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In the additive manufacturing (AM) of 
titanium alloys through laser powder 
bed fusion (LPBF), rapid oxidation 
takes place in the metal melt pool and 
the spatters created by the process. 
Additionally, the laser-powder 
interaction in repeated process cycles 
can change the powder properties, 
such as particle size and powder 
density. As these effects accumulate, 
a phenomenon known as powder 
aging, they influence the final part 
properties, setting an upper limit for 
the powder reuse cycles.
The aim of the present study was to 
investigate the criticality of powder 
aging in the LPBF process with  

EOS Titanium Ti64 Grade 23 powder 
using statistical analysis and an 
evaluation of analysis method 
accuracies. The mechanisms of powder 
aging were linked to the aging effects in 
the solid parts. 
Based on the results, it was concluded 
that the Ti-6Al-4V ELI powder exhibited 
moderate aging behavior, causing only 
mild shifting in the final part properties 
over 22 powder reuse cycles. Despite 
approaching maximum limits of certain 
elements of the Ti-6Al-4V ELI 
composition, the mechanical property 
requirements defined in the material 
standard remained fulfilled throughout 
the experiment. 
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Powder Aging and   

Additive Manufacturing 

 → How many times Ti64 Grade 23 
powder can be reused

 → The impact of powder reuse on 
the part properties

 → Need for Ti64 Grade 23 powder to 
be refreshed



Introduction

In additive manufacturing, powder aging is 

defined as the change of powder properties and 

pick-up of certain elements across multiple 

process cycles. As the powder properties directly 

affect the process and resulting part properties, 

aging can limit the number of cycles powder 

can be used. Moreover, as the chemical 

composition of titanium parts is defined by 

material standards, the pick-up of elements 

such as oxygen and nitrogen can limit the 

number of reuse cycles of the powder. 

Understanding the aging effects is therefore 

important in maintaining constant part quality 

while maximizing powder use cycles.

In laser powder bed fusion (LPBF), aging of 

titanium powders is caused mainly by the laser-

powder interactions. In this manufacturing 

method, powder is selectively melted with a 

laser (figure 1a) and the molten material is 

consequently exposed to a process atmosphere. 

Despite the use of inert gas (typically argon) in 

the process chamber, some residual oxygen is 

present in the process atmosphere. Due to 

titanium’s high chemical affinity to oxygen, 

rapid oxidation takes place together with 

possible nitrogen and hydrogen pick-up in the 

metal melt pool. Additionally, powder spatters 

are formed in the laser-powder interaction [1, 2] 

(figure 1b). These hot spattered particles fly long 

distances inside the process chamber and are 

prone to pick up elements from the process 

atmosphere. Spattered particles exist in multiple 

shapes and sizes and land on the powder bed, 

accumulating over repeated uses of the powder. 

Although oversized spattered particles are 

removed by sieving, smaller oxidized particles 

remain in the powder increasing its overall 

oxygen content.

Figure 1a: DMLS process                  Figure 1b: Schematic of melt pool in laser powder bed fusion
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Generally, the two most common approaches 

for studying powder aging effects are the single 

batch method and the refresh method. In the 

single batch method, a single lot of powder is 

used without the addition of new powder. With 

this approach, it is possible to reach a very high 

amount of cycles by using a high amount of 

powder. However, as the magnitude of aging 

effects depends on the amount of exposed area 

relative to the total amount of powder, aging 

effects become more pronounced only after the 

amount of powder decreases to a certain level. 

The refresh method uses the addition of unused 

powder to dilute the effect of powder aging. The 

refresh method is good for certain industrial 

cases, but often does not represent a general 

approach for powder aging.

In this study, a third approach for the powder 

handling was chosen. With this sublot approach, 

the amount of powder relative to the parts built 

was kept as close to constant as possible in 

order to have a generalized approach and to 

Experimental Methods

This aging study was performed on an EOS M 290 

with EOS Titanium Ti64 Grade 23 powder and 

process (figure 2 & table 1). Two different build 

layouts were used. One layout was used to enable 

testing at predefined intervals, the other to 

enable building of real application parts to better 

represent real industrial cases. One of the test job 

layouts is shown in figure 3. 

Figure 2: EOS M 290 DMLS system

observe aging effects throughout the study. In 

the beginning, 105 kg powder from a single lot 

was divided into three sublots, each one having 

35 kg of powder. Each of these sublots was then 

cycled six times. At this point, now that the 

amount of powder had already reduced, sublot 1 

and half of sublot 2 were combined. Sublot 3 

and the other half of sublot 2 were also 

combined to end up with two new sublots. Both 

of the new sublots were cycled three more times 

before combining all of the powder into one lot. 

The remaining powder was used until there was 

not enough powder to build the test job, 

resulting in 22 cycles of use (figure 4) and a 

total of 38 jobs built. This corresponds to 

approximately 640 hours in building time and 

530 laser-on hours. In this study, one process 

cycle consisted of (1) taking a powder sample 

for laboratory analysis, (2) building either one of 

the test jobs and (3) sieving of the powder. The 

powder was not refreshed during the study. 

Figure 3: Test job layout with test geometries and application 
parts

Table 1: Process Setup Sublot 1 Sublot 3Sublot 2

Sublot 1+2 Sublot 2+3

Sublot 1+2+3

Cycles 1-5

Cycles 6-8

Cycles 9-22

Figure 4: Schematic of the powder handling approach chosen for this study (sublot approach) 

Powder EOS Titanium Ti64 Grade 23 

EOS ParameterSet M 290 Ti64 Grade23 040 V1

Platform temperature 80 °C

Oxygen concentration in the process chamber 0.05 %
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Results

Full chemistry was tested on both powder and 

solid parts, but changes were only observed in 

the oxygen, nitrogen and hydrogen contents. 

Three replicate samples were used for each 

measurement point for oxygen and nitrogen to 

increase the reliability of the results. The 

averages of the measurements are shown in 

figure 5. Both average values and all individual 

measurement points were still within the 

standard requirements after 22 cycles, but an 

increasing trend was detected in the results. 

However, the observed changes in the mean 

values of the oxygen, nitrogen and hydrogen 

contents were generally in the same range as 

the measurement uncertainty of fusion analysis. 

The tensile properties were tested in the 

horizontal and vertical orientations every fifth 

cycle in heat treated condition (2 h, 800 °C). All 

the results fulfilled the minimum requirements 

of the material standards after 20 cycles and 

both strength and elongation remained 

relatively unaffected by the increasing process 

cycles (figure 6). A slight increasing trend in the 

strength of the test parts was observed. The 

increasing strength of the material followed the 

increasing trend in the oxygen content of the 

powder, which is a known effect in titanium  

[3 p. 37]. However, the differences in the mean 

values of the strength between cycles 0 and 20 

were generally in the same range as 

measurement uncertainties in tensile testing.

Figure 6: Mechanical properties as a function of process cycles 
for Ti64 Grade 23 powder

Each point is an average of 3-9 measurements
Test method: ISO 6892-1 / ASTM E8
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Figure 5: Averages of oxygen, nitrogen and hydrogen contents 
in Ti64 Grade 23 powder and solid parts as a function of process 
cycles 
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The median particle size of the powder, shown 

as d50-value in figure 7a, was observed to 

increase with the number of process cycles. This 

can be partly explained by the decreasing trend 

seen in the fine particles, shown as particles 

below 15 µm in figure 7b. One possible 

mechanism for the decreasing fine particle 

fraction is their tendency to become airborne. 

Airborne particles can be removed during 

various stages of the process. The same result is 

seen visually in the SEM images (figure 8), 

where the amount of fine particles decreases 

and the proportional amount of large particles 

increases.

The powder morphology was investigated using 

dynamic image analysis that allows quantitative 

evaluation of the powder shape. No significant 

change in the powder morphology was observed 

as the number of process cycles increased, as 

can also be seen qualitatively in the SEM images 

(figure 8). Comparing with data from other 

aging studies shows that the phenomenon of 

powder aging is material, process, and machine 

dependent and results cannot be fully 

extrapolated from one case to another. 
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Figure 7a: Median particle size as a function of process cycles Figure 7b: Fine particles as a function of process cycles
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Test method: Dynamic image analysis (ISO 13322-2, CAMSIZER XT)

Figure 8: SEM images for different numbers of process cycles 
for Ti64 Grade 23 powder
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A slight gradual intake of oxygen, nitrogen and 

hydrogen was observed in printed test coupons 

and the powder itself. However, requirements 

from application standards such as ASTM F3001 

were still fulfilled after 22 process cycles. 

Therefore, this study shows that it is possible to 

process titanium powder even without 

refreshing the powder. 

A slight increase in strength was noted due to 

increased oxygen content. Other than minor 

changes in chemistry, the rest of the powder 

properties remained intact. The aging 

mechanisms, the results of this study and the 

results of other aging studies indicate that 

aging effects are material, process, and machine 

specific.
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ConclusionsEOSTATE MeltPool process monitoring was used 

in the study. The signal data was used here to 

reconstruct one of the samples at cycle one and 

at cycle twenty. The variation of the signal 

remained low even with 20 cycles, confirming 

the results for mechanical properties.

Figure 9: EOSTATE MeltPool images for different numbers of process cycles
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