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Fig.1 Schematic diagram of two laser additive manufacturing technologies: (a) laser powder bed melting technology and (b) laser melting

deposition technology™”
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Fig.2 Morphologies of the mixed nano-TiN powder and CoCrFeMnNi alloy powder (a); magnified images of box area b in Fig.2a (b) and box
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Fig.3 Schematic diagram of ultrasonic vibration and V-type mixing devices (a), SEM images of TiN/AISi, Mg composite powder (b—c), particle

size distribution of the 2%TiN/AlSi ;Mg composite powder (d)™*”
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Fig.4 Ball miller (a); morphologies of the original spherical powder (b) and the powder after 32 h dry grinding (c)"
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Fig.6 Schematic diagram of raw material preparation by surface engineering method (a), Fe,O, suspension added with Ti-6Al-4V and CP-Ti

powders (b), Fe,O, suspension added with treated Ti-6Al-4V and CP-Ti powders (c), comparison of feedstocks prepared by mechanical
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Fig.11 EBSD microstructure of LPBF-fabricated samples: (a) 7075 sample, (b) 7075-AS sample; EBSD microstructure of LPBF-fabricated
samples after adding 1wt% Ti: (c) 7075 sample, (d) 7075-AS sample (samples formed on the conventional substrate are named as 7075,

while those formed on the composite substrate are named as 7075-AS)!
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Fig.12 Nanoparticle-enabled prevention of spatter coalescence: (a—c) X-ray images showing the spatter-colliding-induced agglomeration
during the LPBF of A16061, (d) moving speed of Al6061 spatters, (e—g) X-ray images showing that two Al6061+4.4vol% TiC
spatters separated after colliding, (h) moving speed of A16061+4.4vol%TiC spatters, (i—k) X-ray images showing the deformation
of Al6061+4.4vol% TiC spatters during colliding (moving direction of the spatter is indicated by the white dashed arrow), (I) SEM
image of the ball-milled A16061+4.4vol% TiC powder, (m) SEM image of the surface of the powder in Fig.12l, (n) EDS analysis

of Al6061+4.4vol% TiC powder surface, (0) nanoparticles preventing coalescence during spatter colliding (blue dashed arrows

represent the spatter moving velocity), (p) schematic illustration of nanoparticle arrangement between two colliding Al6061+

4.4vol% TiC spatters, (q) schematic illustration showing capillary pressure created by nanoparticles on spatter surface,

(r) comparison of inertial pressure and capillary pressure barrier as a function of temperature (Inset: capillary pressure barrier

between two colliding Al6061+4.4vol% TiC spatters)”’
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Research Progress on Addition of Nanoparticles in Metals Fabricated by Laser Additive
Manufacturing
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Abstract: Laser additive manufacturing is a revolutionary advanced manufacturing technology that has rapidly developed and been applied in
fields such as aerospace, automotive, and medical. However, when using LAM to form metals, it is easy to form defects such as pores and cracks,
as well as microstructural issues such as coarse columnar crystals and composition segregation, affecting the performance of the metal. The
addition of nano-ceramic particles can effectively improve alloy formability, refine microstructure, and thereby enhance mechanical properties of
the metal. This research discussed the addition method of nano-ceramic particles during laser additive manufacturing of metals, the evolution
behavior of nano-ceramic particles in the molten pool, and the impact of nano-ceramic particles on formability, microstructure, and mechanical
properties. The existing problems and future research in this field were also summarized and prospected.
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