
In this issue of Tech Talk Ben Rafferty, Elementum 3D materials engineer, will discuss powder selec�on, the first 
and perhaps most important step in the addi�ve manufacturing (AM) process. He’ll be covering key a�ributes of 
quality metal AM powder including size, shape (morphology), flowability, tap density, and composi�on. These 
characteris�cs all contribute to achieve a high quality AM part. 

Most people are not aware of metals three-dimensional prin�ng and the extent that you can print complex high 
performance parts. When I started my career as a material engineer, I was only aware that prin�ng metal was an 
emerging op�on; it wasn’t un�l I started working with Elementum 3D that I saw how important metal powders 
designed specifically for addi�ve manufacturing (AM) are to the performance of printed metal parts. Addi�ve 
manufacturing involves the addi�on of material to produce parts directly from a computer model, as opposed to 
a subtrac�ve machining process that removes material to produce a part. Laser Powder Bed Fusion (L-PBF) is an 
industrial AM process that produces complex near net shape parts with near full theore�cal density. Proper�es 
o�en exceed cast parts and may approach or even exceed forged/wrought parts.  

POWDER SIZE
It is important to use a powder par�cle size range that produces good flow or spreadability while also producing 
a uniform melt pool with good surface finish. Par�cles that are too big may not fully melt and result in inters��al 
voids remaining in the part. If the par�cles are too small, the powder may not flow and spread well and may 
result in excessive material ejected and vaporized from the melt pool. The powder must also perform consis-
tently over thousands of layers and many re-uses. A common size range for L-PBF powder is 15-45µm, but the 
preferred distribu�on depends on the material that is being printed and the feed and spreading system of the 
printer. A material with a higher theore�cal maximum density may use a smaller size distribu�on while a lighter 
metal may need larger par�cles to improve consolida�on and reduce the chance of being blown by the inert gas 
stream. Other powder characteris�cs including shape and surface also affect the size range that will work best 
with the powder. Cost is also a factor since most produc�on methods produce a range of par�cle sizes and so 
cost is reduced if a larger range can be used.
 

Why are metal AM powders critical to quality printed parts?

SHAPE
In addi�on to controlled size range, the par�cle 
morphology is also important for AM powder. 
The most desirable shape for AM is a sphere. 
Spherical par�cles will enable the powder to 
stack and flow op�mally during the LPBF process. 

This spherical shape is typically achieved during 
powder produc�on by gas or plasma atomiza�on 
or plasma spheroidiza�on. In gas atomiza�on, 
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Figure 1 is example of spherical powder 
from additive manufacturing of metallic 
components journal. [6]

material is melted and made into droplets through one of several methods 
which then solidify in rela�vely spherical form due to surface tension. Plasma 
spheroidiza�on passes material feed stock that is already in par�culate form 
through a plasma in an inert chamber to par�ally or fully re-melt the par�culates 
and produce highly spherical products with rela�vely smooth surfaces. The 
powdered metal that is produced is then classified for size typically by screening 
or cyclone classifica�on. Finer and larger par�cles may be used for other 
processes or may be able to be re-melted for re-atomiza�on. The powder 
surface roughness is also an important characteris�c and will have a significant 
effect on flow. A smooth surface will increase powder flow compared to a rough 
surface. Satellite par�cles, which are smaller par�cles fused to larger par�cles, 
are also detrimental to flow. Hollow par�cles can result in porosity in the part 
and are therefore also typically detrimental.

Figure 2 is an illustra�on of a gas 
atomiza�on chamber. Image provided by 
Op�mizing metal powders for addi�ve 
manufacturing paper.

As powder is reused, the frac�on of smaller par�cles may be 
reduced as a result of the fine par�cles se�ling out during 
recoa�ng and being incorporated into the part. This may 
improve the flow of the powder over �me as some of the 
small par�cles that impede the flow are used. A steady state 
is typically reached where the material used in the part or 
fused and sieved out is balanced by fresh material added to 
the feed stock replace it a�er the build. Figure 3 shows an 
example of virgin power and reused powder with the reused 
powder showing fewer small par�cles.

Spherical shapes are key to crea�ng a more efficient packing 
structure to increase the tap density, resul�ng in fully dense 
parts with a superior surface finish.  Figure 4 shows examples of several powder morphologies common in AM. 
The spherical characteris�c of the powder is needed to achieve good part feature defini�on and minimize pores, 
cracks, inclusions, and surface roughness for the final part. It is also very important for achieving consistent key 
bulk powder proper�es such as packing density and flowability
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Figure 3 is an image provide by Renishaw of their Ti64 spherical powder 
image a shows virgin powder b show a�er x number of reuses. 

FLOWABILITY
Flowability and spreadability are qualita�ve proper�es that depend on powder composi�on, size, morphology, 
surface roughness, and moisture content. Uniform flow is required across the build substrate layer a�er layer to 
achieve good feature defini�on, part density, and surface quality. Par�cles that have satellites or a rough surface 
will increase the fric�on between par�cles and impede the flow of the powder. Irregularly shaped par�cles 
impede powder flow due to steric interference, resul�ng in an AM part with increased porosity, decreased 
density and rough surfaces. Moisture content can play a cri�cal role in powder behavior and it is important to 
keep power dry for op�mal performance. Electrosta�c effects can also have a significant influence over powder 
behavior at small par�cle sizes.

Figure 4 is an image of 3 par�al morphology a�er atomiza�on A) is spherical, B) is elongated, and 
C) shows satellite par�als. Images from [6].  

(a) (b) (c)

50µm 50µm 50µm

material is melted and made into droplets through one of several methods 
which then solidify in rela�vely spherical form due to surface tension. Plasma 
spheroidiza�on passes material feed stock that is already in par�culate form 
through a plasma in an inert chamber to par�ally or fully re-melt the par�culates 
and produce highly spherical products with rela�vely smooth surfaces. The 
powdered metal that is produced is then classified for size typically by screening 
or cyclone classifica�on. Finer and larger par�cles may be used for other 
processes or may be able to be re-melted for re-atomiza�on. The powder 
surface roughness is also an important characteris�c and will have a significant 
effect on flow. A smooth surface will increase powder flow compared to a rough 
surface. Satellite par�cles, which are smaller par�cles fused to larger par�cles, 
are also detrimental to flow. Hollow par�cles can result in porosity in the part 
and are therefore also typically detrimental.

As powder is reused, the frac�on of smaller par�cles may be 
reduced as a result of the fine par�cles se�ling out during 
recoa�ng and being incorporated into the part. This may 
improve the flow of the powder over �me as some of the 
small par�cles that impede the flow are used. A steady state 
is typically reached where the material used in the part or 
fused and sieved out is balanced by fresh material added to 
the feed stock replace it a�er the build. Figure 3 shows an 
example of virgin power and reused powder with the reused 
powder showing fewer small par�cles.

Spherical shapes are key to crea�ng a more efficient packing 
structure to increase the tap density, resul�ng in fully dense 

Powder behavior and flowability can be evaluated by ASTM standards for bulk and tap density (B527), Hall 
funnel (B213), Carney funnel (B964), rheology tes�ng equipment, and by the angle of repose. Tap density is 
performed by taking a known mass of powder, pouring it into a graduated cylinder and repeatably tapping the 
bo�om un�l the powder has se�led. According to ASTM B527-15, refractories need approximately 3000 taps.  
For example, we have found that our tungsten has a tap density 10.00g/cm3 compared to 19.3g/cm3 the 
theore�cal density of the material as a solid. The difference in the density shows that approximately 48% of the 
volume of the tapped powder is open space (air) between par�cles. 

A spreadable powder that flows across a build surface in laser powder bed fusion is necessary to deposit a 
suitable layer over the build surface to produce high quality parts. The fact that metal powders come in all 
shapes and sizes is why it is important to be able to characterize your powders. 

POWDER COMPOSITION
Powder composi�on is a key factor to produce parts with the desired proper�es. In addi�on, small changes to 
powder composi�on can affect porosity, microstructure, microcracking, and macrocracking. According to 
Jean-Pierre Kruth, due to the high mel�ng temperatures and the fast-thermal cycles of L-PBF, stress cracking is a 
common concern for many materials. Star�ng with the correct composi�on, par�cle size, and shape will allow 
the material to wet consistently. The ideal we�ng situa�on is a flat droplet with an angle less than 90° to the 

weld surface. If there is an insufficient we�ng of the material a balling effect will occur causing porosity and 
effec�ng the bulk mechanical proper�es. Composi�onal changes can have a significant effect on surface tension 
and melt viscosity which affect balling behavior in the melt pool. 

Oxida�on and moisture control in the feed stock is important to provide the correct proper�es of the powder 
and the printed part. Having a stable material is essen�al for powder reuse because oxygen and moisture 
impuri�es can increase with reuse and result in altered proper�es. According to addi�ve manufacturing of 
metallic components, the effects of oxygen in the powder AlSi10Mg during the prin�ng process can reduce the 
yield strength and it was shown that oxygen concentra�ons below 0.027wt% result in high yield strengths for 
aluminum. [6] Oxygen also has a large influence in the prin�ng of Ti64, with oxygen causing the tensile strength 
to increase but the elonga�on and toughness to decrease. [7] For this reason, there is a need to control the 
powder environment to consistently produce high quality AM products. 

CONCLUSION 
It is important to choose the correct powder for your AM process. First, determine what material proper�es are 
needed for your part and choose the appropriate material type to meet these needs. Second, choose a powder 
with sufficient flow, spreadability, and par�cle size for your AM system. Finally, choose a powder with character-
ized printed part performance data for your process to be sure that the powder feed stock will actually produce 
the proper�es you need when used in a commercial AM system.
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