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Manufacturing Processes and Characteristics of Metal Powders for

Additive Manufacturing

Teppeit OKUMURA and Koichiro SEKIMOTO

Synopsis

Metal powders suitable for the additive manufacturing have four properties: high purity, flowability, high bulk density and

correct particle size distribution. Metal powders used for metal additive manufacturing are spherical in order to achieve uniform

thickness and high bulk density of powder layers in powder-bed-based processes. To control the powder shape spherically,
various atomization, classification and surface modification processes have been developed. To advance metal additive
manufacturing technology, the characteristics of the metal powders that affect process stability and quality of build parts are

investigated and controlled.
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Table 1. Features of additive manufacturing technology.

Strength Weakness

v'Increased design freedom | v'Part size is limited
+ Lattice design v'Low productivity
+ Bionic design v'Material choice is limited
+ Topology optimization |v'Low quality
v'Mobile printing + Lacks of fusion and pores
v'Several parts built in one + Cracks
v'Shorter lead time + Surface roughness
v'No tools needed v'High production cost
v'Production parts in small * Machine
series * Powder
v'Create new materials v Difficulity of optimization
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Table 2. Industrial production method and characteristics
of metal powders.

Classification Process Shape | Material
Mechanical Gas atomization Spherical | Ni, Co,Ti
processing of | Water atomization Irregular | Fe
molten metal | Mmelt drop into water | Spherical | Pb, Sn

Centrifugal atomization | Flaky Sn, Al
Mechanical Stamp mill Angular | Fe, Zn,
comminution of| Ball mill Platy Sn
solid metal Vibrating Irregular
Chemical Reduction Sponge | W, Ni, Pt
reaction Thermal Spherical | Fe, Ni
decomposition
Electrolysis of Dentritic |Fe, Cu,
compounds Ta
Evaporate solidification| Spherical | Zn
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Fig. 1. Schematic view of gas atomization.
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Fig. 2. Schematic view of induction melting atomization.
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Fig. 3. Schematic view of levitation melting and gas
atomization.
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Fig. 4. SEM image of Ti-6Al-4V (mass%) powder
(15/45 pm).
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Fig. 5. Schematic view of plasma atomization.

Fig. 6. SEM image of Ti-6Al-4V (mass%) powder
(45/105 pm).
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Fig. 7. Schematic view of rotating disk atomization.
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Fig. 8. Schematic view of plasma arc torch atomization.
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Table 3. Classifications and control factors of interparticle

interaction.
Interparticle | Classification Control factor
interaction
Adhesive Van der Waals force |+ Compositions

force + Surface roughness
+ Particle density
+ Particle shape

Liquid bridge * Humidity
adhesive force
Elactrostatic + Electrification

adhesive force
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Fig. 10. Relation between inter-particle adhesive force
and particle diameter.
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Fig. 12. Energy input and powder density as a function

of mean particle size'.
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