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Investigation on the Effect Mechanism of Micro-domain Shielding Gas on
Metal Droplet Ejection Process

ZHOUYi QI Lehua LUOJun SU Lin
(School of Mechatronic Engineering, Northwestern Polytechnical University, Xi’an 710072)

Abstract: A closed glove box with a deaeration system is widely applied for maintaining a low-oxygen environment (the oxygen
content of <50 ppm) in metal droplet-based 3D printing. However, it is disadvantageous to the industrial application of the technology
because of the narrow space of a glove box. Thus, it is very significant to construct a micro-domain low-oxygen environment at the
exit of metal droplet ejection, which can prevent droplets from oxidation, broaden applicability, and improve flexibility. Meanwhile,
an excellent micro-domain shielding environment is a key to promoting the engineering application of metal droplet-based 3D
printing. However, shielding gas will generate airflow disturbance, which inhibits the stability and accuracy of the droplet printing. To
address this problem, a novel annular gas jet micro-domain shielding device is designed and developed, the mechanisms of oxidation
and airflow-dynamics during tin alloy droplet ejection process are studied by the combination of experiments and simulations. Results
show that when the supply of shielding gas is insufficient, oxidation will decrease the surface tension and increase the viscosity of a
metal jet (i.e. the Oh value of a metal jet increases), which leads to the generation of a single droplet with a conical tail. When the
supply of shielding gas is excessive, the secondary vortex appears at the root of a metal jet, which causes a secondary breakup occurs,
and then multiple metal droplets are formed. Furthermore, a long well-fused tin alloy pillar with an ordered arrangement and a
size-uniform bump array with accurate landing-points are successfully printed under appropriate parameters, which confirms the
effectiveness of the annular gas jet micro-domain shielding device. The current investigation may provide crucial technical and
theoretical support for the application of metal droplet-based 3D printing.
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