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1. Introduction

The oxide dispersion strengthened (ODS) alloys are
time consuming to produce it using powder metallurgy
(PM) process, so the additive manufacturing (AM)
meets the requirement of time efficient and near net
shape production of ODS alloy. Nevertheless, the
mechanical properties of AM ODS alloy are lower than
PM ODS alloy. To enhance the mechanical properties,
the grain size and nano oxide dispersoid should be
refined. Recently, the refined oxides are evolved during
AM from melt pool in-situ oxidation [1-3]. During AM,
the oxygen gas in reactive gas (Ar+0,) is dissociated to
oxygen atoms by laser interaction and form oxides
when they meet the highly oxygen affinity elements
such as Y or Ti. The objective of this study is to study
the microstructure and oxide formation in ODS alloys
using electron microscope, small angle neutron
scattering (SANS).

2. Methods

The Fe-based ODS powder was sieved 53~150 pum
and laser powder-directed energy deposited (LP-DED)
with Insstek MX-400. The Fe, Cr, W, Y, Ti elements
were added to crucible and thereafter gas atomization
process was conducted. The oxygen was injected to
melt pool using reactive gas (Ar+0,). The LP-DED
sample was electrical discharge machined and final
polished until colloidal silica to remove residual stress.
The grain size was measured by equivalent circle
diameter from electron backscatter diffraction-inverse
pole figure (EBSD-IPF) map. The nano oxides were
observed by scanning transmission electron microscope
(STEM). STEM sample was prepared by twin-jet
electropolishing. The oxide size was measured and
calculated by small angle neutron scattering (SANS)
magnetic scattering obtained from KAERI HANARO
40M SANS [4]. The scatterings are lognormal fitted

and the oxide radius and fraction are extracted from
lognormal fitted results.

3. Results
3.1 Nano oxide observation

The Fig. 1 indicate the oxides distributed along
solidification cell boundaries and the Fig. 2 represents
the nano oxides distributed in a-Fe matrix. The white
oxides in Fig. 2(a) are confirmed to Y,Ti,O7 oxide by
selected area diffraction pattern (SADP), which is
general refined oxides in ODS alloys. The point energy
dispersive X-ray spectroscopy (EDS) results in Table I
shows that the oxides are Y, Ti, O rich. Initially, the Y and Ti
are dissolved in ODS powder and during LP-DED, the
Y2Ti207 oxide formed because the Y and Ti are
thermodynamically more stable to form oxide compared to Fe,
Cr,and W [5].
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Fig. 2. (a) STEM image of ODS alloy, (b) SADP of white
circle marked in (a).
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Table I: Point EDS results of Fig. 2(a) white circle

Element Fe Cr Y Ti O
W% Bal. 6.6 26.8 18.4 4.9

3.2 Grain structure

The Fig. 3 shows the mixture of columnar and
equiaxed grain structure of ODS alloys. The average
grain size is 61.2 + 28.7 um, which is much finer than
previous studies (>300 pm) [6]. The EBSD results
indicate that the nano oxide effectively pin the grain
growth during LP-DED. The oxide continuously
suppress the movement of grain growth, resulting finer
grain size and eventually they are distributed along
solidification cell boundary, which is the end region of
solidification process shown in Fig. 1.
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Fig. 3. EBSD IPF BD normal map
3.3 Measurement of oxide size, fraction from SANS

The oxide size, and fraction were calculated from
lognormal fitted function in Fig. 4. The mean oxide size
is 70.6 nm, and the volume fraction is 0.27%. The
oxide size is much smaller than Y,Os3 oxide coating
powder used laser AM (L-AM) previous study [7]
(mean oxide size 630 nm). First of all, the oxide was
already coated on the powder surface in previous study
and they could agglomerated during L-AM because the
melting point of Y,03; (2420 °C) is higher than Fe
(~1510 °C). Compared to it, the nano oxide was in-situ
formed during LP-DED in our study. As a result, the in-
situ oxide agglomeration tendency is lower than already
existing Y,0s3. Secondly, the Y»>0; oxide refinement
element, Ti was used in our study. Y,Ti,O; oxide is
finer than Y203 because the coarsening kinetics of
Y, Ti,07 is slower than Y,0s3 [8].
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Fig. 4. SANS data of ODS alloy.
4. Conclusions

The microstructure and oxide were evaluated using
SEM, STEM, EBSD, and SANS and the nano oxide
refine the grain size. Thus, the in-situ oxidation is
effective to evolve fine Y;Ti,O; oxide and thereafter
these oxides suppress the movement of grain growth.
This results show that the LP-DED in-situ oxidation is

candidate process to fabricate fine nano oxide dispersed
ODS alloy.
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