this issue, a commercial polyamide 12 (PA12) powder was investigated in terms of
airborne emissions and potential toxicity, using a combination of laboratory simulations and
toxicological assessments. A morphological and dimensional analysis of the material was performed
using dynamic light scattering (DLS) and scanning electron microscopy (SEM) to characterize the
material. Handling activities were simulated inside a controlled and isolated laboratory environment,
using real-time instruments to assess the resulting particle emissions by measuring the total particle
number concentration (PNC) and their size distribution. In addition, in-vitro cytotoxicity testing was
conducted on human bronchial epithelial cells (HBEC-3KT) to evaluate the effects of different doses
of PA12 on a relevant model for inhalation exposure.



