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Oxide-dispersion-strengthened (ODS) alloys exhibit exceptional mechanical properties, making them ideal for high-temperature
applications in areas such as aerospace and nuclear reactors. The traditional manufacturing of ODS alloys involves mechanical
alloying, followed by processes such as hot extrusion and hot isostatic pressing. However, these methods are limited when it co-
mes to producing complex geometries. Recent advances in additive manufacturing (AM) techniques, specifically selective laser
melting (SLM) and directed-energy deposition (DED), offer exciting new possibilities for fabricating ODS alloys. Early re-
search demonstrated the feasibility of using SLM to create complex parts with uniformly dispersed oxide particles, thereby en-
hancing the materials’ properties. Subsequent studies confirmed that optimising the SLM parameters could further improve the
mechanical performance of ODS alloys. DED techniques have also shown promise, with innovations like in-situ oxide forma-
tion during deposition and high-speed laser cladding. These methods have achieved success by producing ODS materials with
refined microstructures and enhanced mechanical properties. The latest research continues to explore the potential of AM for
ODS alloys, focusing on improving the dispersion of nanoparticles and minimising the tendency of particles to agglomerate.
Overall, AM has advanced the fabrication of ODS alloys by offering efficient production routes and the ability to create intricate
designs with superior properties.
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Zlitine oja~ane z disperzijo oksidnih delcev (ODS; angl.: Oxide-Dispersion-Strengthened alloys) imajo izjemne mehanske
lastnosti in so zato {e posebej idealne za visoko temperaturne aplikacije v letalski industriji in jedrskih reaktorjih.
Konvencionalne ODS zlitine so izdelane s P/M (angl.: Powder Metallurgy) postopkom mehanskega legiranja, kateremu sledijo
postopki zgo{~evanja kot sta naprimer vro~a ekstruzija ali vro~e izostatsko stiskanje (HIP). Vendar so ti postopki omejeni
predvsem pri izdelavi majhnih izdelkov zahtevnih geometrij. Najnovej{i napredek dodajalnih tehnologij (AM; angl.: additive
manufacturing), {e posebej selektivnega laserskega taljenja (SLM; angl.: selective laser melting) in direktnega energijskega
nanosa (DED; angl: directed-energy deposition), ponuja vznemirljive nove mo`nosti izdelave ODS zlitin. Nedavne raziskave so
pokazale mo`nosti uporabe SLM za kreiranje izdelkov zahtevnih oblik z enakomerno porazdelitvijo oksidnih delcev v kovinski
matrici, kar mo~no izbolj{a njihove lastnosti. Nadalje so {tudije potrdile, da optimiziranje parametrov SLM lahko {e izbolj{a
mehanske lastnosti ODS zlitin. Tehnike tehnologije DED so prav tako obetajo~e. Z inovacijami kot sta in-situ tvorba oksidov
med nanosom in visoko hitrostno lasersko platiranje se lahko dose`e izdelava ODS kompozitnih materialov z zelo fino
mikrostrukturo in odli~nimi mehanskimi lastnostmi. Najnovej{e raziskave se nadaljujejo na podro~ju raziskovanja potenciala
AM tehnologij za izdelavo novih vrst ODS zlitin z osredoto~enjem na izbolj{anju disperzije (fine enakomerne porazdelitve)
nanodelcev in zmanj{anju tendence njihovega skupljanja (aglomeracije). Dodajalna tehnologija torej ponuja napredek pri
izdelavi ODS zlitin in ponuja u~inkovite izdelovalne postopke ter mo`nost kreiranja posebno zahtevnih oblik (dizajnov) oziroma
izdelkov s superiornimi lastnostmi.
Klju~ne besede: zlitine oja~ane s fino disperzijo oksidnih delcev, dodajalne tehnologije, najnovej{e raziskave in napredek

1 INTRODUCTION

Oxide-dispersion-strengthened (ODS) alloys are a
category of materials known for their exceptional me-
chanical properties at both ambient and high tempera-
tures.1–4 These characteristics make them ideal for use in
gas turbines and combustion engines in aerospace,5 as
well as in nuclear-fission-reactor cladding tubes and nu-
clear-fusion reactor blankets. The remarkable properties

of ODS materials stem from the uniformly distributed
sub-micrometer oxide particles within a corrosion-resis-
tant metallic matrix. Typically, the production of ODS
materials involves mechanical alloying,6 followed by hot
extrusion or hot isostatic pressing (HIP),7 hot rolling,8

and final shaping.9 Although there are alternative meth-
ods to achieve the desired microstructures, they are infre-
quently documented. Some of these include gas
atomisation coupled with an internal oxidation step dur-
ing the HIP,10 or the in-situ oxidation of an element like
titanium in the molten steel with electromagnetically
controlled stirring.11 Other approaches, such as oxide
formation in a melt pool,12 internal oxidation,13 and spark
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plasma sintering (SPS)14–16 have also been explored.
However, these methods are greatly constrained in terms
of the variety of shapes they can produce, often necessi-
tating additional machining or slicing to achieve more
complex geometries. Here, we look at how additive man-
ufacturing (AM), in particular selective laser melting
(SLM), which is sometimes referred to as laser pow-
der-bed fusion (LPBF) or simply PBF, and more recently
directed-energy deposition (DED), have advanced the
fabrication of ODS alloys. Figure 1 schematically illus-
trates the process of powder preparation as the feedstock
material for the PBF printing process, along with a sche-
matic representation of the microstructure with homoge-
neously distributed nano-oxide particles, which contrib-
ute to the high-temperature stability of the material in
terms of mechanical, tribological, and corrosion proper-
ties.

2 EARLY WORK ON THE ADDITIVE MANU-
FACTURING OF ODS MATERIALS UP TO 2020

Laser-based AM has the very important advantage of
being able to realise complex parts directly from the
feedstock metal powders.17 Such a process combines a
small melt pool, created by the energy delivered by the
laser, with high solidification rates that occur as the laser
exits the region of the melt pool, giving them complex
flow patterns and a homogenous dispersion of the

sub-micrometer oxide particles.18 SLM is an AM tech-
nique that uses a high-power laser to selectively fuse fine
metal powder particles, in a layer-by-layer process, to
create a solid, three-dimensional object. For example, as
early as 2009, John C. Walker et al. fabricated an ODS
PM2000 alloy using SLM, managing to ensure a nano-
scale oxide dispersion due to the high cooling rates19 in a
paper that appeared in the journal Advanced Engineering
Materials. The researchers were attracted by the high so-
lidification cooling rates typically associated with laser
welding (>105 deg C s–1). Their conclusion was that opti-
mization of the SLM processing parameters could lead to
the retention of properties in a dispersion-strengthened
microstructure, and suggested that the applications of
SLM-built PM2000 parts could include custom-made or-
thopedic hip joints, high-temperature heat exchangers,
and chemical tubing, as well as conventional furnace-fur-
niture components. In 2015, Boegelein et al. continued
the work on PM2000 and reported on the mechanical re-
sponse and deformation mechanisms of ferritic ODS
steel structures produced by SLM.20 They found that a
post-build anneal resulted in an increase in the yield
strength of wall builds up to values observed for conven-
tionally fabricated, recrystallised PM2000. In 2016, the
same group characterised a complex, thin-walled struc-
ture fabricated by SLM using a ferritic ODS steel.21 Also
in 2015, Ryan M. Hunt et al. produced a MA956 ox-
ide-dispersion-strengthened steel by SLM, achieving
97 % of the wrought MA956’s density, but only 65 % of
the wrought strength.22 2018 saw the publication of a pa-
per on the AM of a 316L steel-matrix composite rein-
forced with CeO2 particles, which involved adjusting the
laser scanning speed to optimise the process by Salman
et al.23 Their work led to some important conclusions.
First, the addition of CeO2 does not change the phase
formation during solidification, although it affects the
microstructure of the composite, which is greatly refined
compared to the unreinforced AISI 316L. The refined
microstructure strengthens the composite without ad-
versely affecting the plastic deformation. These results
indicated that dense AISI 316L/CeO2 composites with
enhanced room-temperature strength could be synthe-
sized by SLM.

In 2016, H. Springer et al. described an efficient AM
production of oxide- and nitride-dispersion-strengthened
materials based on atmospheric reactions in liquid-metal
deposition.24 They presented an alternative production
method based on the oxide and nitride formation during
liquid-metal-deposition procedures in oxygen- and/or ni-
trogen-containing atmospheres. Rapid solidification of
the small liquid zone suppressed the floatation and ag-
glomeration of particles, while subsequent thermo-me-
chanical treatments densified the material and helped
with particle dispersion. The in-situ particle formation,
coupled with the high deposition rates, ensured a short-
ened production chain. The feasibility of the method was
demonstrated on austenitic stainless steel and commer-
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Figure 1: Schematic representation of the production of ODS steel us-
ing the PBF-LB/M process. The feedstock powder material is a metal-
lic powder mixed with Y-oxide nanoparticles or other thermally stable
oxides. The feedstock powder can also be oxidised, introducing oxide
particles into the microstructure during LBF-LB/M. Additionally, a
combination of the two methods can be used. The final result is ODS
steel with nano-oxide particles uniformly distributed in the
microstructure. Such material generally exhibits improved mechani-
cal, tribological, and corrosion properties, particularly at elevated tem-
peratures.



cially available deposition techniques as used in AM,
performed without a shielding gas. Even without sub-
stantial optimisation of the processes and material, more
than 2 �/% of hard and stable Cr2N particles with sizes
down to 80 nm could be evenly dispersed, resulting in
pronounced strengthening at room temperature and 700
°C without any significant loss in ductility.

In the latter part of 2017, an important paper by C.
Kenel et al. on the SLM of an ODS �-TiAl alloy in an at-
tempt to produce complex structures was published in
the journal Materials & Design.25 They found that the
SLM material consisted mainly of an �2 phase with em-
bedded Y-rich dispersoids and that the cracking fre-
quency was reduced for a high radiant exposure. Indeed,
re-scanning with 90° reduced the degree of cracking by
up to a factor of approximately 2. In 2018, Streubel et al.
published a report indicating that laser-generated
nanoparticles were deposited on powders for the AM of
ODS alloy parts via laser metal deposition in the Japa-
nese Journal of Applied Physics.26 They presented a new
route for the adsorption of pulsed-laser-dispersed nano-
particles onto metal powders in an aqueous solution
without the need for any binders or surfactants. Using an
electrostatic interaction, they deposited Y2O3 nano-
particles onto iron–chromium powders and achieved a
high dispersion of nano-sized particles in the metallic
powders. Using AM they showed how the particle spac-
ing of the oxide inclusions could be adjusted by the ini-
tial mass fraction of the adsorbed Y2O3 particles on the
micropowder. The procedure was a robust one for the
AM of ODS alloys based on oxide nanoparticles sup-
ported on steel micropowders.

A year later, Markus B. Wilms et al. reported on the
laser AM of ODS steels using laser-generated nano-
particle-metal composite powders in Procedia CIRP.27

They described a new route for synthesising powder
composites suitable for laser AM. The powder compos-
ites, consisting of micrometre-sized, stainless-steel pow-
der, homogenously decorated with nano-scaled Y2O3

powder particles, were manufactured by laser processing
colloids and electrostatic deposition. After consolidation
by laser metal deposition and SLM, the resulting speci-
mens showed superior mechanical properties at elevated
temperatures caused by the nano-sized, homogenously
distributed dispersoids.

2020 saw C. Doñate-Buendia et al. describe the effect
of nanoparticle additivation on the microstructure and
microhardness of ODS steels produced by laser pow-
der-bed fusion (PBF) and directed-energy deposition
(DED).28 The powder composites were made of microm-
eter-sized iron-chromium powders that were homogen-
ously decorated with Y2O3 nanoparticles, synthesized by
pulsed-laser fragmentation in water. When consolidated
by PBF and DED, an enhanced microhardness was mea-
sured, which was related to the microstructural differ-
ences between the differently processed samples.

The appropriateness of DED was demonstrated sev-
eral times using mechanically alloyed powder material.
For example, in 2018, Zheng Min et al., in The Journal
of Engineering for Gas Turbines and Power, published
an article on the fabrication and characterisation of an
additive-manufactured, nickel-based, ODS coating
layer.29 They detected the formation of an Al2O3 scale
above the ODS coating layer at an early stage. This had
long-term stability throughout the oxidation test. The
formation of a stable alumina scale acted as a protective
layer to prevent the oxygen from penetrating the top sur-
face. Spallation of part of the nickel and chromium ox-
ides was observed, but the thickness of the oxide scale
showed almost no change. In addition, they observed ad-
hesion between the ODS coating layer while the sub-
strate was stable throughout the oxidation test. The study
has proved that AM can be used to fabricate structural
and protective coating layers for turbine airfoils. A year
later, Silja-Katharina Rittinghaus & Markus B. Wilms,
described the ODS of �-TiAl by laser MM in the Journal
of Alloys and Compounds.30 They looked at a short-
milled powder compound consisting of gas atomized
�-TiAl powder and nano-scaled Y2O3 powder via DED.
They observed fully dense, crack-free samples with
homogenously dispersed Y2O3 particles. Just prior to
this, Barton Mensah Arkhurst et al. published a paper on
the DED of 14Cr ODS steel powders using Y2O3 and
HfO2 dispersoids,31 where they detected the presence of
nanometer-sized particles in all the deposition layers of
both Y2O3- and HfO2-dispersed ODS steels, and their
number densities were far lower than those in conven-
tional bulk ODS steels. However, transmission electron
microscopy analyses revealed that the dispersion and re-
tention of the nanoparticles within the melt were not
achieved, even with HfO2 as a dispersoid. Furthermore,
the deposition layers of both the as-milled Y2O3 and
HfO2 ODS steels also exhibited an unusual nano-grained
structure. The microhardnesses of the HfO2- and the
Y2O3-dispersed ODS steels in both the as-milled and the
pre-annealed conditions were higher than the substrate.

2018 also saw the publication of an article on the la-
ser AM of ODS steels using laser-generated, nano-
particle, metal-composite powders28 as part of the 10th
CIRP Conference on Photonic Technologies. A new
route for the synthesis of powder composites suitable for
processing with laser AM was described. The powder
composites, consisting of micrometer-sized, stainless-
steel powder, homogenously decorated with nano-scaled
Y2O3 powder particles, were manufactured by the laser
processing of colloids and electrostatic deposition. After
consolidation by laser metal deposition and SLM, the re-
sulting specimens showed superior mechanical proper-
ties at elevated temperatures, caused by the nano-sized,
homogenously distributed dispersoids.

The agglomeration of oxide nanoparticles in
DED-manufactured material was found to be problem-
atic. Yingnan Shi et al. conducted a microstructure char-
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acterization and measured the mechanical properties of a
laser-engineered, net-shaped ODS Fe-9Cr alloy and
found that equiaxed martensitic grains together with mi-
cro-pores were observed in the as-deposited alloys.32

However, with an increase in laser power, the density
and size of the pores decreased, the grain size of the al-
loys increased, while the number density of nanoscale
oxides decreased due to the formation of thicker,
Y-Ti-O-enriched and Al-O-enriched slag layers. Hot iso-
static pressing (HIP) processing of the as-deposited ODS
alloy with a low laser power reduced the density and the
size of the micro-pores, refined the grain size, and pre-
cipitated a higher density of nanoscale oxides (Y2TiO5

and Y2Ti2O7). This improved the tensile properties com-
pared to ODS EUROFER steel produced by conventional
powder metallurgy. A second paper by Yingnan Shi et al.
in early 2020 in the journal Materials Science and Engi-
neering: A33 looked at the microstructure and tensile
properties of a Zr-containing ODS FeCrAl alloy fabri-
cated by laser AM. The findings included coarse colum-
nar grains with preferred orientation ([001] fibre tex-
ture), obtained after deposition, were retained after a
post-build heat treatment. The average width of the co-
lumnar grains for both the as-deposited and heat-treated
samples was ~180–190 μm. A slag-like layer made up of
Y3Al5O12, ZrO2 and Al2O3 was also observed on the sur-
face of deposited sample. The post-build heat treatment
produced high-density nanoscale Y4Zr3O12 oxides in the
matrix. The agglomeration was attributed to reduced
cooling rates that are the result of a larger beam diameter
and slower speeds used in DED compared to SLM.

3 COMMONLY USED OXIDES IN ODS STEEL
PRODUCTION

Oxide-dispersion-strengthened (ODS) steels are de-
signed to withstand extreme environments, such as high
temperatures, radiation exposure, and mechanical stress.
They are strengthened by the uniform distribution of fine
oxide particles within the metallic matrix, which en-
hances the mechanical and thermal stability, while im-
proving the creep resistance and the high-temperature
strength. The choice of oxide plays a crucial role in de-

termining the properties and performance of ODS mate-
rials, as each oxide imparts unique characteristics to the
alloy.

Table 1 highlights some of the most used oxides in
ODS material production, including yttria (Y2O3), alu-
mina (Al2O3), ceria (CeO2), and titania (TiO2). These ox-
ides are selected based on their thermal stability, chemi-
cal inertness, and ability to form nanoscale dispersoids
that inhibit dislocation movement and grain-boundary
sliding. In addition to their role in enhancing the me-
chanical properties, these oxides contribute to oxidation
resistance, radiation tolerance, and microstructural sta-
bility, making ODS materials suitable for applications in
aerospace, nuclear reactors, and high-temperature indus-
trial processes.

4 THE ADDITIVE MANUFACTURING OF ODS
MATERIALS SINCE 2020

Since 2020 there has been increasing levels of inter-
est in producing ODS materials using AM. Many of the
same research groups have continued to be involved.
Markus B. Wilms et al. published an article in the journal
Progress in Additive Manufacturing about manufacturing
ODS steels using an advanced DED process of
high–speed laser cladding.47 They described the manu-
facturing of an iron-based ODS PM2000 composite ma-
terial with the chemical composition Fe20Cr4.5Al0.5Ti +
0.5Y2O3 (in w/%) using an advanced DED process re-
ferred to as high-speed laser cladding (HSLC). The char-
acteristic high solidification rates of the HSLC processes
successfully dispersed the nano-scale, yttrium-based ox-
ides in the ferritic stainless-steel matrix. The suppression
of nanoparticle agglomeration during the melting stage,
which is frequently observed in conventional DED pro-
cesses of ODS materials, was reflected in smaller
dispersoid sizes and corresponding higher hardnesses
compared to DED counterparts.

Then in 2022, Markus B. Wilms and Silja-Katharina
Rittinghaus switched their attention to copper alloys and
published an article on the laser AM of ODS copper–
chromium–niobium alloys.48 The alloy was chosen be-
cause of the role it plays in thermally stressed compo-
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Table 1: Overview of each oxide, including its chemical formula, key characteristics, specific roles in ODS materials.

Oxide Chemical for-
mula Key characteristics Role in ODS material Citation

Yttria Y2O3

High thermal stability, excellent resistance
to coarsening, and strong oxide-matrix
bonding.

Improves high-temperature strength, creep
resistance, and oxidation resistance.

34, 35, 36,
37, 38, 39

Alumina Al2O3
High hardness, good wear resistance, and
thermal stability.

Enhances mechanical properties, espe-
cially wear resistance, and provides ther-
mal stability at high temperatures.

39, 40, 41,
42. 43

Ceria CeO2
Good thermal and chemical stability, and
oxygen storage capacity.

Improves oxidation resistance and stabi-
lizes microstructure at high temperatures.

44, 45, 40

Titania TiO2
High melting point and good stability in
the steel matrix.

Enhances wear resistance and high-tem-
perature strength, contributing to
microstructural stability.

39, 41, 46



nents in modern aerospace propulsion systems. Such an
application requires both material strength and stability
at high temperatures, which can be achieved with ODS.
The addition of nanoscale Y2O3 resulted in a complex
microstructure with populations of Cr- and Nb-enriched
nanoparticles next to Cr-rich yttrium oxide nanoparticles,
homogeneously dispersed in the metallic copper matrix.
The evolution of both nanoparticle species with the addi-
tion of Y2O3 led to a remarkable increase of the hardness
compared to their unreinforced counterparts.

Work in the US by Jennifer A. Glerum et al. on the
effect of oxide dispersoids on precipitation-strengthened
Al-1.7Zr (w/%) alloys produced by laser powder-bed fu-
sion was published in the journal Additive Manufac-
turing in August 2022.49 In this study Binary Al-1.7 w/%
Zr (Al-0.5 at % Zr) alloys, with and without 1 w/%
(0.7 �/%) Al2O3 nanoparticle additions (80–100 nm),
were fabricated by laser powder-bed fusion (L-PBF)
from blends of Al, Zr, and Al2O3 powders. They found
that the elemental Zr, which is ~80 % dissolved in the
melt pool, forms primary L12-Al3Zr precipitates upon so-
lidification and is retained in a supersaturated solid solu-
tion in the Al matrix. The primary L12-Al3Zr phase takes
three forms: (i) discrete, micron-sized precipitates that
nucleate fine Al matrix grains, (ii) elongated “strings” of
submicron precipitates forming in highly enriched Zr re-
gions, and (iii) < 100 nm precipitates within fine
Al-grains. The Al2O3 nano-dispersoid additions are ei-
ther lost to slag or entrapped within the Al-grains as ox-
ide dispersoids, resulting in an oxide concentration of
0.46 w/% for the modified ODS alloy. Al2O3 nanoscale
dispersoids (0.28 w/%) are also observed in the unmodi-
fied alloy, and are assumed to originate from (i) native
oxides from the surface of the Al powder particles,
and/or (ii) reaction with trace amounts of oxygen in the
processing environment. The hardness upon aging at
400 °C reaches a peak value of ~750–850 MPa after
1.5 h, consistent with the precipitation of secondary
L12-Al3Zr nanoprecipitates. With over-aging, the hard-
ness slowly decreased to 500 MPa (the as-processed
value) after 1500 h at 400 °C, with no difference ob-
served between the Al-Zr and Al-Zr-Al2O3 alloys. They
reported that the strengthening mechanisms combine
Hall-Petch strengthening from micron-sized grains, Zr
solid-solution strengthening, and secondary L12-Al3Zr
precipitate strengthening, with slow precipitate coarsen-
ing and effective grain pinning by Al3Zr precipitates and
oxide dispersoids located at the grain boundaries. The
creep resistance was comparable for both alloys, which
showed threshold stresses of ~15 MPa and 6 MPa, at
300 °C and 400 °C, respectively.

In 2023, researchers in France, Lucas Autones et al.,
assessed ferritic ODS steels obtained by laser AM,
which they published in the journal Manufacturing and
Materials Processing.50 This study was to assess the po-
tential of laser AM for the elaboration of ferritic/
martensitic ODS steels. These materials are usually man-

ufactured by the mechanical alloying of powders fol-
lowed by hot consolidation in the solid state. Two
Fe-14Cr-1W ODS powders were considered. The first
powder was obtained by mechanical alloying, and the
second was through soft mixing of an atomized Fe-14Cr
steel powder with yttria nanoparticles. The results ob-
tained with the laser powder-bed fusion (LPBF) process
were compared to a non-ODS powder and to a conven-
tional ODS material obtained by HIP. The micro-
structural and mechanical characterizations showed that
it is possible to obtain nano-oxides in the material, but
their density remains low compared to HIP ODS steels,
regardless of the initial powders considered. The ODS
obtained using laser AM had mechanical properties that
were modest compared to conventional ODS.

In 2023, Wilms et al. 51 reported again on the AM of
ODS alloys. They looked at the production of suitable
powder materials and consolidation techniques including
in-situ manufacturing techniques. The main emphasis
was process-related influences on the final ODS material
and its microstructural features as well as mechanical
performance. Different classes of ODS alloys were pre-
sented and discussed along with areas of application.
They also noted the current drawbacks of ODS alloys,
highlighting the development required for the wide-
spread application of these materials. Perhaps the most
important conclusion that they draw is that shorter pro-
cess chain, i.e., combining synthesis and shaping in a
single process step, suggests that the economic produc-
tion of ODS alloys by AM could be feasible.

Late 2023 saw the publication of a new paper by
SeungHyeok Chung et al. 52 on the additive manufactur-
ing of ODS CoCrNi medium-entropy alloy by in-situ ox-
ide synthesis in the Journal of Alloys and Compounds.
They proposed a novel ODS-feedstock preparation strat-
egy using the surface-modification and reinforcement
transplant (SMART) process and an in-situ dispersoid
synthesis strategy that could be applied during DED. The
feedstock of the ODS CoCrNi was prepared with a Co-Y
alloy powder and NiO or TiO2 as the Y and O suppliers,
respectively. To evaluate the in-situ dispersoid synthesis
effect, a counterpart was prepared by adding Y2O3 using
an ex-situ dispersoid-addition approach. The addition of
TiO2 to induce the supply of O and Ti led to an in-situ
synthesis of ODS CoCrNi with a 63.5 % reduction in
dispersoid size compared to the pristine CoCrNi result-
ing in the strengthening of the CoCrNi MEA matrix.
This study suggests that ODS alloys with an optimal
microstructure can be fabricated using the DED process
through in-situ dispersoid synthesis aided by Ti and O
suppliers.

5 CONCLUDING REMARKS

The advancements in additive manufacturing (AM)
of oxide-dispersion-strengthened (ODS) alloys have
demonstrated the potential for producing materials with

P. McGUINESS et al.: RECENT PROGRESS IN OXIDE-DISPERSION-STRENGTHENED (ODS) ALLOYS ...

Materiali in tehnologije / Materials and technology 59 (2025) 1, 3–10 7



exceptional mechanical properties suitable for high-tem-
perature applications in aerospace, nuclear reactors, and
other demanding environments. Selective laser melting
(SLM) and directed-energy deposition (DED) are partic-
ularly effective AM techniques for fabricating ODS al-
loys. These methods offer the crucial advantage of pro-
ducing complex geometries directly from metal powders,
thus eliminating the need for extensive post-processing
and additional machining required by traditional manu-
facturing methods. High solidification rates inherent in
laser-based AM processes facilitate the homogeneous
dispersion of sub-micrometer oxide particles within the
metal matrix. This uniform dispersion is essential for the
superior mechanical properties of ODS alloys. Optimiza-
tion of post-build annealing and processing parameters
further enhances these properties, leading to improve-
ments in density and microstructural refinement. Re-
search has explored various ODS materials, including
Fe-Cr-Al, PM2000, MA956, and 316L steel matrix com-
posites, revealing improvements in density and micro-
structure. Efforts to produce ODS �-TiAl alloys have
successfully reduced cracking through careful optimiza-
tion of the manufacturing process. Novel approaches,
such as in-situ oxide and nitride formation during the
AM process, have simplified the production chain and
improved particle dispersion. Techniques like laser-gen-
erated nanoparticle deposition onto metal powders and
high-speed laser cladding (HSLC) have been particularly
successful in enhancing the distribution and retention of
oxide particles.

Despite these advancements, the agglomeration of
oxide nanoparticles remains a challenge, particularly in
DED processes. Continued research is required to refine
processing conditions and material compositions to
achieve consistent mechanical properties and optimal
microstructural features. Recent studies have extended
the application of AM techniques to various ODS alloys,
including copper-chromium-niobium and Al-Zr alloys.
These studies emphasise the importance of combining
synthesis and shaping in a single step to make ODS alloy
production more economically viable. The potential for
economically feasible, large-scale production of ODS al-
loys using AM techniques is promising, with ongoing ef-
forts to optimise processes and expand the range of ap-
plicable materials.

In summary, the progress in the additive manufactur-
ing of ODS alloys highlights advances in material prop-
erties and production efficiencies. While challenges re-
main, the future of ODS alloy fabrication using AM
techniques appears bright, with substantial potential for
industrial applications.
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