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DONG WAN LEE!, JIN WOO KIM!, SU GWAN LEE!, DHIN VAN CONG',
JIN CHUN KIM®"™, HWI JUN KIM? JOONG GYEONG LIM?, TAE SIK YOON?

MICROSTRUCTURAL CHARACTERISTICS OF MODIFIED ODS Ni-BASED SUPERALLOYS FABRICATED
USING LASER-POWDER BED FUSION

Oxide dispersion-strengthened (ODS) superalloys are usually manufactured by a hot isostatic pressing after mechanical al-
loying (MA-HIP). However, this process cannot produce complex-shaped parts. Here, we used an additive manufacturing product
(powders produced by laser powder bed fusion, L-PBF) to address this issue. Modified ODS Ni-based superalloy powders with
a similar composition to the mechanical alloy 6000 (MA6000) were manufactured using a gas atomization process. The obtained
powders and L-PBF synthesized samples were analyzed by scanning electron microscopy (SEM), X-ray diffraction (XRD), LPSA,

and EBSD analyses.
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1. Introduction

Oxide dispersion-strengthened (ODS) Ni-based superal-
loys are widely used in the power, defense, space, and aviation
industries. Demand for high-strength and high-temperature ODS
Ni-based superalloys is rapidly increasing due to the desire to
achieve energy efficiency in these industries [1].

Nano-oxide dispersion technologies to produce Ni-based
superalloy materials have been under development for more
than 40 years. Among them, the MA-HIP process is widely used.
However, the long mechanical alloying process, low productivity
of the HIP process, difficulty in manufacturing complex-shaped
parts, and high manufacturing cost have limited application of
the MA-HIP process [2,3].

In this study, modified ODS Ni-based superalloy powders
with a composition similar to mechanical alloy 6000 (MA6000)
were prepared using a plasma gas hybrid atomization (PGHA)
process. We changed the alloy compositions and contents of
yttrium oxide (Y,03) and further treated the produced powders
by the L-PBF process [4]. Densification and microstructural
evolution were analyzed according to powder size and the
L-PBF process [5].

2. Experimental

Powders were produced by the PGHA process (Daishin-
kangup Co., Ltd, Korea Rep). Ni-based superalloy powders
with diameters <25 pm (powder #1), 25-45 um (powder #2),
and 45-60 pm (powder #3) were synthesized. Powder size
and distribution were analyzed by Laser particle size analysis
(LPSA). Powder shape was analyzed through scanning elec-
tron microscopy (SEM). EDS-XRF analyses were performed
to confirm the composition of the as-prepared ODS Ni-based
superalloy powders.

Powders #2 and #3 were used for L-PBF, while powder #1
was excluded due to powder application problems. An L-PBF
machine (Metal3D-MetalSys120D, Korea Rep.) was used to
manufacture four different samples (A1,A2, B1, B2), two of each
powder size (#2 and #3), using the laser conditions described
in TABLE 1.

The microstructure of the L-PBF-produced 3D samples was
analyzed using SEM (JEOL-IT200, Japan). Three-dimensional
samples were polished with #400 to #2000 sandpaper and then
finely polished with 1 um alumina powder suspension. Etching
was performed using HCI-glycerol-HNOj solution. Grain shape,
crystal direction, and phase composition of the samples were
analyzed by EBSD.
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TABLE 1
Conditions used to synthesize samples in this study
Samples Laser Power Laser Speed Layer Thickness Spot Size Hatch Distance Pattern
W) (mm/s) (nm) (um) (um)
Al 150 860
A2 160 860
Bl 150 1000 70 200 Chess board
B2 160 1000

3. Results and discussion

Characteristics of the commercial MA6000 powder and the
modified ODS Ni-based superalloy powders manufactured by the
PGHA process are given in TABLE 2. The composition of the
as-prepared powders were confirmed through EDX-XRF analy-
sis. Elementals, Fe, and Mn were found in the ODS Ni-based
superalloy. Fe and Mn were not present in the commercially

available MA6000 sample. The Y content of 2.55 wt.% in the
ODS Ni-super alloys was higher than the Y content of 1.10 wt.%
in the commercial MA 6000 alloy.

SEM images of ODS Ni-based superalloy powders are
shown in Fig. 1 The shape of the particles was mostly spherical
with some satellites present on the surfaces of the micron-sized
particles. This powder shape is suitable for the L-PBF process.
For powder #1, however, the fine particles had low flowabil-

TABLE 2

Composition of ODS Ni-based superalloys and commercial MA6000 alloy manufactured by a gas hybrid atomization process

Element Ni Cr Al w Ti Mo Ta Zr Y Fe Mn
MA6000 alloy Balance 15.00 4.50 4.00 2.50 2.00 2.00 0.15 1.10 — —
ODS Ni-super alloys Balance 17.09 3.02 3.91 3.23 2.90 2.03 0.38 2.55 0.07 0.98
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Fig. 1. LPSA, XRD, and SEM images of modified ODS Ni-based superalloy powders: (a) powder #1, (b) powder #2, (C) powder #3



ity making them unsuitable for L-PBF. Unlike ODS Ni-based
superalloy powder #1, ODS Ni-based superalloys #2 and #3
powder had appropriate flowability. Thus, they were used in
the L-PBF process.

SEM images and EDS analyses of the samples treated by
L-PBF are shown in Fig. 2. Microdendrites were observed in each
specimen and insoluble powders (indicated by the blue arrows)
were unexpectedly observed in some areas on SEM images [5-8].
EDS analysis was performed to determine what these insoluble
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powders were. These insoluble powders contained Ta, Al, Si,
and Y [8,9] and the content of the following elements was higher
than that of the initial powders: Ni, Cr, and Ta [9,10].

EBSD analysis results for the L-PBF treated samples are
shown in Fig. 3. Examination of the inverse pole figure (IPF)
map of each specimen revealed that crystals grew in the <001>,
<101>, and <111> directions depending on build direction [11].
A microstructure that hindered crystal growth according to build
direction was present in the #2 ODS Ni-based superalloy (see

Fig. 2. SEM images and EDS results of L-PBF treated modified ODS Ni-based superalloys: (a-b) Specimens of ODS Ni-based superalloy powder
#2. (a) Al, A2, (b) B1, B2, (c-d) specimens of ODS Ni-based superalloy powder #3. (c) A1, A2, (d) B1, B2
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Fig. 3. EBSD data for modified ODS Ni-based superalloy samples: (a-b) specimens of ODS Ni-based superalloy powder #2, (c-d) specimens of
ODS Ni-based superalloy powder #3. (high magnification: Y,O5 particles present in the A1 specimen)
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Fig. 3) [11,12]. We confirmed that Ti was segregated in this
superalloy and fine cracks were observed. When the powder #2
ODS Ni-based superalloy was viewed at higher magnification,
Y,0; (indicated by the arrow) was clearly seen near the grain
boundaries [12,13] as shown in Fig. 3(a), Fig. 3(c), and Fig. 3(d)
of ODS Ni-based superalloy #3 samples were like the results of
(a) and (b) of powder #2, respectively. Cracks were observed
for the L-PBF treated ODS Ni-based superalloy powder #3,
and Ti intermetallic precipitates were observed in the grain
boundaries of dendrites [12-15]. Micro Vickers hardness meas-
urements were carried out to assess the mechanical properties
of the specimens. The specimens of #2 powder exhibited hard-
ness values of 395.6 HV, 352.5 HV, 405.7 HV, and 376.7 HV,
while the specimens of #3 powder showed hardness values of
415.6 HV, 381.3 HV, 400.2 HV, and 425.2 HV.

4. Conclusions

The applicability of the 3D printing L-PBF process for
creating modified ODS-Ni superalloy powders was investigated.
Powders were generated using the PGHA process and the com-
position of the powders was studied by EDS-XRF. We confirmed
that Fe, Mn, and Y,0; were present in ODS-Ni superalloy
powders but not commercial MA6000 powder. Three powder
samples of ODS Ni-based super-alloys were studied: powder #1
(<25 pm), #2 (25 ~ 45 pm), and #3 (45 ~ 60 um). Powders #2
and #3 were suitable for the L-PBF process. SEM and EBSD
revealed microdendrites and Y,O; oxides in the grains regardless
of powder size. Ti intermetallic precipitates were also found in
grain boundaries. These oxides and precipitates hindered crystal
growth during PBF laser building.
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