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Experimental Study on Combustion and Explosion
Characteristics and Inerting of TC4 Alloy Dust in 3D
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Abstract: To address the safety issues of TC4 (Ti-6Al-4V) alloy dust during the metal 3D
printing production process, the combustion and explosion characteristics of TC4 alloy dust and
the inerting effects of calcium carbonate, talc powder, and ammonium dihydrogen phosphate on
TC4 alloy dust were studied. The results show that TC4 alloy dust with a median particle size of
40 pum has a minimum ignition energy of 40 mJ, a minimum ignition temperature of 660 °C, a
lower explosive limit of 50 g/m’, and a limiting oxygen concentration of 12%. The maximum
explosion pressure and maximum explosion index are 0.42 MPa and 3 MPa'm-s™ (at a mass
concentration of 600 g/m’) , respectively. The inerting effect of ammonium dihydrogen phosphate
is significantly better than that of calcium carbonate and talc powder, and the inerting effect of
talc powder is slightly stronger than that of calcium carbonate. During the low-temperature
oxidation stage, the oxide film on TC4 particles provides effective protection. However, when
the temperature exceeds 700 °C , the oxide film loses its protective function, and oxygen
diffusion becomes the critical factor in the combustion process. Since ammonium dihydrogen
phosphate more readily undergoes thermal decomposition and generates gases that impede oxygen
diffusion, it exhibits stronger inerting effects.
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