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An advantage of the powder-bed-based metal additive manufacturing (AM)
processes is that the powder can be reused. The powder reuse or recycling
times directly affect the affordability of the additively manufactured parts,
especially for the AM of titanium parts. This study examines the influence of
powder reuse times on the characteristics of Ti-6Al-4V powder, including
powder composition, particle size distribution (PSD), apparent density, tap
density, flowability, and particle morphology. In addition, tensile samples
were manufactured and evaluated with respect to powder reuse times and
sample locations in the powder bed. The following findings were made from
reusing the same batch of powder 21 times for AM by selective electron beam
melting: (i) the oxygen (O) content increased progressively with increasing
reuse times but both the Al content and the V content remained generally
stable (a small decrease only); (ii) the powder became less spherical with in-
creasing reuse times and some particles showed noticeable distortion and
rough surfaces after being reused 16 times; (iii) the PSD became narrower and
few satellite particles were observed after 11 times of reuse; (iv) reused powder
showed improved flowability; and (v) reused powder showed no measurable
undesired influence on the AM process and the samples exhibited highly
consistent tensile properties, irrespective of their locations in the powder bed.
The implications of these findings were discussed.

INTRODUCTION

Powder-bed-based metal additive manufacturing
(AM) processes build parts from melting and solidifi-
cation of metal powder layer by layer following a
digital computer-aided design (CAD) model. They of-
fer unrivaled advantages over conventional subtrac-
tive manufacturing processes in terms of design
freedom, shape formation or creation, lead time man-
agement, and materials utilization. The feedstock
metal powder materials, including their characteris-
tics and cost, play a critical role in determining the
quality, mechanical properties, surface finish, and
cost of the additively manufactured components. For
example, the flowability of the powder is expected to
affect the continuity and uniformity of each layer of
the powder spread on the powder bed and metal

powders with a higher tap density may favor the for-
mation of a higher density deposition layer. In an
effort toward standardizing the characteristics of
metal powders used for AM, the recently released
ASTM 3049-14 provides a standard guide for charac-
terizing metal powders for AM, including their che-
mical composition, flow characteristics, size
distribution, morphology, and density.1

The cost affordability of additively manufactured
metal products has been a concern for their wider
acceptance. An advantage of the powder-bed AM
processes is that the powder can be reused. As a
result, the powder reuse times that are permitted
carry a significant influence on the average cost of
the additively manufactured products. In fact,
because of the high cost of the feedstock metal
powders used for AM, especially for the AM of
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titanium (Ti) and Ti alloys, much effort has been
made to develop cost-effective or more affordable
metal powder materials suitable for AM.2–7 The
Arcam AM process (Arcam, Mölndal, Sweden),
which has found applications in several sectors,8–10

builds metal parts based on selective electron beam
melting (SEBM) of metal powders layer by layer in a
high-vacuum environment. Unlike other powder-
bed-based AM processes, the powder bed used in the
Arcam process can be set up to 1100�C, which is
necessary for the AM of some specialty materials
such as TiAl-based alloys. For the AM of Ti-6Al-4V
(wt.%), which is the most widely studied alloy, the
temperature of the powder bed is usually above
550�C. As a result, in each cycle, the Ti-6Al-4V
powder will be exposed to both preheating (650�C to
750�C) and prolonged thermal holding (above
550�C) in the powder bed in a high-vacuum envi-
ronment. This happens to all the powder particles in
the powder bed and more severely to the powder
close to the parts that are being built due to melting
(high temperature) and solidification (release of
latent heat). As powder reuse times increase, many
properties of the powder are expected to change,
including their chemical composition, surface fea-
tures (e.g., surface roughness and overall particle
roundness), and physical and thermal properties. A
recent study on recycled stainless steel powder has
revealed many such changes.5 In addition, notice-
able distortions were found to occur to the perfectly
spherical virgin Ti-6Al-4V powder particles after
reuse for more than 30 times in AM by SEBM.6

Hence, it is important to identify and understand
how the virgin powder changes their characteristics
with reuse times in the AM process from the per-
spectives of both cost control and quality manufac-
turing.

This article studies the effect of powder reuse times
on the characteristics of Ti-6Al-4V powder in the AM
process by SEBM, including its chemical composition,
particle size distribution (PSD), apparent density, tap
density, flowability, and particle morphology. In par-
ticular, detailed mechanical property data are pro-
duced versus powder reuse times as the ultimate
criterion to assess the effect of powder reuse times.

MATERIALS AND EXPERIMENTAL
PROCEDURE

Virgin Ti-6Al-4V Powder and Reuse Times

Extra-low interstitials (ELI) grade Arcam Ti-6Al-
4V powder (see Table I for composition) was used for
the fabrication of a variety of intricate Ti-6Al-4V
parts using an Arcam EBM A2 system. Samples
with dimensions of 8 mm in diameter and 80 mm in
height were fabricated at the same time in selected
batches for subsequent tensile testing. The initial
fabrication started with 90 kg of Arcam virgin
Ti-6Al-4V powder, stored in two powder containers
(45 kg/each) in the system. This powder capacity
allows a maximum of 21 times of reuse operations

for the scheduled AM without introducing new vir-
gin powder.

A stainless steel substrate was used, which was
preheated to 730�C by electron beam scanning.
After the first layer of powder was spread on the
substrate, the powder was preheated similarly.
Each subsequent layer of powder was preheated
similarly. Throughout the AM process, the entirety
of the powder bed was kept at a temperature no
lower than 550�C. When completed, the unmelted
powder was blown off from the fabricated parts and/
or samples in the Arcam powder removal system
(APRS) using compressed air. Ultrafine powder
particles were carried away by the gas flow and
settled in a powder collecting jug. The powder left in
the whole system was blended up in the APRS and
sieved through an 80 mesh (177 lm) sieve for next
round of AM. Powder samples were taken according
to ASTM B215 11 for characterization.

AM Parameters

Table II summarizes the parameters used in each
round of AM. These parameters are typical of the
AM of Ti-6Al-4V for the Arcam A2 system. They
were kept unchanged in each operation to better
reveal the effect of powder reuse times on the Arcam
Ti-6Al-4V powder characteristics and the
mechanical properties of the alloy additively
manufactured from reused powder.

Characterization

The PSD of the powder was analyzed using a
Malvern laser diffraction analyzer (Malvern
MS2000, Worcestershire, UK). The sample injector
used was the Malvern Hydro 2000MU (A) for large
sample volumes and the powder was dispersed in
water. The flowability (sample size: 50 g), apparent
density (sample size: 100 g), and tap density (sample
size: 350 g) of the reused powder were determined
using a universal powder characteristics tester
(Model BT-1000; Dandong Bettersize Scientific Ltd.,
Dandong, China) following ISO 4490:2001,12 ISO
3923-1:2008,13 and ISO 3953:1993,14 respectively.
After each cycle, there was a reduction of at least
1 kg of the powder including the powder sample
taken for characterization and the tensile testing
specimens fabricated. This leads to a quick reduction
in the powder bed height. To ensure as many cycles
as possible, this study was focused on characterizing
cycles 0, 2, 6, 11, 16, and 21. Of these cycles, a suf-
ficient amount of the powder sample (400 g) was
taken for each cycle of 0, 11, 16, and 21, whereas the
powder sample taken for each cycle of 2 and 6 was
limited to 30 g. Even so, in the last cycle (cycle 21),
the powder bed height became insufficient for the
fabrication of standard tensile testing specimens.

The surface features of reused powder particles
were studied using a Carl Zeiss Supra 40 VP field
emission scanning electron microscope (SEM;
JSM-6700F; Carl Zeiss, Oberkochen, Germany).
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The density of additively manufactured Ti-6Al-4V
samples was determined by the Archimedes method
according to ISO 2738:1999 (determination of den-
sity for sintered metal materials).15 The oxygen
content of reused powder and additively manufac-
tured samples was analyzed according to ISO
22963:2008,16 which specifies an infrared method
after fusion under inert gas for the determination of
the mass fraction of oxygen in titanium and titani-
um alloys. The compositions of aluminum and
vanadium in reused powder and additively
manufactured samples were determined using
atomic emission plasma spectrometry according to
ASTM E2371-13 specified for titanium materials.17

Tensile Samples and Testing

To assess the effect of powder reuse times on tensile
mechanical properties, a minimum of six tensile
samples (diameter: 8 mm, height: 80 mm) were fab-
ricated in each cycle of 0, 2, 6, 11, 16, and 21, from
which standard tensile specimens (6 mm diameter
cross section and 25 mm gage length) were machined.

The exception was with cycle 21. As mentioned earlier,
because of the much reduced powder bed height, only
nonstandard tensile samples (diameter: 6 mm;
height: 34 mm) were manufactured, and after ma-
chining the tensile specimens had a 2 mm diameter
cross section and a 12 mm gage length. Figure 1
shows the two types of tensile specimens. Tensile
testing of the standard specimens was performed on
an Instron model 5985 (Instron Corporation, Nor-
wood, MA), while the nonstandard samples were
tested on an Instron model 5982. All testing was con-
ducted at room temperature with a crosshead speed of
5 mm/min according to ASTM E8, and a video exten-
someter was used to record the displacement.

RESULTS

Powder Composition

Figure 2 shows the variations of the O, Al, and V
contents in the Ti-6Al-4V powder versus reuse
times. The O content increased progressively from
0.08 wt.% to 0.19 wt.% with increasing reuse times
from 0 to 21. The Al content decreased from 6.47
wt.% to 6.37 wt.% after being reused four times and
showed negligible changes thereafter. The V content
registered a slight decrease with increasing reuse
times. Overall, the powder composition remained
stable except the increased O content.

Particle Size Distribution (PSD)

The PSD of the Ti-6Al-4V powder after 2, 6, 8, and
16 reuses was analyzed and the results are shown in
Fig. 3. The PSD of the powder after the second re-
use is very similar to that of the virgin Ti-6Al-4V
powder (hence, it is not included in Fig. 3; see also
the powder morphology shown in Fig. 4a). Changes
in the PSD were observed after 6, 8, and 16 reuses
as shown in Fig. 3; the PSD became narrower with
increasing reuse times. However, the particle size
measured by the D50 value increased only slightly
from 72.7 ± 1.7 lm after the second reuse to
73.2 ± 2.1 lm lm after the 16th reuse.

Table I. Composition of virgin ELI grade Arcam Ti-6Al-4V powder

Element Al V Fe C O N H Ti

wt.% 6.47 4.08 0.24 0.005 0.08 0.008 0.003 Bal.

Table II. Parameters used AM of Ti-6Al-4V with the Arcam EBM A2 system

Beam spot size

Preheating Layer melting

Beam current Scanning speed Beam current Scanning speed

Electron beam 100 lm 30 mA 1–1.3 9 104 mm s�1 20 mA 4,500 mm s�1

Preheating temperature 730�C
Layer thickness 50 lm

Fig. 1. Standard and nonstandard tensile specimens used.
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Morphology of Reused Ti-6Al-4V Powder

Figure 4 shows representative morphologies of
the reused Ti-6Al-4V powder subject to different
reuse times. The powder remained spherical and
smooth after the second reuse (Fig. 2a) and showed

little deviation from the virgin powder. However,
small distortion developed with increasing reuse
times according to the low magnification views
shown in the left-hand side column of Fig. 4. A clo-
ser inspection of the surface morphology after each
specified reuse is shown in the right-hand side col-
umn of Fig. 4. The following observations are no-
table:

� The powder particles became less spherical and
rougher with increasing reuse times.

� Most particles were no longer smooth after being
reused 21 times, as evident from comparing
Fig. 4a1 (reused twice) and Fig. 4e1 (reused 21
times).

� There were noticeably distorted particles after
being reused 16 times and 21 times (Fig. 4d–e1),
although the percentage is small.

� Satellite particles were still visible after being
reused twice and six times (Fig. 4a–b1). However,
few satellite particles were observed after being
reused 11 times under either low (Fig. 4c–e) or
high (Fig. 4c1, d1, and e1) magnifications.

Flow Characteristics, Apparent Density and
Tap Density of Reused Ti-6Al-4V Powder

The flowability, apparent density, and tap den-
sity of virgin and reused Ti-6Al-4V powder are listed
in Table III. The flowability of the reused Ti-6Al-4V
powder, recorded in seconds per 50 g of reused
powder, improved unexpectedly with increasing re-
use times. The improvements are beyond measure-
ment errors and reproducible. The apparent density
remained essentially unchanged while the tap
density showed a trend of very slow decline.

Effect of Reuse Times on Chemical
Composition and Mechanical Properties

Table IV lists the compositions of O, Al, and V of
the reused powder and the corresponding tensile
samples made from the powder. The Al content de-
creased noticeably from the powder to the sample.
The O content remained almost unchanged, indi-
cating that there was negligible pick-up of oxygen
during AM by SEBM. Similarly, the variations in
the V content are negligible from the powder to the
sample.

Table V summarizes the detailed tensile property
and density data obtained from the tensile samples
made from reused powder along with the powder
oxygen content. The sample density falls in the
narrow range of 4.41 ± 0.02 g cm�3, equivalent to
99.55% of the theoretical density of Ti-6Al-4V
(4.43 g cm�3). Both the yield strength and tensile
strength increased with increasing powder reuse
times with the exception of cycle 6. The tensile
elongation showed no clear dependency on the O
content in the range from 0.08 wt.% to 0.19 wt.%.

Fig. 3. Particle size distribution of Ti-6Al-4V powder versus reuse
times.

Fig. 2. Ti-6Al-4V powder composition versus reuse times. The
measurement uncertainties are ±0.001 wt.% for O, ±0.007 wt.% for
Al, and ±0.003 wt.% for V.
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Fig. 4. Morphology and surface features of reused Ti-6Al-4V powder: (a) and (a1): reused twice; (b) and (b1): reused 6 times; (c) and (c1):
reused 11 times; (d) and (d1): reused 16 times; and (e) and (e1): reused 21 times. The right-hand side micrographs are higher magnification
views corresponding to the left-hand side micrographs.
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Powder-Bed Performance and Effect
of Sample Locations on Tensile Properties

To assess the influence of powder characteristics
on the AM process including the uniformity of layer
thickness, the risk of powder smoke, and the effect
of sample locations on tensile properties, an array of
36 tensile samples (diameter: 8 mm; height: 80 mm)
were additively manufactured using Ti-6Al-4V
powder that had been reused 16 times. Powder
smoke, also known as powder pushing or repelling
phenomena, refers to the sudden, uncontrolled
spreading of the powder during AM by
SEBM.10,18–20 It leaves the base plate or last so-
lidified layer uncovered with powder and therefore
has a significant negative consequence. As yet, the
mechanism is not well understood, but it is affected
by a number of factors, including powder charac-
teristics, preheating start current, and vacuum
conditions. Figure 5 shows a schematic layout of the

36 samples additively manufactured on a 180-mm
square stainless steel substrate. Five groups of
tensile samples, marked with a triangle in Fig. 5,
were selected and tested. Table VI summarizes the
tensile mechanical properties obtained from these
samples. Consistent and similar tensile mechanical
properties were obtained from these samples, which
were located in five different positions in the powder
bed formed with reused Ti-6Al-4V powder. This
indicates that after 16 times of reuse the powder
was still able to ensure consistent and reliable layer
by layer AM by SEBM.

DISCUSSION

Effect of Reuse Times on Powder Composition

The progressive increase in the oxygen content of
the reused powder (Fig. 1a) arises from the pick-up
of oxygen, which occurs when the powder is exposed

Table III. Characteristics of reused Ti-6Al-4V powder

Reuse times Flowability (s/50 g)a Apparent density (g cm23)a Tap density (g cm23)a

0 (virgin) 32.47 2.56 2.96
6 29.50 NAb NAb

11 29.50 2.58 2.94
16 27.85 2.59 2.91
21 28.34 2.57 2.88

NA not applicable; aThe measurement uncertainties were within ±0.04 s for flowability; ±0.0066 g cm�3 for apparent density and
±0.0048 g cm�3 for tap density; bSample powder was taken only for flowability testing. See the ‘‘Characterization’’ section.

Table IV. Compositions of reused Ti-6Al-4V powder and additively manufactured tensile samples

Reuse
times

O (wt.%) Al (wt.%) V (wt.%)

Reused
powder

Tensile
sample

Reused
powder

Tensile
sample

Reused
powder

Tensile
sample

0 0.08 0.07 6.47 6.14 4.08 4.04
6 0.14 0.13 6.37 6.06 4.05 4.02
11 0.17 0.15 6.36 5.90 4.05 4.01
16 0.18 0.17 6.35 5.86 4.04 3.95
21 0.19 0.18 6.35 5.93 4.03 3.96

Table V. Tensile properties of Ti-6Al-4V additively manufactured from reused powder

Powder reuse
times

Powder
oxygen (wt.%)

Yield strength
(MPa)

Ultimate tensile
strength (MPa)

Tensile
elongation (%)

Reduction
in area (%)

Density
(g cm23)

0 0.080 834 ± 10.0 920 ± 10.0 16.0 ± 0.3 54 ± 3.0 4.410 ± 0.004
2 0.097 870 ± 8.0 970 ± 10.0 15.0 ± 0.3 46 ± 3.0 4.410 ± 0.004
6 0.14 822 ± 25.0 910 ± 20.0 13.5 ± 1.0 53 ± 4.0 4.411 ± 0.004
11 0.17 891.5 ± 4.5 986.5 ± 3.5 17.8 ± 0.8 50.0 ± 1.0 4.428 ± 0.003
16 0.18 939.6 ± 3.6 1028.1 ± 4.1 15.3 ± 1.8 42.1 ± 4.1 4.380 ± 0.018
21 0.19 960 ± 30.0 1039.3 ± 2.7 15.5 ± 0.9 4.381 ± 0.019
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to air, including when the unmelted powder is
blown off from the additively manufactured parts
and the subsequent powder sieving process. The
pick-up of oxygen depends on the exposure time and
the humidity of the environment. During SEBM,
the vacuum pressure in the AM chamber was kept
at approximately 2 9 10�2 Pa in the presence of
helium, which was controlled through a system-
adjusted helium gas flow (which means that the
actual vacuum pressure was lower than
2 9 10�2 Pa). As shown in Table VI, the oxygen
content in the tensile samples is consistently lower
than that in the powder, in contrast to the expec-
tation of a small pick-up of oxygen from the AM
chamber. This can be attributed to the very low
oxygen level in the presence of helium, which leads
to slow decomposition of the titanium surface oxide
films. The small loss of Al in the reused Ti-6Al-4V
powder is due to vaporization in vacuum during
SEBM. Similarly, the slight decrease in the V con-
tent in the Ti-6Al-4V powder is due to the slow va-

porization of V in vacuum during SEBM. ASTM
F3001-14 for additively manufactured Ti-6Al-4V
ELI with powder bed fusion requires that the com-
positions of Al, V, and O satisfy (5.5–6.5) wt.%, (3.5–
4.5) wt.%, and £0.13 wt.%, respectively,8 whereas
for standard additively manufactured Ti-6Al-4V,
the O content is required to be £0.2 wt.%.9 Accord-
ing to Fig. 1a and Table VI, this means that the
powder should not be reused for more than four
times (0.13 wt.% O) for the AM of Ti-6Al-4V ELI,
whereas for the AM of standard Ti-6Al-4V, the
powder can be reused for more than 21 times (0.18
wt.% O). However, mixing reused Ti-6Al-4V powder
with virgin Ti-6Al-4V powder can readily address
this issue.

Effect of Reuse Times on Powder Character-
istics and SEBM Process

The narrower PSD of the reused powder shown in
Fig. 3 can be understood as follows. During powder
collection when the unmelted powder is blown off
from the additively manufactured parts, some
satellite particles become detached and are taken
away by the compressed gas flow. Hence, with in-
creasing powder reuse times, satellite particles will
become fewer and fewer. This explains why few
satellite particles were observed after the powder
had been reused 11 times (Fig. 4). On the other
hand, the subsequent powder sieving (80 mesh)
process removes agglomerated or partially sintered
powder particles. As a result, the PSD becomes
narrower with increasing powder reuse times.

In the AM process of Ti-6Al-4V by SEBM, the Ti-
6Al-4V powder was preheated to about 730�C.
Throughout the subsequent AM process, the powder
was kept at a temperature no lower than 550�C.
Slight surface roughening and distortion were thus
expected to develop, especially in a lengthy AM
process. In addition, for those powder particles in
the vicinity of the building parts, they were sub-
jected to higher temperature exposures arising from
both the melt pool and the released latent heat
during solidification. This could lead to noticeable
distortion and surface roughening. Besides, some
powder particles were lightly sintered together. In
the recovery process, the high-pressure air jet broke
up the connections (including the removal of satel-

Table VI. Tensile properties of the five groups of Ti-6Al-4V samples (oxygen content: 0.17 wt.%) shown in
Fig. 5

Sample
coordinates

in Fig. 5
Yield strength

(MPa)
Ultimate tensile
strength (MPa)

Tensile
elongation (%)

Reduction
in area (%)

(1,2)(2,1)(2,2) 948.0 ± 1.0 1034.0 ± 3.0 15.8 ± 0.3 45.6 ± 4.4
(5,1)(5,2)(6,2) 940.3 ± 3.7 1029.3 ± 0.7 15.5 ± 1.5 43.3 ± 5.3
(3,3)(4,3)(4,4) 940.7 ± 2.7 1031.0 ± 1.0 16.2 ± 0.7 46.0 ± 2.0
(1,5)(2,5)(2,6) 939.3 ± 3.7 1026.3 ± 0.7 15.0 ± 0.5 40.3 ± 2.3
(5,5)(5,6)(6,5) 938.7 ± 4.3 1027.0 ± 4.0 14.8 ± 1.3 39.0 ± 1.0

Fig. 5. A schematic layout of 36 additively manufactured tensile
samples in the powder bed on a 180-mm square stainless steel with
reused Ti-6Al-4V powder (reused 16 times)
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lite particles), leaving fractured patches or protru-
sions or even concave sites on the powder particle
surfaces. Some of these features can be seen in the
micrographs shown in Fig. 4, especially after 16
reuses. More such surface imperfections are ex-
pected to develop with increasing powder reuse
times, leading to increased surface roughness and
distortion.

The improved flowability displayed by the reused
powder (see Table III) was unexpected. This oc-
curred despite the observations that reused powder
was less spherical and no longer smooth. We pro-
pose that this can be ascribed to two reasons. One is
the removal of satellite particles as discussed above
and the other is the reduced moisture in the powder
after repeated long exposures to vacuum in the AM
chamber at elevated temperatures (>550�C). Each
of these two factors can significantly affect powder
flowability.

Powder smoke or sudden powder spreading,
which leaves the base plate or the last solidified
layer uncovered with powder, occurs during AM by
SEBM. The phenomenon disrupts the AM process
and causes a considerable deficiency. It has been
found that the powder characteristics, the preheat-
ing start current, and the vacuum conditions all
affect the occurrence of powder smoke.10,18–20 The
virgin Arcam Ti-6Al-4V powder was reused 21 times
in this study. No powder smoke was observed in
each reuse. In other words, there was no interrup-
tion of the AM process due to powder smoke with
reused powder.

Mechanical Properties of Ti-6Al-4V Additively
Manufactured Using Reused Powder

It has been reported that the powder characteris-
tics not only affect the density but also the surface
quality and mechanical properties of the additively
manufactured Ti-6Al-4V by SEBM.21 The highly
consistent tensile properties listed in Table IV
demonstrate that reused powder exhibited no mea-
surable undesired influence on the AM process of
Ti-6Al-4V. The progressive increase in oxygen con-
tent with reuse times is expected. The influence of
oxygen on the microstructure and mechanical prop-
erties of Ti-6Al-4V has been reviewed recently.22,23

The increase in tensile strengths with powder reuse
times (Table V) can be attributed to the effect of the
increased oxygen content.22 In terms of the influence
of oxygen on tensile ductility, a critical oxygen level
exists for Ti-6Al-4V, which is around 0.33 wt.%,
beyond which the tensile ductility drops sharply due
to several oxygen-induced microstructural chan-
ges.23 However, below the critical level of 0.33 wt.%,
the influence of oxygen on ductility is insignificant or
negligible. This is supported by the ductility data
listed in Table V. AM of Ti-6Al-4V with reused
powder by SEBM can achieve very similar proper-
ties as achieved with virgin Ti-6Al-4V powder.

Referring to Fig. 4e and e1, and the detailed
assessment presented above, a useful observation
made from this study is that for AM the powder does
not necessarily need to be perfectly spherical and
smooth. Nearly spherical powder with rough sur-
faces seems to work equally well. This may be in-
formative for the development of lower cost powder
for AM as reported by Ref. 5

CONCLUSION

The following conclusions can be made from this
study.

� The oxygen content of the Ti-6Al-4V powder
increased progressively from 0.08 wt.% to 0.19
wt.% with increasing powder reuse times from 0
to 21 by SEBM, while both the Al content and the
V content remained generally stable (a slight
decrease in the content of each element).

� The powder became less spherical and the PSD
became narrower with increasing reuse times.
Few satellite particles were observed when the Ti-
6Al-4V powder had been reused 11 times. Most
particles were no longer smooth and distortion
was readily visible after 16 reuses.

� The flowability of the powder improved with
increasing reuse times. The reasons are attribut-
ed to the absence of satellite particles and the
removal of moisture due to repeated long expo-
sures to vacuum at elevated temperatures
(>550�C) in the AM chamber. No powder smoke
was observed in the AM process with reused Ti-6Al-
4V powder.

� Both the yield strength and the ultimate tensile
strength increased with increasing powder reuse
times from 6 to 21 due to the increased oxygen
content. The tensile elongation showed no depen-
dency on the O content over the range of 0.08
wt.% to 0.19 wt.%.

� Reused powder showed no measurable undesired
influence on the AM process of Ti-6Al-4V. The
samples showed highly consistent tensile proper-
ties, irrespective of their locations in the powder
bed.
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