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Methodological Evolution in Materials Strength: Designing Advanced Structural
Materials through the Integration of Experiments, Digital Twins, and Al
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Complementary Relationship between Ceramic Particle Reinforcement and Additive
Manufacturing: A Case Study on CMZ247LC and Carbide Particles

Minje Lee, Taegyu Leex
Department of Materials Science and Engineering, Hanbat National University, 125

Dongseo—daero, Yuseong-gu, Daejeon 34158, Republic of Korea

ABSTRACT

Directed energy deposition (DED) is attractive for large-scale fabrication and
repair, but its feedstock is effectively limited to alloys that solidify without cracking,
which excludes many high-performance materials. Adding a ceramic reinforcement
can relieve this limitation, but only if the reinforcement is delivered uniformly to
every melt pool, which conventional blending or milling routes struggle to achieve
without degrading the powder morphology. In this study, composite feedstock was
prepared by SMART (Surface Modification And Reinforcement Transplantation), a
room-temperature mechanical process that transplants reinforcement particles onto the
surface of gas—atomized metal powder while preserving the spherical powder
morphology. Since each powder particle carries its own reinforcement, DED of
SMART feedstock is expected to produce a homogeneous metal matrix composite.
The two are thus complementary: the reinforcement widens the range of alloys that
can be deposited, while DED in turn provides a route to a homogeneous composite
that 1s difficult to obtain by conventional bulk processing. This was demonstrated
with CM247LC, a y'-strengthened Ni-based superalloy that is highly susceptible to
solidification cracking, using ZrC (1, 2 and 4 wt%), TiC and HfC (2 wt%) as
reinforcements. XRD showed that the discrete carbide reflections of the composite

powders were replaced by MC-type reflections in the as-built samples, indicating



dissolution during melting and re—precipitation as MC carbides. Microstructural
observation revealed uniformly dispersed carbides, finer grains and markedly
suppressed cracking relative to the unreinforced alloy, and a secondary carbide phase
was frequently observed filling and terminating incipient solidification cracks. By
decoupling printability from the chemistry of the matrix alloy, the SMART-DED
route offers a general platform for extending the DED materials window beyond
conventionally weldable alloys: the matrix can be chosen for its intrinsic performance,
and the reinforcement chosen independently to deliver both processability and the

target properties.
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Fig. 1. Optical micrographs showing the suppression of cracking with increasing ZrC

content in as-built CM247LC. Red arrows: cracks; blue arrows: pores.
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Thermal Expansion Coefficients and Mechanical Properties at Room and Cryogenic
Temperatures of Fe - 36N1 Invar Alloy Fabricated by Laser Powder Bed Fusion, and
the Effect of Heat Treatment
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ABSTRACT
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High temperature deformation instability of directed energy deposited IN625 superalloy

Jung Gi Kim!*, Minseok Gwak!, Ho Seoung Kang!, Won-Seok Ko? Gideok Park®,
Sangshik Kim!, Hyoung Seop Kim®, Jae Bok Seol’
"Department of Materials Engineering and Convergence Technology, Gyeongsang
National University
“Department of Materials Science and Engineering, Korea University
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iGraduate Institute of Ferrous & Eco Materials Technology, Pohang University of
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°School of Materials Science and Engineering, Kookmin University

ABSTRACT

Directed energy deposition (DED) of IN625 alloy is one of the important issues for
applying maintenance, repair and overhaul of gas turbine systems. Recent studies
reported the optimal DED processing parameters for IN625 and evaluated their
mechanical properties under various conditions, but deformation instabilities are
frequently observed at elevated temperatures. Because these deformation instabilities
degrade overall mechanical properties of DED IN625 components, several researchers
investigated possible mechanisms by segregation or secondary phases. However, it is
still difficult to explain a detailed instability mechanism due to their complex
microstructural evolution during DED. Therefore, in this work, deformation instability

of DED IN625 alloy was investigated using direct observation methods and



first-principle density functional theory (DFT) calculations. The DFT calculation
results revealed that the stacking fault energy (SFE) of IN625 reduced at elevated
temperatures. Particularly, solute elements (e.g., Cr, Co, and Fe) may cause chemical
short-range ordering (CSRO) in the matrix, and high-resolution transmission electron
microscopy observed the CSRO extended from 1 nm (for 10% deformation) to 3 nm
(for 30% deformation) at 923 K.

In summary, both the reduction of stacking fault energy (SFE) and the evolution of
CSRO at elevated temperatures enhance slip planarity, facilitating the dissociation of
partial dislocations during plastic deformation. Since Lomer-Cottrell locks are formed
by {111} partial dislocations in the IN625 alloy, dislocation locking and unlocking
behaviors occur at elevated temperatures. Consequently, frequent Lomer—Cottrell
locking, resulting from enhanced slip planarity, increases deformation instabilities in
DED IN625 alloys under high-temperature conditions. Although facility constraints
limit the ability to fully reveal the origin and statistical distribution of Lomer-Cottrell
locking behavior, direct observation of stair-rod-shaped Lomer-Cottrell locks and their
correlation with serrated flow effectively support the unique dislocation mechanisms

observed during tensile tests at elevated temperatures.

Stacking Fault Energy Lomer-Cottrell Lock Deformation Instability

-

, " . ,
o0 i L1 L1
Temperature, K

Temperature® [ SFE

H

Planarity

r
=
=

~\
(1200 _______I\
=2 — 298K
= 1000 —— 923 K

E

S . 2 soof

2 2 £

w LT

o Enhanced b4 Type B+C

Slip T e

@
E
=]
=
v}

—=Tr“ﬂTTm“\
) | - = 5 6

a

Chemical Ordering

s 3 Enhanced - .Engineering Strain (%)
Dislocation | RT @& HT
Locking
M Enhanced
e Slip . )
i 4 Planarity Temperaturet No Serration  — Serration
— . L Slip Planarity{ Void Fracture ~ —  Cleavage
\ Temperature* f Ordering? ) \ LC Locking* y \_ J




Proc. of the 40th Conference on Advanced Structural Materials
Busan Korea, 3 -4 Sep 2026
The Korean Institute of Metals and Materials

A3 oA EEHoE Axd 2Hd
Al 3
‘—l )

g 27 316L9 71-3&
?ﬂﬂHUVl 2

A B3 AT

A%, T
NaA B, Aeder)edstn, gaa
Email: ck0421@seoultech.ac.kr

Study of microstructure, mechanical properties, and corrosion behavior
at the acceleration/deceleration zones in stainless steel 316L fabricated

by selective laser melting

Seyun Jung, Changkyoo Park
Department of Materials Science and Engineering, Seoul National University of

Science and Technology, Seoul 01811, Republic of Korea

ABSTRACT

Selective laser melting (SLM) is an additive manufacturing technology capable
of fabricating components with complex geometries while enabling precise control
over phase constitution and elemental distribution. However, the use of galvanometer
scanners in the SLM process inevitably generates acceleration and deceleration
scanning zones. Consequently, these regions may exhibit microstructures and
mechanical properties that differ substantially from those formed under constant
scanning—speed conditions. In this study, the microstructural evolution of stainless
steel 316L (SS 316L) fabricated by SLM was investigated, with particular emphasis
on the acceleration and deceleration zones. Microstructural analyses revealed that
these regions possessed distinctive features compared with the constant-speed zones,
including irregular grain sizes and morphologies, the formation of sigma phases, and a
high density of defects. These variations were attributed to changes in the laser
energy input caused by fluctuations in the laser scanning speed.

Post-heat treatment of the SLM-fabricated SS 316L specimens was conducted
at 1373 K. The results confirmed that residual stresses in the acceleration and
deceleration zones were relieved and that annealing twins were formed after heat

treatment. To evaluate the mechanical properties of these regions, tensile specimens

_10_



containing intentionally enlarged acceleration and deceleration zones were fabricated
and subjected to tensile testing. The conventional SLM specimen exhibited a tensile
strength of 527.16 MPa, whereas the specimens dominated by acceleration and
deceleration zones showed considerably lower tensile strengths of 45.27 MPa before
heat treatment and 22.02 MPa after heat treatment. The significant differences in
microstructure and mechanical properties between the acceleration/deceleration zones
and the constant-speed regions make it difficult to ensure uniform material properties
and consistent quality, particularly in small-scale products and components. Therefore,
mitigating such local inhomogeneities 1is expected to substantially improve the
performance and reliability of SLM-fabricated products.

Furthermore, the acceleration and deceleration scanning zones resulted in high
surface roughness on the side surfaces of the SLM-fabricated components. High
surface roughness not only deteriorates the fatigue performance of SLM-fabricated
parts but also reduces their corrosion resistance. To address this issue, a laser
remelting process was applied to the surfaces of the SLM-fabricated specimens, and

their corrosion behavior was evaluated before and after laser remelting.

Laser -
Melting Track
Laser Power: 140 W

a:100 ord?
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Effect of HfC reinforcement on additively manufactured Inconel 718
Wonjong Jeong', Joowon Suh? Suk Hoon Kang? Seungmun Jung® Ryoon-Han Kim!,
Ho Jin Ryu®

! Department of Industrial Laser Technology, Korea Institute of Machinery
and Materials, Republic of Korea
2 Materials Safety Technology Development Division, Korea Atomic Energy
Research Institute, Daejeon 34057, Republic of Korea
3 Department of Materials Science and Engineering, KAIST, Daejeon,
Republic of Korea

ABSTRACT

Nickel-based  superalloy matrix  composites fabricated by  additive
manufacturing have attracted considerable attention as a promising approach for
improving high-temperature mechanical performance. In this study, HfC-reinforced
Inconel 718 composites were fabricated by laser powder directed energy deposition
(LP-DED), and their microstructural evolution, tensile properties, and creep behavior
were systematically investigated. Composite powders containing up to 6 vol.% HfC
were prepared using the surface modification and reinforcement transportation
(SMART) process and deposited under identical LP-DED conditions. During
deposition, HfC partially decomposed and participated in metallurgical reactions within
the molten pool, resulting in the formation of (HfNb,Ti)C carbides predominantly in
the interdendritic regions. HfC addition also altered the solidification behavior and
promoted the development of columnar grain structures. Specimens containing up to 3

vol.% HfC exhibited more than a 15% increase in room-temperature yield strength
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compared with unreinforced Inconel 718, both before and after heat treatment, while
satisfying the AMS 5663 specification. At 650 °C, the heat-treated specimen
containing 3 vol.% HfC exhibited increases of more than 20% and 500% in yield
strength and elongation, respectively. Furthermore, creep elongation and rupture life
increased by approximately 300% and 40025, respectively. These improvements are
attributed to the combined effects of secondary carbide formation and HfC-induced
microstructural evolution. These results demonstrate that HfC reinforcement is an
effective strategy for simultaneously improving the tensile and creep performance of

additively manufactured Inconel 718 for high-temperature structural applications.

_13_



Proc. of the 40th Conference on Advanced Structural Materials
Busan Korea, 3 -4 Sep. 2026
The Korean Institute of Metals and Materials

FFAY 2A-FF 2E9 £Y A

ez, AN, 9IF, e, 454
Y zgol= A AT EAZE 56

Email: ksy@nexwise.co.kr

Strategy for Developing a Technology Roadmap for Aircraft Engine Materials and

Components

Geunho Shin, Jongseok Kim, Heejune Lim, Yunewoo Lee, Sooyoun Kim
NEXWISE Co., Ltd., 56, Dunji-ro, Seo—gu, Daejeon, Republic of Korea

ABSTRACT

This study proposes a strategy for developing a roadmap for aircraft engine
materials and components for the period 2026 - 2040. The roadmap was developed by
comprehensively analyzing domestic and international technology trends, ongoing
domestic R&D programs, and technology demands, followed by evaluation and expert
review to select and visualize target technologies. Through this roadmap, the study
aims to establish independent domestic capabilities from core material development to
component demonstration, while creating a foundation for linking developed

technologies to engine applications and their subsequent expansion into the civil
aviation sector.
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Design of magnesium alloys for structural and biomedical applications

Jeong-Ki Kim, Du-Won Min, Sung Soo Park
Department of Materials Science and Engineering, UNIST

ABSTRACT

Magnesium (Mg) alloys have attracted considerable attention for both structural and
biomedical applications owing to their exceptionally low density, high specific
strength, and excellent biocompatibility. In structural applications, Mg alloys provide
significant opportunities for lightweight transportation systems, contributing to
improved energy efficiency and reduced carbon emissions. In the biomedical field, Mg
has emerged as a promising material for biodegradable orthopedic implants and
cardiovascular stents because it gradually degrades after fulfilling its mechanical
function, eliminating the need for secondary removal surgery. Although the
performance requirements differ between these applications, controlling corrosion or
degradation behaviour while maintaining sufficient mechanical properties remains a
common challenge. Therefore, developing alloy design strategies that simultaneously
optimize strength and corrosion/degradation behaviour has become a central focus in
magnesium alloy research.

Conventional Mg alloy development has relied primarily on alloying additions,
thermomechanical processing, grain refinement, and purification to improve
performance. In particular, reducing trace impurities such as Fe, Ni, and Cu through
increasingly stringent purification has long been regarded as the most effective
approach for improving corrosion resistance. While this strategy has enabled the
production of wultra-high-purity Mg with excellent corrosion performance, the
associated processing cost limits its widespread industrial application. Consequently,

alternative approaches capable of improving corrosion resistance without relying solely

_15_



on purification have become increasingly important.

Recent advances have demonstrated that microstructural engineering provides a new
design strategy for corrosion control. Rather than simply minimizing impurity content,
controlling the distribution, morphology, and electrochemical characteristics of
impurity—-containing particles can effectively suppress microgalvanic corrosion. In
particular, core?shell particle engineering enables impurity elements to be incorporated
into electrochemically benign intermetallic particles, thereby reducing their cathodic
activity and fundamentally changing the conventional relationship between impurity
content and corrosion resistance. This approach provides a new framework for
designing high—performance Mg alloys through particle engineering rather than
expensive purification.

These developments indicate that magnesium alloy design is evolving from
conventional composition—-based optimization toward microstructure—driven engineering.
Particle design offers a versatile strategy for tailoring corrosion and degradation
behaviour while preserving mechanical performance, making it applicable to both
lightweight structural alloys and biodegradable biomedical materials. Continued
advances 1in microstructural engineering are therefore expected to accelerate the
development of next-generation Mg alloys with improved durability for structural
applications and controlled degradation for biomedical implants, providing a common

design philosophy across these two important application fields.
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Anisotropic penetration behavior of Mg alloy armor plates

Taekyung Lee!, YunHo Kim®
ISchool of Mechanical Engineering, Pusan National University, Busan 46241, Korea

’Department of Aerospace Engineering, Seoul National University, Seoul 08826, Korea
ABSTRACT

Magnesium alloys are promising candidates for weight—critical protective structures
owing to their low density. At room temperature, however, the hexagonal
close—packed lattice of a-Mg activates only a few slip systems with ease, and thus
plastic flow relies primarily on basal slip supplemented by deformation twinning.
When rolling imprints a sharp basal texture, this crystal-level selectivity is amplified
into a pronounced directional dependence of macroscopic behavior. Such anisotropy is
well documented under quasi—static loading, yet little is known about how it operates
under projectile impact at a high velocity. This study compares the perforation and
penetration behavior of a strongly textured AZ31 Mg alloy plate struck along two
orthogonal directions, tracing the observed differences from the crystallographic scale
to the macroscopic failure pattern.

Square specimens were machined from a hot-rolled AZ31 Mg alloy plate whose
basal poles clustered along the normal direction (ND), and the impact axis was
aligned with either the ND or the rolling direction (RD). Spherical steel projectiles
with 5 mm in diameter were launched by a combustion-driven gas gun at an average
velocity of 834 m/s, and laser-sheet velocimetry quantified the kinetic energy
dissipated by each plate. Crater-adjacent regions were examined by optical and
scanning electron microscopy together with electron backscatter diffraction.
Complementary finite-element (FE) simulations employed Hill’s anisotropic yield

criterion coupled with Voce hardening and a stress—state-dependent damage
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formulation, and the computed local stresses were combined with Schmid-factor
analysis to rank the activation propensity of slip and twinning modes.

The two orientations produced consistently different outcomes. ND-impacted plates
dissipated 6.5 -6.7%6 more projectile kinetic energy than RD-impacted ones, and the
disk-shaped fragments detached from their rear surfaces were nearly circular with
aspect ratios of 1.04 -1.07. RD impact instead generated elliptical discing elongated
toward the transverse direction, with aspect ratios up to 1.70. In the 20-mm plates,
which arrested the projectile, the ND orientation developed a pronounced rear-surface
bulge (9.5% thickness increase versus 3.5% for RD) and remained essentially
crack—free, whereas visible cracking accompanied the RD impact.

These contrasts stem from the geometry between the local compressive stress and
the crystal lattice. Under ND impact, the radial compression generated by cavity
expansion stays nearly perpendicular to the c-axes at every azimuthal position,
keeping the resolved stress for extension twinning uniformly low; the front surface
therefore twins profusely and homogeneously, while the rear surface coarsens through
strain-induced boundary migration and dynamic recovery. Under RD impact, the angle
between the compression axis and the c—axes varies around the crater, so the
operative mechanism switches with position between basal slip and mixed slip -
twinning. The FE analysis showed that this heterogeneous accommodation
concentrates shear stress in one rear-surface sector, which recorded the highest local
plastic-work density, the largest failed—element fraction, and the shortest
strain—accumulation time. Plastic dissipation confined to such a narrow window favors
localized adiabatic heating; consistently, this sector exhibited dense adiabatic shear
bands containing ultrafine recrystallized grains and microcracks propagating along the
bands. Early shear cracking here curtails bulging and steers the elliptical fracture
path, explaining the inferior resistance of the RD orientation.

In conclusion, these results show that ballistic anisotropy in basal-textured Mg
plates is governed by whether the impact geometry preserves a uniform relationship
between the stress field and the lattice, offering a texture-based design principle for
lightweight Mg armor components.
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Micromechanical behavior and the role of a compositionally
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ABSTRACT

This study investigates the micromechanical behavior of additively manufactured
multilayer samples composed of alternating hard CoCrNi and soft CoCrNi,
medium-entropy alloy (MEA) layers fabricated by laser powder bed fusion (L-PBF).
Macro- and micro-scale mechanical testing and digital image correlation (DIC)
analysis, together with finite element simulations, reveal coupled global - local
deformation behavior and complex strain interactions within individual layers and
interfacial regions. In addition, we developed a new quantitative approach that

combines nanoindentation experiments and micro-DIC analysis to simultaneously probe

local strength and strain distribution. From all above results, we explored the
micromechanical role of a compositionally graded zone between the layers and the

underlying deformation mechanisms in the examined multi-layered MEA systems.

Figure 1. SEM images and the corresponding micro-DIC maps illustrating the arrays

of nanoindentations. Magnified views of region “A” are shown on the right.
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Sub-micron DIC Pattern-based Technique for Local Deformation and Residual Stress

Evaluation

Jong-hyoung Kim'!, Seo Hyeon Jang!, Eun Bin Kang? Im-Deok Kim®, Woon Ik Park!,
Seung-Kyun Kang?
"Pukyong National University, Department of Materials Science and Engineering
2UNIST, Department of Materials Science and Engineering

3Seoul National University, Department of Materials Science and Engineering
ABSTRACT

The adoption of advanced packaging technologies such as 3D ICs and HBM is
driving continuous miniaturization in semiconductor structures. These structures
involve complex multilayer geometries and heterogeneous interfaces, where residual
stresses 1nevitably arise from mismatches in thermal expansion, lattice constants, and
local processing conditions. Such stresses can drive cracking, delamination, and other
critical reliability issues at film and interfacial levels. Quantitative evaluation of local
residual stresses is therefore essential for robust packaging design and long—term
device performance.

Conventional techniques —including wafer curvature, X-ray diffraction (XRD), and
Raman spectroscopy —struggle to assess stress distributions in patterned and
multilayer thin films. Their limitations stem from material dependence and insufficient
spatial resolution. To overcome these challenges, we present a residual stress
evaluation method that integrates the classical slitting technique with Focused Ion
Beam (FIB) micromachining and high-resolution Digital Image Correlation (DIC).

A key enabling element of this method is the generation of sub—micron-scale DIC

patterns, which are essential for resolving highly localized displacement fields. Two
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independent patterning approaches were proposed to this end: electron-beam (e—beam)
lithography, which offers precise, well-controlled pattern formation with arbitrary
design flexibility, and block co-polymer (BCP) self-assembly, which provides a
simpler and more cost-effective route to sub-100nm features via microphase
separation. In this method, patterns defined by either approach are protected by a
sacrificial polymer during FIB milling. Local stress relaxation is induced by FIB
milling, and the resulting displacement fields around the milled region are captured
via DIC. Based on linear elastic theory, these displacement fields are analyzed in
conjunction with finite element simulations to reconstruct the residual stress state at
the corresponding location. This provides a semi—non-destructive, high-resolution
mapping approach suited for thin—film structures in semiconductor packaging.

Finite element simulations were conducted to validate key assumptions and assess
the method under non-equibiaxial stress states common in anisotropic or multilayered
systems. Results confirm that the proposed approach can accurately interpret complex
stress states independent of the patterning method used, offering a powerful tool for
reliability assessment and design optimization in advanced packaging technologies.

This presentation will cover the theoretical framework, experimental implementation
of both the e-beam Ilithography—- and BCP-based DIC patterning approaches, and
numerical validation of the FIB-uDIC slitting method, highlighting its potential for

addressing critical reliability challenges in semiconductor packaging.

_22_



Proc. of the 40th Conference on Advanced Structural Materials
Busan Korea, 3 -4 Sep 2026
The Korean Institute of Metals and Materials

fo
g
[N
o

221 EE 7L E
&

AA ASH A4 - 22

utel gl o)At
197371 &9 A AR F s
RGN EFT AFE FU2EA 50 A &4

Email: sukbinlee@unist.ac.kr

Critical behavior and interfacial energy at the order—disorder transition
in the 2D MC Potts Model

Minseong Park!, Sukbin Lee!
IDepartment of Materials Science and Engineering
Ulsan National Institute of Science and Technology (UNIST), 50 UNIST-gil,
Eonyang-eup, Ulju—gun, Ulsan, Korea

ABSTRACT

The order—disorder transition in the Ising model, the two-spin case of the Potts
model, has been extensively studied to predict the transition temperature and to
elucidate its thermodynamic nature. This is because the Ising model provides a simple
yet powerful description of the ferro-para magnetic transition at the Curie
temperature. In contrast, the Potts model, the case for the multiple Q@ (>=2) spins, has
found its broader applications in predicting microstructural evolution during coarsening
processes such as grain growth, recrystallization, and sintering. Unfortunately, the
order—disorder transition of the Potts model has not been, however, as broadly
investigated, largely because its transition is analogous to melting, or solidification in
reverse, in microstructural evolution. Furthermore, the Potts model accommodates
multiple spin states, making the prediction of its transition behavior inherently more
complex than that of the Ising model. In this study, we investigate the characteristics
of the order—disorder transition in the 2D Potts model on a square lattice via a Monte
Carlo Potts model simulation. The simulation results are also compared with the
predictions of the mean field theory. From the simulations, both the nature of the

transition and the critical temperature are obtained. It is found that the critical
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behavior of the Potts model strongly depends on the number of spin states (Q), and
that this trend is in accordance with the mean field theory predictions. Furthermore,
the interface energy between the ordered and disordered phases is evaluated using the
mean field theory, and its associated thermodynamic behavior is examined through
Monte Carlo Potts model simulations. Thermodynamic interpretations of these

phenomena are also presented.

_24_



A 40 3 HETEAE AZAY
09€ 034 [#]
Al 2 TR3IFG

— Session 1

— Session 2

_25_




Proc. of the 40th Conference on Advanced Structural Materials
Busan Korea, 3 -4 Sep 2026
The Korean Institute of Metals and Materials

z2HEdgE

of

AT HIH

84, olbF
PAUEL ARFHY

Email: choiys@pusan.ac.kr
Artificial Intelligence Approaches for Superalloys

Yoon Suk Choi and Taejoo Lee

School of Materials Science and Engineering, Pusan National University, Busan, 46241

ABSTRACT

An artificial intelligence (AI)-based framework was proposed to search for Ni-
and Co-base polycrystalline superalloys with improved high-temperature strength,
creep and oxidation-resistant properties. The proposed Al-based framework consists
of forward machine learning (ML) models optimized to predict high-temperature
strength, creep and oxidation-resistant properties, and the denoising diffusion
probabilistic  model for the generation of  synthetic  compositions. A
composition—processing-property database was built through the literature survey and
selected experiments, and pre-processed to train and optimize ML models. The
denoising diffusion probabilistic model was adopted to generate a virtual superalloy
compositional pool out of collected original Ni- and Co-base superalloy compositions.
Pre-trained ML models were used to predict high-temperature strength, creep and
oxidation-resistant properties for each of generated virtual superalloy compositions.
Finally, virtual superalloy compositions were screened to search for new Ni—- and
Co-base superalloys having superior high-temperature strength, creep and
oxidation-resistant properties. Ni- and Co-base superalloys newly developed from the
proposed Al framework were experimentally validated. Also, their metallurgical

foundation was thoroughly assessed.
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Alloy Design of a Hf-free 247 Grade Superalloy for AM Achieving Crack Suppression
and Enhanced Creep Resistance through GB Strengthening Element Control

T.-G. Kim"", A.-R. Lee!, W.-S. Ko?, B.-S. Lee®, H.-]. Lee®, H.-U Hong'
"Department of Materials Science and Engineering, Changwon National University
*Department of Materials Science and Engineering, Korea University
3Functional Materials and Components R&D Group, KITECH

ABSTRACT

High vy’ 247 type Ni-based superalloys possess excellent high temperature
properties but are classified as nonweldable, which has limited their application in
additive manufacturing. In this study, a Hf-free 247 grade superalloy, CW?247, was
developed by redesigning the CM247LC chemistry to reduce raw material cost and to
suit electron beam additive manufacturing, using a multiscale design framework that
combines Thermo-Calc thermodynamic calculations with DFT based planar fault
energy calculations. The designed alloy was fabricated into a dense specimen by
SEBM and exhibited high strength retention at 871 °C, whereas liquation cracks were
observed along high angle grain boundaries. TEM analysis revealed that the cracks
originated from constitutional liquation of Nb and Zr bearing MC carbides, with local
melting and resolidification products identified. Based on this mechanism, a modified
alloy, CW?247-D, was designed by reducing Nb and C, removing Zr, and adding B.
Atom probe tomography confirmed that B segregated to the grain boundaries in place
of Zr. As a result, cracking was markedly suppressed, and the creep rupture life at
815 °C and 448 MPa improved from 76 h to 662 h, reaching a level comparable to
conventionally cast CM247LC. This work demonstrates that grain boundary
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strengthening element control serves as an effective design factor that simultaneously

achieves crack suppression and high temperature performance in superalloys for

additive manufacturing.
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Fig. 1. Schematic of alloy design of Hf-free 247 grade superalloy for AM.
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Effect of Stacking Fault Energy on

Discontinuous Plastic Flow at Ultra-Low Temperatures

Jae Wung Bae'*, Pil Wook Shin!, Young-Kyun Kim?, Jun Seok Lee!, Young-Sang
Na?, Hyoung Seop Kim3, Subin Lee?
"Pukyung National University
“Korea Institute of Materials Science
SPohang University of Science and Technology (POSTECH)
“Karlsruhe Institute of Technology

ABSTRACT

Discontinuous plastic flow (DPF) at ultra-low temperatures is one of the primary
factors limiting the mechanical stability and reliability of structural materials used in
cryogenic environments. However, the microstructural factors governing the
characteristics of DPF, particularly the magnitude of stress drops, remain poorly
understood. In this study, we demonstrate that stacking fault energy (SFE), a key
material parameter controlling plastic deformation, plays a decisive role in determining
DPF behavior at ultra-low temperatures.

To investigate this effect, the SFE was systematically tailored by varying the Ni and
Co contents in face-centered cubic (FCC) FessCriosNixCoes—wMors medium-entropy
alloys. Tensile tests were conducted at 4.2 K to evaluate the deformation behavior.
As the SFE increased, the magnitude of stress drops was significantly reduced,
resulting in more stable plastic flow. Microstructural characterization revealed that
low-SFE alloys deformed predominantly by planar slip, where extensive dissociation

of perfect dislocations into partial dislocations promoted frequent interactions among
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partial dislocations and the formation of strong dislocation barriers, leading to
pronounced stress drops. In contrast, higher SFE facilitated wavy slip by promoting
dislocation cross-slip, thereby suppressing the formation of dislocation barriers and
effectively mitigating DPF.
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A comparative study on the microstructures and mechanical properties of hot-rolled

Incoloy 825 and Inconel 625 clad plates
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Effect of heat treatment and HIP-URQ on the microstructure and tensile properties of

AISI D2 high carbon tool steel fabricated by metal material extrusion

Min-Su Jeon, So-Yeon Park. Michelle Baek!, Mathias Englund?, Kee-Ahn Lee"
Inha University, Incheon 22212, Korea
!Marktorged, Seongnam-si 13201, Republic of Korea
“Quintus Technologies South Korea, Seoul 04537, Republic of Korea

ABSTRACT

Metal Material Extrusion (MEX) is a sintering-based additive manufacturing
process that is more suitable for fabricating materials with high thermal gradients or
high reflectivity than processes employing high—energy heat sources, such as lasers
or arcs. In this study, the microstructures and tensile properties of AISI D2
high-carbon tool steel fabricated by the MEX process were investigated before and
after heat treatment. In addition, hot isostatic pressing combined with uniform rapid
quenching (HIP-URQ) was proposed as a post-processing route to simultaneously
improve mechanical properties while maintaining the microstructural uniformity
achieved through the MEX process. Uniform Rapid Quenching (URQ) is an emerging
technology that enables rapid cooling through uniform gas quenching following the
HIP process, thereby maximizing microstructural refinement compared with
conventional HIP. AISI D2 tool steel specimens fabricated by MEX were subjected to
HIP-URQ treatment at the austenitizing temperature, hereafter referred to as HU,
followed by standard heat treatment (HT). For comparison, the as-built specimen
(AB) was subjected to conventional heat treatment involving austenitization and oil
quenching (AQ-HT). Microstructural observations revealed that the AB specimen

exhibited a porosity of 2.293% owing to defects such as air gaps and pores, and
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consisted of uniformly distributed M-Cs carbides within a ferritic matrix. After HU
treatment, these defects were substantially reduced, resulting in a marked decrease in
porosity to 0.061%. The matrix phase also transformed into martensite with a small
amount of austenite. After heat treatment, both the AQ-HT and HU-HT specimens
consisted of martensite and M-Cs carbides, although differences were observed in
the size and distribution of the constituent phases. The measured hardness values
were 231.20 HV for AB, 649.24 HV for AQ-HT, and 70576 HV for HU-HT,
demonstrating that the application of UH effectively improved hardness. Tensile
testing of the heat-treated specimens showed tensile strengths of 235257 MPa for
HU-HT and 2089.15 MPa for AQ-HT, with corresponding elongations of 2.37% and
1.21%, respectively. Thus, the application of HU-HT nearly doubled the elongation
and increased the tensile strength by 12.61%6. Based on these results, an effective
strategy  for improving the microstructure and mechanical properties of
MEX-fabricated components through the application of the HIP-URQ process was
discussed.

Fig. 1. XCT image of MEX D2 (a)AQ-HT and (b)HU-HT specimens

Fig. 2. Microstructural characteristics of the Kelvin lattices: (a) SEM-BSE image in
the stress-relieved condition and (bl - b3) TEM analyses after heat treatment.
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Overcoming the strength—-thermal expansion trade-off by synergistic interplay of

precipitation and grain refinement hardening in Super—Invar alloy

Seok-Hwan Hong!, I-JunRo?, Chang-Gon Jeong!, Sang-Ho Oh®, Yongsuk Jeong!,
Se-Ho Kim? Yoon-Uk Heo!, Byeong-Joo Lee® and Dong-Woo Suh® *

IGraduate Institute of Ferrous & Eco-materials Technology, Pohang University of
Science and Technology, 77, Cheongam-ro, Pohang-si, 37673, Republic of Korea

’Department of Materials Science & Engineering, Korea University, 145,
Anam-ro, Seoul, 02841, Republic of Korea
SDepartment of Materials Science and Engineering, Pohang University of
Science and Technology, 77, Cheongam-ro, Pohang-si, 37673, Republic of Korea

ABSTRACT

This study aims to enhance the strength of a Ti- and Al-containing Super-Invar
alloy (Fe-39.2Ni-3.54C0-1.02Ti-1.22A1, in wt.2%) through multiple strengthening
mechanisms via warm rolling. Following solution treatment, conventional aging at 650
°C for 10 h (A650) and warm rolling at 650 °C with 60% reduction (WR650) were
evaluated. Both routes induced needle-shaped y-Nis(Ti,Al)cellular precipitates along
grain boundaries via discontinuous precipitation (DP) and coherent nanoscale spherical
¥y within grain interiors via continuous precipitation (CP). Warm rolling successfully
refined the grain thickness along the normal direction to 19 um and increased

dislocation density. Consequently, the WR650 specimen achieved an exceptional yield
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strength of 794 MPa (compared to 612 MPa for A650 and 291 MPa for the
as—annealed state) while maintaining a low coefficient of thermal expansion (CTE) of
3.64 ppm/°C. Quantitative analysis revealed that the independent consideration of
strengthening mechanisms significantly underestimates the vyield strength. This
discrepancy is resolved by a unique synergy where cellular DP precipitates at grain
boundaries act as highly effective barriers to slip transfer, drastically increasing the
Hall-Petch coefficient (ky,) from 87 to 972 MPa * umY?. This framework provides a
promising pathway for balancing high strength and low CTE in Super-Invar alloys.
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Texture— and Grain-Size-Dependent Martensitic Transformation and

Twinning Behavior of LPBF SS304L at Cryogenic Temperature

Kwangtae Son!, Seong-June Youn'?, Young-Sang Na'*, Young-Kyun Kim"*
"Extreme Material Institute, Korea Institute of Materials Science (KIMS),
Changwon 51508, Republic of Korea
“Department of Advanced Future Convergence Materials, Korea University,
Seoul 02841, Republic of Korea

ABSTRACT

Achieving a simultaneous gain in strength and ductility in additively manufactured
metastable alloys hinges on how phase stability and processing defects interact, and
this coupling becomes decisive at cryogenic temperatures. Here, laser powder bed
fused (LPBF) SS304L specimens with distinct crystallographic textures and grain
sizes were tensile-tested at 298 K and 77 K to trace strain-induced martensitic
transformation (SIMT) kinetics and the resulting fracture behavior. Grain refinement
accelerated SIMT, and the accompanying work hardening became so localized within
the gauge that macroscopic failure migrated to the specimen shoulder. Coarse grains
alone were not sufficient to avoid this: only when a strong a-fiber texture was
present was SIMT suppressed enough to retain plastic stability and keep fracture
inside the gauge at 77 K, whereas a Goss—dominated coarse-grained specimen
underwent rapid SIMT and a high twinning rate, losing cryogenic elongation and
again failing at the shoulder. Fractography revealed that the role of processing defects
1s itself temperature-dependent — oxide inclusions nucleated microvoids for ductile
coalescence at 298 K, but once the matrix was stiffened by a = -martensite at 77 K

the same inclusions acted as critical stress concentrators. The cryogenic integrity of
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LPBF SS304L is therefore governed by a competition between texture—controlled

phase stability and the inclusion sensitivity of the hardened matrix.
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Combined Effect of Al and Ti Additions on Precipitation Behavior and Impact
Toughness of High—-Hardness Boron Steels

Bvoungchul Hwang"™, Min-Seop Jeong!, Seng-Ho Yu?, Seong-Ung Koh?

"Department of Materials Science and Engineering, Seoul National University of
Science and Technology (SEOULTECH), 232 Gongneung-ro, Nowon-gu, Seoul 01811,
Republic of Korea
’POSCO Technical Research Laboratories, 6261 Donghaean-ro, Nam-gu, Pohang-si,
Gyeongsangbuk—do 37859, Republic of Korea

ABSTRACT

In thick steel plates requiring sufficient hardenability, boron is one of the most
effective microalloying elements because solute boron segregates to austenite grain
boundaries and suppresses ferrite nucleation. However, nitrogen readily reacts with
boron to form BN, reducing the amount of solute boron available for grain boundary
segregation and thereby deteriorating hardenability. To suppress BN formation, Al and
Ti are commonly added to preferentially fix nitrogen. Owing to their different
thermodynamic affinities for nitrogen and precipitation behaviors, Al and Ti lead to
distinct partitioning behaviors of nitrogen and boron. Therefore, understanding the
combined effects of Al and Ti on the partitioning behavior of nitrogen and boron is
essential for optimizing the hardenability and impact toughness of boron steels. In this
study, tempered martensitic boron steels with different Al and Ti contents were
systematically investigated. Thermodynamic calculations together with SEM, EBSD,
TEM, and Nano-SIMS analysis were employed to characterize the precipitation
behavior and microstructure and to track how nitrogen and boron partitioned among

these phases, whereas Vickers hardness and Charpy impact tests were conducted to
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evaluate the corresponding mechanical properties. Thermodynamic calculations
predicted that Ti(CN) preferentially precipitated prior to BN formation, whereas
increasing the Al content promoted AIN and boride formation. Consistent with the
thermodynamic predictions, SEM and TEM analyses confirmed the formation of
coarse Ti(C,N)/(TiNb)(C,N) precipitates together with fine Ti(C,N), AIN, and NbC
precipitates. Although all steels exhibited similar martensitic microstructures, prior
austenite grain sizes, and hardness, the effect of Ti addition on impact toughness
depended strongly on the Al content. In the Low Al steels, Ti addition improved
impact toughness by suppressing BN formation, thereby increasing the amount of
solute boron available for grain boundary segregation. In contrast, the High Al steels
already exhibited sufficient nitrogen fixation by Al, and additional Ti promoted boride
formation, which reduced the amount of grain boundary segregated boron and
consequently deteriorated the impact toughness. These findings demonstrate that the
interaction between Al and Ti governs how nitrogen and boron partition through
precipitation behavior rather than changes in the martensitic microstructure, thereby
determining the impact toughness of boron steels and providing guidelines for

optimizing alloy design.
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Fig. 1 (a) SEM images and EDS point analysis of coarse M(C,N) precipitates.
(b) STEM image and EDS elemental maps of a complex precipitate consisting
of Ti(C,N), AIN, and NbC in the High Al_Low Ti steel. (¢) Equilibrium phase
fraction calculations showing the precipitation behavior of Ti(C,N),
(TiNb)(C,N), AIN, BN, MsB,, and M:B.
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Enhanced Hydrogen Embrittlement Resistance and Bendability of 2.0 GPa
Ultra-High-Strength Hot Stamping Steel via Mn-Band Suppression and

Microstructural Homogenization

Byung-Gil Yoo, Jewoosoo Kim, Seokmin Hwang
Hyundai Steel R&D Center

ABSTRACT

To meet the demanding requirements for automotive lightweighting and enhanced
structural crash safety, a novel 2.0 GPa—grade ultra—high-strength hot stamping steel
was successfully developed through the combined suppression of Mn banding,
reduction of Mn alloy content, and precise Nb - Mo microalloying.

By controlling the hot-rolling coiling temperature (CT) below the pearlite-formation
regime, Mn segregation was effectively minimized, leading to an extremely
homogeneous martensitic microstructure after hot stamping. Grain refinement achieved
through this process reduced the concentration of reversible hydrogen at
microstructural traps and hindered hydrogen accumulation. This significantly
suppressed embrittlement at prior austenite grain boundaries (PAGBs), markedly
mitigating overall hydrogen embrittlement (HE) susceptibility.

Mechanical property evaluations revealed that the low-CT processing route improved
V-bending performance—a key metric for anti-intrusion crash performance—by 31%.
Fractographic analysis confirmed a fundamental shift in the failure mechanism from
premature brittle intergranular fracture to a energy-absorbing ductile fracture mode.
Step-load test evaluations further corroborated the enhanced HE resistance, with the

low-CT material significantly outperforming conventional 1.5 GPa hot stamping steels.
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Notably, additional performance gains in hydrogen resistance and toughness were
realized following simulated paint-bake tempering, attributed to favorable
micro-carbide precipitation dynamics during the thermal cycle.

To elucidate the fundamental mechanisms governing these improvements, the
nanoindentation indentation size effect (ISE) was systematically evaluated. The ISE
analysis  established critical correlations between localized  microstructural
homogenization, carbide precipitation dynamics, and the intrinsic plastic deformation
response of the martensitic matrix during severe bending and impact deformation.
Overall, these findings demonstrate that achieving extreme microstructural uniformity
through targeted process optimization 1s paramount to securing both superior
mechanical crashworthiness and environmental reliability in next-generation

ultra-high-strength automotive steels.
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Effects of weld metal composition on the microstructure, mechanical properties, and

hydrogen embrittlement in GMA welds of 1.5 GPa grade martensitic steel for

automobile

Jeong-Hun Kim!, Joonoh Moon'? Gyuyeol Bae®

"Department of Materials Convergence and System Engineering, Changwon National

University, Changwon, 51140, Republic of Korea

’Department of Materials Science and Metallurgy, Changwon National University,

Changwon, 51140, Republic of Korea

Steel Solution Research Lab., Technical Research Lab., POSCO, Songdo, 21998,

Republic of Korea

ABSTRACT

Since the materials experience an extreme thermal cycle during welding process,

the welds have microstructures and properties completely different from the base

metal. Therefore, research on the characteristics of welded joints is essential to

ensure the integrity of structures. Recently, the use of advanced high-strength steels

(AHSSs) in automobile has continuously increased to reduce weight of vehicle and

improve passenger safety. Due to the addition of high amounts of alloying elements,

the welds of AHSSs generally exhibit inferior properties compared to the base metal.

In this study, the effects of weld metal composition on the microstructure,

mechanical properties, and hydrogen embrittlement in the welds of 15 GPa grade
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martensitic steel were investigated. For this purpose, we prepared gas metal arc
(GMA) welds of martensitic steel containing different Ni, Nb, and Ti contents. The
weld microstructures were characterized by scanning electron microscopy (SEM),
electron backscattered diffraction (EBSD), transmission electron microscopy (TEM),
and atom probe tomography (APT) analyses. The mechanical properties of the welds
were evaluated by micro-tensile tests. Conventional high Ni weld exhibited a higher
fraction of martensite with a lower fraction of retained austenite due to its high
hardenability, resulting in the highest strength but the lowest ductility. Nb addition
instead of Ni made the weld microstructure finer and increased the fraction of
retained austenite, achieving the best combination of strength and ductility. A sole
addition of Ti without increasing Nb content in the weld increased grain size by
promoting the formation of acicular ferrite at high temperature, finally decreasing the
strength and ductility. Finally, the resistance to hydrogen embrittlement was evaluated
by in-situ slow strain rate tests (in-situ SSRT), and the results showed that Nb
addition enhanced the resistance to hydrogen embrittlement by the precipitation of

nano-sized MX particles and the grain refinement.
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Effects of Zr addition on the microstructure and mechanical properties in the welds of

advanced reduced activation alloy for fusion reactor
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ABSTRACT
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Enhanced fatigue properties of Al-Cu dissimilar lap joints via laser beam wobbling

Je In Lee!, Seong Min Yun!, Chae Eun You!, Yong Kim®
1 Schools of Materials Science and Engineering, Pusan National University

2 Al&Mechanical System Center, Institute for Advanced Engineering

ABSTRACT

When manufacturing battery packs for Electrical Vehicles (EVs), dissimilar
joints between aluminum tab and copper tab are essential to connect each Li-ion
cells. Laser welding is one of the effective processes for battery pack manufacturing
due to the high accuracy and high speed of process. However, when laser welding
aluminum and copper, the formation of brittle intermetallic compounds (IMCs), such
as ©, n and Yy, significantly degrades the mechanical properties of the joints. As these
joints undergo continuous cyclic stresses during driving, improving fatigue properties
are required for the long-term reliability of EVs.

In this research, we investigated the effect of laser beam wobbling on the
microstructure and the mechanical properties of dissimilar welds. Laser wobble
welding was performed with different wobbling amplitude (a, a=0, 0.1, 0.4 and 0.5
mm) and the specimens were named a0, al, a0.4 and ab after their amplitude . The
microstructure and the distribution of IMCs were observed with scanning electron
microscope (SEM) coupled with energy dispersive X-ray spectroscopy (EDS). The
distribution of Cu atoms was characterized with electron probe micro analyzer
(EPMA). To analyzed the fatigue properties, load controlled tension-tension fatigue
tests were performed with a frequency of 10 HZ and a stress ration of R=0.1.

The microstructure analysis revealed that increasing the wobbling amplitude
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effectively suppressed the formation of IMCs. In the a0 and al, a thick layer of
IMCs, composed of O, n and vy, formed at the center of the welds. However,
increasing the wobbling amplitude significantly suppressed the upward flow of the
molten copper, which resulted in reduced formation of IMCs in aluminum fusion zone.
Also, the Cu rich IMCs were formed at Cu fusion line.

The fatigue life and strength of the welds were evaluated via S-N curves,
which indicated that increasing the wobbling amplitude led to a substantial
improvement in fatigue performance. a0 showed shorter fatigue life due to the Cu rich
IMCs in Al fusion zone. However, as the formation of IMCs was reduced in a4, the
welds fractured at Cu base metal which resulted in longer fatigue life. In a0, the
fracture site shifted from Al fusion zone to Cu fusion zone as the fatigue load
decreased. In contrast, in a4, the sample fractured at Cu base metal regardless of

fatigue load. (figure 2)

figure 1. Electron Prove Micro-Analyzer results of the Al-Cu dissimilar laser welds
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figure 2. S-N curves for the Al-Cu laser lap joints
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Prediction of Weld Properties and Welding Solutions for Giga-Grade Steels
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Mechanical Properties and Bonding Strength of Dissimilar Metallic Materials

Kwang Seok LEE

Materials Processing Research Division, Korea Institute of Materials Science

ABSTRACT

o
ofN
altl
Apx
X
2
2
w
28
S,
)
=
=
9
&
£
8
Q
T
=.
=N
P
|
il
)
[
¥
Apx
[
Q
o
=
9
35
rlo
2,

B9 B8 54 a0 A= AAW 35 249 o A F

£2 aFsE Foude 59 87 AL F5e40] A8 BIE FHEA % 24

A) 2l B AT D A Agol AN Yk oI FAS FHS AxT u),

4o Aoy, A, a3 kA WEe] Sold 5 AAA olf Hrel B ¥ (ol

bonding) el 713 del HgHTh o|FFEH AEAIL ATEE Y B oF 7

& AAe B4, 4P dEel AW WE FEA, ol & vy 34 2 mE
2

A 9 AW mAzs Wi BrE

A7Y ARFAATER A

AzgA 9 FFANF] HupE )
=

2o 2 ojd g (annealing)

_58_



t Cu-Zn

-

°

T A AMEZTES ol &

EHTE

a

&
Ay

| S

Proc. of the 40th Conference on Advanced Structural Materials
A

Busan Korea, 3 -4 Sep 2026
The Korean Institute of Metals and Materials

M%ﬂﬁwuﬂﬂarﬂﬂmxm@yliﬂ%#%
no B e S T o 'O

g S e R AT S 38T T
S [0} N o X \Llﬂ_AlL‘Ul‘l‘I,l ﬁgm_uX]L_r\l

) Q ) ~ 0 E_ 0 o T W | ~q ‘UJ ~ N ;OL LS =

7 g mR gy Ty X BRO g B

n 9 .. iy 3 o A r _ o

— % Hf%u%%i%ﬂﬂ_/%._lv, R

5 Mook = R o WA ' xR

8 ” o 2w o g P og R

S S A I i - RN BGOSR I

= = B T opn B oo o 1P R e R - Y Ni

o 5 = R~ R A A

R = o M NN T _H vﬁ mnmw_ i_u X vl A T .ILr _z_o E.E DN el

g T g T " o~ o © g = " on K OB B S

» = S ﬂwlw_.nmuﬂlz_/nuaﬂ N — Z.E

S g S e K | o Ho ! " N

m @ 5 © o ﬁoﬂwmuuowmlﬁ]n.a X < -

o g S M = W+ o MO &I DNT &g ®d

I B = N LT o X P KB AR T gl

+ .8 3 2 FEMEYT Qs g TR LW

B G g 8 S " Rl rin No gs 3 © T S oy o o ol 1|
iz 2 T = o = ~ O < ! N o 3

®E 235 o3 Tgalm =5 #®S o 89 %o

—_ - —_—

g 25 HE G Naw? gRZoPEaC gl g X

A_Enawd S & o< P - HTN® %ﬂE%_@aﬂPéi%ﬂm

sRe UF 38 E MomniFec’l IR ET gl

N_%m c < B B N mﬂ%ﬂﬂC%%iM%,oﬁeﬂWMﬂoaaAﬂ

R == mm o @%aﬁﬂooﬂoﬂ7o_mr_%mnmﬁ%sozon%i,

Te &% = PueeZeosraocdPagr® VIR
o] =] T o BX il )
el S © Q &Oﬁzx_x_ﬁAE Sj_ﬁl ﬂHJ; —

T & g %Mm@qﬁcﬂq@%ﬁauﬁmlgmﬁ_ﬁm@égo

o = g 2 L A T BN S -
o g = X Z. o = No o0 =5 mm AR =T N

S g 2 = R EE ST oy LN Eéwu% ﬂn:u_uT

03 = & E,A&rd_ﬂ %ﬁuNermluTm.].x %_Emﬁﬂ

< 32 7 a2 MWK o o b ™ F KW AT Ao o

= &)} 2 ™ 70 X = Mo BE U o < B T <0 {Jy &

& o Q Ll T = Moo ST W oge ® o g

2 WA T SR oK N N

mo al} W_I R N ,w_ M- _WL o EK %o Jlo oy Nro E_ o7 = T K

2 4 Pl n® T Re RN g P ey e o X

R = = - g of B~ i i

S C X <D D= xR BTN

= ) Htﬂ%&ooﬁhi‘_ﬁuﬁ.}ﬁ o o2 w = -

g ks AR %}W%ﬁﬁ7ﬂ7ﬁbﬁ%ﬁ%d

D] > . N B- o5 — = T ﬂ_AI

A BT o T T oy

4r o MO A RO e R OBEL W T O ol 5

e e W & & 7T Mo o WN W e R

_59_

o= 7lg¥



Proc. of the 40th Conference on Advanced Structural Materials
Busan Korea, 3 -4 Sep 2026
The Korean Institute of Metals and Materials

Zone-dependent hardening behavior of electron beam welded XM-19 after 1 dpa
proton irradiation
Daehyun Kim's, Sunghee Han', Bokyu Kim', Junhee Han', Minseong Kang', Su Bin
Yun', Hyung-Ha Jin? Jungho Shin'
'Department of Advanced Materials and Biochemical Engineering, Kangwon National
University, Gangneung, 25457, Republic of Korea
Materials Safety Technology Research Division, Korea Atomic Energy Research
Institute (KAERI), Daejeon, 34057, Republic of Korea

ABSTRACT

XM-19 austenitic stainless steel combines high strength and high-temperature
corrosion resistance with good post-irradiation ductility and radiation resistance,
making it attractive for small modular reactor (SMR) structures. Electron beam
welding (EBW), widely used for thick reactor internals, imposes a steep weld thermal
history that produces microstructural heterogeneity across the joint and may alter the
local irradiation response. In this study, an EBW XM-19 joint was irradiated with 2.0
MeV protons at 360 °C as an accelerated emulation of reactor-relevant damage, and
the zone-dependent irradiation hardening of the fusion zone (FZ), coarse-grained HAZ
(CG-HAZ), fine-grained HAZ (FG-HAZ), and base metal (BM) was quantified by
depth-resolved TD nanoindentation with Nix - Gao indentation size effect (ISE)
correction. Stopping and Range of Ions in Matter (SRIM) calculation, cross—sectional
electron channeling contrast imaging (ECCI), and nanoindentation consistently
identified a damaged layer extending to approximately 19.8 pm, and the stable
nominal 1 dpa + 0.2 (0.8 -1.2 dpa) window at 6 - 13.5 um was adopted as the primary

comparison basis. At nominal 1 dpa, the self-referenced hardening increment was
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1.14, 1.01, 1.00, and 0.72 GPa for BM, FZ, FG-HAZ, and CG-HAZ, respectively after
normalization by the unirradiated hardness of each zone, CG-HAZ showed the lowest
and FZ and FG-HAZ the highest irradiation-hardening sensitivity. When referenced to
the unirradiated BM, the weld zones were initially softer than the base metal and
hardened non-uniformly after irradiation, and the cross-weld hardness heterogeneity
(Hmax — Hmin) widened from 0.69 to 098 GPa, indicating that irradiation may
amplify rather than relax the weld-induced heterogeneity. These results suggest that
the post-irradiation weakest zone would be a more appropriate basis for assessing
EBW joints in SMR applications, and direct characterization of the underlying

irradiation—induced defects would be required to clarify the governing mechanism.
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Fig. 1. Proton-irradiation damage-depth validation and selection of the nominal 1 dpa
analysis window. (a) SRIM-derived depth-dpa profile with the nominal 1 dpa + 0.2 (0.8-1.2 dpa):

(b) ISE-corrected depth-resolved nanoindentation hardness profiles of FZ, CG-HAZ, FG-HAZ, and
BM along the irradiation-depth direction.
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Fig. 2. Zone-dependent irradiation hardening at nominal 1 dpa measured. (a) Hardness of
each zone at 0 dpa and nominal 1 dpa; (b) cross-weld hardness heterogeneity, defined as Hmax —

Hmin across all zones, before irradiation and at nominal 1 dpa, showing the widening from 0.69 to
0.98 GPa.
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Effect of Microstructure on Fatigue Crack Propagation Resistance
in a CoCrFeMnNi High-Entropy Alloy

Yunji Park!, Sangeun Park? Hyokyung Sung'

"Kookmin University, “Doosan Enerbility

ABSTRACT

In this study, rolling and subsequent recrystallization were employed to enhance
the fatigue crack propagation resistance of a CoCrFeMnNi high-entropy alloy. The
recrystallized conditions achieved substantially higher fatigue crack propagation
thresholds, whereas the deformation-dominated specimens displayed a strong
dependence on loading orientation. DIC measurements combined with crack-tip EBSD
characterization demonstrated that recrystallization delays the onset of strain
localization and facilitates more homogeneously distributed deformation ahead of the
crack tip. Crack-path analysis confirmed that near—threshold resistance cannot be
accounted for by apparent crack tortuosity alone; instead, it is controlled by the
density of crack-boundary intersections, the local response at each interaction, and the
geometry of these intersections. TEM observations further revealed that crack-tip
deformation became concentrated along a crystallographically defined twin boundary,
suggesting that twin boundaries serve as localized interaction sites rather than
universal obstacles to crack advance. The superior resistance of the optimally
recrystallized condition is therefore attributed to a favorable microstructure combining

a low-dislocation—density matrix with an effective network of boundary interactions.
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Efficient Alloy Design Using AlloyAgents: A Hypothesis—Driven Multi-Agent LLM

Framework

Hoang Hai Nam Nguyen'?, Sehyeok Oh?, Young-Hee Cho', Ho Won Lee'**
'Korea Institute of Materials Science, Changwon, 51508, Republic of Korea

2University of Science and Technology, Daejeon, 34113, Republic of Korea

ABSTRACT

Alloy development is fundamentally limited by physical experimentation: every
candidate must be cast and characterized before its properties can be verified.
Although optimization methods reduce the number of required experiments, they treat
each candidate as a feature vector and leave no record of the scientific reasoning
behind the search. We present AlloyAgents, a multi—agent framework built on large
language models (LLMs) that makes this reasoning explicit and testable.
Role-specialized agents collaborate through a shared board of mechanistic hypotheses
generated by the system itself. Every hypothesis is required to be falsifiable and is
paired with a machine-readable criterion for its own refutation. At each round, the
highest-priority hypotheses are compiled into an acquisition policy that guides the
next experiment. A deterministic scorer ranks candidate alloys using the available
evidence, a fixed evidential rule—not an LLM —settles or refutes each hypothesis, and
a dedicated Skeptic agent challenges every settlement before it is accepted.

We evaluated AlloyAgents on a closed oracle of several hundred cast aluminum
alloys with physically measured properties, targeting two stiffness-oriented objectives:
Young’s modulus and specific modulus. AlloyAgents consistently identified qualifying

alloys faster than a carefully tuned Bayesian optimization baseline, discovering its
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first specification-satisfying alloy with its very first selection. Every selected alloy
was accompanied by a property prediction committed before measurement, achieving
useful predictive accuracy, while most refuted hypotheses were independently
confirmed by the complete dataset. These advantages remained consistent across
multiple LLM backbones. Taken together, these results demonstrate that AlloyAgents
not only accelerates alloy discovery with fewer experiments, but also transforms
materials optimization from a black-box search into an explicit, hypothesis—-driven
process of scientific discovery, in which every experimental decision is traceable,

falsifiable, and reproducible.
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Figure 1. Overview of the AlloyAgents framework. Four LLM agents and a
laboratory oracle interact through a shared hypothesis board: the PI creates and
prioritizes claims, the DoE agent converts the leading claim into a predicted
experimental batch, the Analyst returns measurements to the board as evidence, and
the Skeptic challenges every claim that is eligible to be settled. The framework
returns a portfolio of qualifying alloys together with the fully tested board.
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Composition Design of Nb-Based Refractory Alloys through Solid—-Solution

Strengthening and Interstitial Control

Kwang-Hyeok Lim!, Muhammad Salman Johry', Wi-Geol Seo®, Sang-Min Lee!,
Shi-Hoon Choi’, and Jin-Yoo Suh!*
"Hydrogen Energy Materials Research Center, Korea Institute of Science and
Technology, Seoul 02792, Republic of Korea
’Department of Advanced Components and Materials Engineering, Sunchun National

University, Sunchoeon 57922, Republic of Korea

ABSTRACT

Nb-based refractory alloys have attracted considerable attention as potential
structural materials for extreme-temperature applications because of their high melting
temperature, relatively low density, and excellent solid-solution strengthening
capability. However, designing Nb alloys with both high strength and sufficient
ductility remains challenging due to the combined effects of substitutional alloying

elements and interstitial impurities, particularly oxygen.

In this study, Nb-rich alloys containing various alloying elements were systematically
designed and experimentally evaluated to establish practical guidelines for composition
optimization. Candidate alloys were fabricated by vacuum arc melting, followed by
cold rolling and recrystallization heat treatment at temperature higher than 1000 °C.
Heat treatments under ultra—high vacuum and mechanical pump-level vacuum were

employed to control interstitial oxygen uptake while maintaining identical alloy
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compositions.

Mechanical properties were characterized using Vickers hardness, tensile testing, ONH
analysis, and EBSD observations. The experimental results demonstrate that atomic
size mismatch is an effective parameter for selecting promising alloy compositions
with a favorable balance between strength and ductility. Several newly designed
alloys exhibited yield strengths exceeding those of commercial Nb-based reference
alloys while maintaining comparable or superior elongation. Furthermore, controlled
oxygen uptake during heat treatment produced measurable interstitial strengthening,

whereas appropriate alloy design successfully suppressed excessive embrittlement.

Based on these results, several candidate Nb-based alloys with improved mechanical
performance were identified. The present work demonstrates that simultaneous control
of substitutional alloying and interstitial elements provides a practical strategy for
developing next-generation refractory alloys for high-temperature structural

applications.
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Structural heterogeneity—dependent corrosion behavior in amorphous CuZrTi thin films

Seonyeong Yang'*, Hoe-Yeon Jeong? Ju-Young Kim'?

'Graduate School of Semiconductor Materials and Devices, UNIST (Ulsan National
Institute of Science and Technology), Ulsan 44919, Republic of Korea
’Department of Materials Science and Engineering, UNIST (Ulsan National Institute of
Science and Technology), Ulsan 44919, Republic of Korea

ABSTRACT

Metallic glasses have attracted considerable attention for structural applications
owing to their unique combination of high strength, large elastic limit, and excellent
corrosion resistance. Among them, the Cu-Zr-Ti system exhibits a high
glass—forming ability and excellent electro-chemical stability owing to atomic size
mismatch among its constituent elements. However, despite the absence of crystalline
defects and long-range structural order, metallic glasses contain intrinsic nanoscale
spatial heterogeneity arising from variations in local atomic packing density and
structural stability. Such heterogeneity has been identified as a key structural feature
governing the mechanical response, relaxation dynamics, and deformation behavior of
metallic glasses. However, a lack of understanding remains regarding the influence of
nanoscale structural heterogeneity on the corrosion behavior, including pitting
corrosion in Cu-Zr-Ti metallic glasses. In this study, the structural heterogeneity of
amorphous Cu-Zr-Ti thin films was quantitatively characterized using
amplitude-modulation atomic force microscopy (AM-AFM). Statistical phase-angle
distribution analysis and correlation function fitting were employed to evaluate
characteristic parameters associated with nanoscale heterogeneity. The influence of

structural heterogeneity was subsequently investigated by comparing the as-deposited
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and annealed states.
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A Monte Carlo simulation for the microstructural evolution of the thin metallic film

during deposition

Jihye Lee!, Sukbin Lee!?

'Graduate school of Semiconductor Materials and Devices Engineering
“Department of Materials Science and Engineering
Ulsan National Institute of Science and Technology (UNIST), 50 UNIST-gil,
Eonyang—eup, Ulju—gun, Ulsan, Korea

ABSTRACT

The evolution of the microstructure during the deposition of the metallic thin film
1s predicted using a Monte Carlo Potts model. This model incorporates two primary
dynamic mechanisms for microstructural evolution: 1) spin exchange, which mimics
the mutual diffusion between matter and void, and 2) spin flip, which simulates the
grain growth. The detailed explanation on the proposed Potts model, including the
realization of the deposition process, is presented. Using the model, one can make
reliable predictions on the microstructural evolution during a thin film deposition as a
function of process parameters. The key processing parameters we focus on here are
the deposition rate of the monomers on the substrate, the temperature of the system,
and the Kkinetic energy of the monomers on being deposited. The influence of
processing parameters on microstructural evolution is summarized as follows: 1) the
increase in deposition rate leads to the reduction in grain size; 2) as the substrate
temperature is elevated, the average grain size increases; 3) the higher kinetic energy

the monomer has on deposition, the more columnar the grain morphology becomes.
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The resultant microstructural characteristics obtained from the proposed model are
found to be analogous to those predicted by the structure zone model. It is also found
that thin film microstructure is formed through the competition between deposition
and diffusion, allowing for understanding thin film microstructural evolution and

growth Kkinetics.
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Mechanical Reliability of Next—-Generation Ru Interconnects for Semiconductor

Applications

Da Young Lee, Jae Min Lim, So-Yeon Lee**, Young-Chang Joolng
"Department of Materials Science and Engineering, Seoul National University, Korea

’Department of Materials Science and Engineering, Inha University, Korea

ABSTRACT

Sustaining performance improvements in semiconductor systems increasingly requires
innovations in interconnect materials. As Cu linewidths approach the electron mean
free path, enhanced surface and grain-boundary scattering causes a pronounced
increase in resistivity. The resulting resistance crossover at sub—20-nm pitches has
motivated the adoption of alternative metals with more favorable nanoscale transport
characteristics, among which Ru is considered a leading candidate.

While the reliability of conventional Al and Cu interconnects has been discussed
primarily in terms of current- and temperature-driven atomic transport, the
introduction of nanoscale Ru interconnects raises additional concerns related to stress
evolution and interfacial fracture. The high elastic modulus of Ru can strongly
influence the mechanical driving force for interfacial failure. Conventional adhesion
characterization methods provide quantitative measurements of interfacial fracture
resistance but cannot fully represent failure in nanoscale patterned interconnects,
where linewidth, thickness, confinement, and processing history affect the local stress
state.

This study discusses the mechanical reliability of Ru metallization, with particular
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emphasis on the relationships among interconnect geometry, size—dependent Ru
behavior, stress evolution, and interfacial fracture. The results highlight the need for a
mechanics—based framework that connects thin—film-scale adhesion measurements

with failure behavior in future nanoscale Ru interconnect structures.
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Orientation-Dependent Electron-Beam-Induced Plasticity in Single-Crystalline ZnO
Micropillars

Eunsu Lee!,Ryosuke Kinoshita? Minsik Opl .Yan Li?, Atsutomo Nakamura? In-Suk
Choi
I Department of Materials Science and Engineering, Seoul National University,

08826 Seoul, Republic of Korea
’Department of Mechanical Science and Bioengineering, The University of Osaka,
Toyonaka, Osaka, Japan

ABSTRACT

Ceramic materials generally exhibit limited plastic deformation at room temperature
because of their strong ionic and covalent bonding and the high resistance to defect
motion. Recent in-situ electron microscopy studies have shown that electron—-beam
irradiation can modify the mechanical response of oxide ceramics without significant
thermal effects or permanent irradiation damage. While such effects have been
reported in silica-based oxides through mechanisms such as viscoplastic deformation
and mechanically assisted amorphization, it remains important to clarify how
electron-beam irradiation influences dislocation-mediated plasticity in crystalline

oxides.

In this study, we investigate the electron-beam effect on room-temperature plastic
deformation in single-crystalline ZnO, with particular emphasis on crystallographic
orientation dependence. ZnO has a wurtzite crystal structure and exhibits highly
anisotropic plasticity because the activation of basal, prismatic, and pyramidal slip
systems depends strongly on loading orientation. To examine how electron-beam
irradiation affects slip activation, ZnO micropillars with different crystallographic
orientations were fabricated and compressed using an in-situ SEM picoindenter under

controlled beam conditions.
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This study examines the possibility that the effect of electron-beam irradiation on
plastic deformation in single-crystalline ZnO may vary with crystallographic orientation.
By comparing the yielding behavior, flow response, and post-deformation morphology
under different loading orientations, we explore whether the degree of the electron-beam
effect could be associated with the activated slip system rather than with a uniform
softening mechanism.

These findings extend the concept of electron-beam-assisted ceramic plasticity to
orientation-dependent dislocation activity in ZnO. They also highlight the importance of
considering electron-beam-sample interactions in in-situ indentation and micropillar
compression experiments, while suggesting a possible route for probing and controlling
slip-system-dependent plasticity in small-scale oxide ceramics.
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Indentation-Based Identification of the Bauschinger Effect
Using a Physics—Guided FE - CNN Framework

Minwoo Park®, Deunbom Chung®, Seungwoo Kim?
Myoung-Gyu Lee?, Fusahito Yoshida®, and Heung Nam Han®t
a Department of Materials Science and Engineering, Seoul National University, Seoul
08826, Republic of Korea
b Hiroshima University, Higashihiroshima 739-0006, Japan

ABSTRACT

The Bauschinger effect, the reduction in yield stress upon load reversal, is
conventionally characterized by the tension-compression test (TCT), which is
impractical for thin sheets, weldments, or locally deformed regions. We propose a
physics—guided FE-CNN framework that identifies the key Kkinematic hardening
parameters of the Yoshida-Uemori (Y-U) model (C, R, b) from the load-depth
(P-h) curves and directional surface profiles of spherical indentation on pre-strained
specimens. The directional asymmetry of the surface profile encodes the developed
back-stress as the identification signal. Extended to all six Y-U parameters, the
framework reproduced the experimental TCT for three steels (SNT355M, SUS304, and
SPC980Y) with high accuracy, enabling the local assessment of the Bauschinger effect
from surface indentation.

1. Introduction

Indentation offers a easy-to—perform alternative for local characterization; here we
propose a physics—guided FE - CNN framework that identifies the Y - U kinematic
hardening parameters from the P -4 curve and directional surface profiles of spherical
indentation, using the directional asymmetry that encodes the pre-strain-induced

back-stress as the physical basis for identification.
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2. Methodology

Specimens pre-strained to 0-16% were indented with a 250 pum-radius tungsten
carbide sphere, and the longitudinal and transverse surface profiles were measured by
laser confocal microscopy. An FE indentation database (Abaqus/Explicit with a Y -U
VUMAT,; 1,024 sets for the three-parameter and 2,048 for the six—parameter
identification) was used to train a dual-branch CNN that processes the P -#A curve
and the directional profiles in parallel, with Gaussian noise augmentation.
3. Results & discussion

Pre-strain raised the P-h curve and produced a directional asymmetry Az that
grows with the developed back-stress. A sensitivity analysis showed that the three
parameters leave distinct, position-dependent fingerprints: € dominates the
sub-indenter P -4 response, whereas (Fy:; b is recorded most strongly in the
asymmetry profile (p?> = 098 at 2% pre-strain). Three-parameter identification was
robust to the pre-strain combination (R> > 099). The six-parameter extension
reached a mean R? of 0.957, and the cyclic responses of SNT355M, SUS304, and
SPCI980Y reconstructed from indentation agreed well with the experimental TCT
curves, including the Bauschinger transient.
4. Conclusion

A physics—guided FE - CNN framework identifies the Bauschinger effect from
spherical indentation. Exploiting the directional asymmetry of the surface profile
together with the P -h curve, it stably identifies the Y - U parameters and, validated
on three steels, enables the local assessment of the Bauschinger effect without

compression testing.
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Fig. 45. Overview of the physics—guided FE - CNN framework, from FE-generated

indentation responses of pre-strained specimens and physics—guided input selection to

dual-branch CNN identification of the Y - U parameters reproducing the experimental

cvclic response.
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Microstructure dependent post-yield stress—drop behavior of Ti-6Al-4V Octet-truss

lattice structure

Da-Eun Cha!*, Min Woo Park®, Jun Yeong Park!, Chan Hyeok Jeon', Muhammad
Ishtiaq!, Jee Hyuk Ahn®, Jong-hyoung Kim* Heung Nam Han? Kyeongjae Jeong®,
Sung-Gyu Kang!

!Gyeongsang National University
’Seoul National University
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“Pukyong National University

*Sungkyunkwan University
ABSTRACT

Understanding how geometry and microstructure affect post-yield stress—drop
behavior 1s essential for improving the compressive deformation stability of
Ti-6Al-4V  octet-truss lattice structures. Although octet-truss lattices are
stretch-dominated structures, abrupt stress drops can occur during compression due
to strut buckling and fracture. This behavior can be exacerbated in Ti-6Al-4V
lattices fabricated by laser powder bed fusion (LPBF), as rapid cooling produces a
brittle a ' martensitic microstructure. In this study, the lattice structures were
heat-treated to transform the a ~ martensite into a more ductile a+B microstructure,

thereby improving their deformation stability. Ti-6Al-4V octet-truss lattices with
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strut diameters of 0.4, 0.5, and 0.6 mm were fabricated by LPBF and subsequently
heat—treated at 900 °C for 10, 30, 60, and 120 min. The as—built specimens exhibited
a fine a’ martensitic microstructure, whereas the heat-treated specimens exhibited a
coarsened a+[3 microstructure with increased lath thickness and B-phase fraction. The
node regions also exhibited thicker laths than the strut regions because of greater
heat accumulation during the LPBF process. Compression tests revealed that all
specimens exhibited post-yield stress drops. Increasing the strut diameter enhanced
buckling resistance, promoted more uniform axial deformation, and improved plateau
stability. Importantly, heat treatment suppressed localized collapse and mitigated
abrupt stress drops, particularly in the specimens with strut diameters of 0.5 and 0.6
mm. These results demonstrate that the compressive deformation behavior of
LPBF-fabricated Ti-6Al-4V octet-truss lattices i1s governed by the combined effects

of geometry and microstructure.
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Figure 1. (a) Photographs of LPBF-fabricated Ti-6Al1-4V octet-truss lattice specimens
with strut diameters of 0.4, 0.5, and 0.6 mm. (b) EBSD inverse pole figure (IPF) and
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treatment at 900 °C for 10, 30, 60, and 120 min. (¢) Compressive stress - strain curves
as a function of strut diameter and heat-treatment condition. (d) Yield strength,
densification strain, and strain difference (Ae) extracted from the corresponding stress

- strain curves.

_83_



Proc. of the 40th Conference on Advanced Structural Materials
Busan Korea, 3 -4 Sep 2026
The Korean Institute of Metals and Materials

4

e

==

o

7| s 2Ad Y=

o

24

#4
SEELEREEL S

Email: ryuilll@snu.ac.kr

Defect Dynamics Modeling for Nanomechanics: Bridging Discrete Defects and

Multiscale Mechanical Response

Il Ryu

Department of Materials Science and Engineering, Seoul National University

ABSTRACT (11 point, Bold, Center alignment)

Understanding how individual crystalline defects collectively govern the mechanical
behavior of materials is a fundamental challenge in nanomechanics. This talk presents
a defect dynamics modeling (DDM) framework that concurrently couples discrete
dislocation dynamics with the finite element method to bridge defect—scale
mechanisms and continuum mechanical response across multiple length scales. By
explicitly resolving dislocation nucleation, motion, and interactions under realistic
boundary conditions, the framework provides physically interpretable predictions of
deformation, strengthening, and failure in crystalline materials.

Applications of the proposed framework include size-dependent plasticity in
small-scale structures, precipitation strengthening, irradiation-modified deformation in
oxide crystals, and defect-controlled damage evolution. These studies demonstrate
how dislocation interactions with precipitates, interfaces, and evolving defect
structures govern strain hardening, localization, and mechanical reliability. To further
extend the applicability of large-scale simulations, physics—-informed machine learning
surrogate models are developed to reproduce discrete dislocation dynamics with
substantially improved computational efficiency while preserving the underlying
stochastic deformation characteristics.

The presented framework establishes a unified computational platform for multiscale
nanomechanics by connecting atomistic mechanisms, mesoscale defect evolution, and

macroscopic constitutive behavior. It provides new insights into structure - property
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relationships and offers a predictive tool for designing advanced structural materials

with enhanced strength, reliability, and damage tolerance.
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A Study on the Mechanical Behavior of Pure Ta Exposed to Hydrogen Environments
at Elevated Temperatures
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ABSTRACT

Pure tantalum (Ta) is a refractory metal widely used in high-temperature and
harsh environments owing to its excellent thermal stability and corrosion resistance.
During elevated-temperature processing, however, it is susceptible to hydrogen
exposure, which can alter 1its mechanical properties and induce hydrogen
embrittlement. Pure Ta is exposed to hydrogen at 10 torr over the temperature range
of 400-1000 °C to investigate the effects of hydrogen exposure at -elevated
temperatures on hydrogen uptake and mechanical response. The Vickers hardness
value of the hydrogen-exposed specimens reaches a maximum at 600 °C, and thermal
desorption spectroscopy (TDS) analysis confirms a correlation between temperature
and hydrogen uptake. X-ray diffraction (XRD) reveals lattice expansion associated

with hydrogen incorporation, while scanning Kelvin probe microscopy (SKPM) shows
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a decrease in surface work function associated with hydrogen dissolution. These
results suggest that the observed hardening is most consistent with predominantly
interstitial hydrogen together with defect-associated retained hydrogen. Tensile testing
further demonstrates that specimens exposed to hydrogen at 600 °C exhibit increased
ultimate tensile strength but reduced ductility, accompanied by brittle fracture
behavior, indicating the occurrence of hydrogen embrittlement. To address the
challenges associated with elevated-temperature processing, friction stir spot welding
(FSSW) is investigated as a solid-state joining approach. Electron backscatter
diffraction (EBSD) analysis reveals that dynamic recrystallization under optimized
processing conditions results in significant grain refinement and enhanced hardness in
the stir zone. These findings demonstrate that FSSW 1is a promising solid-state

joining technique for improving the structural reliability of pure Ta.
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Effect of twin-free bi-texture produced by pre-compression
and annealing on low-cycle fatigsue behavior of AZ31 Mg sheet

Du Hyeon Woo'*, Hyung Jun Kim', Je Hyeong An', Sung Hyuk Park!
'Department of Materials Science and Metallurgical Engineering, Kyungpook
National University, Daegu 41566, Republic of Korea

ABSTRACT

Rolled Mg alloys exhibit pronounced deformation anisotropy because their strong
basal texture aligns the c-axes of most grains approximately parallel to the sheet
normal direction (ND). Consequently, the activation of slip, {10 - 12} twinning, and
detwinning varies considerably with loading direction. Under cyclic loading, such
texture-dependent deformation can produce non-uniform deformation partitioning
among differently oriented grain populations and reduced deformation compatibility at
their interfaces. The resulting local stress and strain concentrations may promote
fatigue-damage accumulation and cause specific microstructural regions to act as
preferential crack—initiation sites. Therefore, clarifying the relationship among
crystallographic texture, deformation-mode partitioning, cyclic stress asymmetry, and
crack initiation 1s essential for improving the fatigue resistance of wrought Mg
sheets. In this study, ttwin—free bi-textured AZ31 Mg sheets were fabricated to
clarify the effect of crystallographic texture on low-cycle fatigue (LCF) behavior. An
as-rolled (AR) sheet was precompressed along the rolling direction (RD) to plastic
strains of 3% and 6% and subsequently annealed at 400 °C for 1 h, producing 3PCA
and 6PCA, respectively. Precompression generated an RD-oriented texture component
through {10-12} extension twinning, while annealing removed residual twin boundaries
while retaining the crystallographic reorientation.

The AR sheet exhibited a strong ND basal texture, whereas 3PCA and 6PCA

developed twin—free bi-textures dominated by ND- and RD-oriented components,
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increasing the compressive-to-tensile yield-strength ratio from 047 to 092 and 1.54,
respectively. Fatigue life increased in the order AR < 3PCA < 6PCA as the half-life
mean stress shifted toward compression, which suppressed crack opening in 6PCA.
Furthermore, the effective energy parameter, Py = AW, + 204(0nx&), which
incorporates the mean-stress effect, provided more accurate fatigue-life predictions

than the conventional total-strain—energy parameter.
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Mechanistic origin of the process—window-dependent zirconia—enabled

columnar-to—equiaxed transition in Inconel 718 during directed energy deposition
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Fig. 1. Analysis of the grain properties of Inconel 718-zirconia deposits through process variables:
(a) 1Z-150.600, (b) 1Z-250.600, (c) IZ-250.1000, (d) 1Z-250.1400, (e) grain size, (f) volume fraction of

equiaxed grains, and (g) maximum pole intensity. Equiaxed grains were formed under specific

process variables.
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Fatigue and Creep—fatigue behavior of Ti-added Reduced Activation
Ferritic-Martensitic (RAFM) steel

C. Kim", D. Choi!, H. Park!, S. Song!, H. Hong? S. Kwon®, C. Lee!™
"Korea Institute of Materials Science
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ABSTRACT

Reduced activation ferritic/martensitic (RAFM) steels are promising candidate
structural materials for fusion reactors. They were developed from conventional 9Cr -
1Mo steels, which exhibit excellent high-temperature strength, creep resistance, and a
low coefficient of thermal expansion. However, alloying elements such as Nb and Mo
in 9Cr - 1Mo steels become highly radioactive after neutron irradiation. Therefore,
these elements were replaced with low—activation elements such as W, Ta, and V to

develop RAFM steels. As a result, RAFM steels retain mechanical properties
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comparable to those of 9Cr - 1Mo steels while providing superior irradiation resistance.
Despite these advantages, a comprehensive understanding of fatigue, creep, and creep
- fatigue behavior is essential before RAFM steels can be applied as structural
materials in fusion reactors. Establishing a reliable mechanical property database is
also required.

In this study, the fatigue and creep - fatigue behaviors of a Ti-added RAFM steel
were Investigated to further improve the mechanical performance of conventional
RAFM steels. To evaluate the effect of Ti addition, the Ti-added alloy was compared
with Eurofer97 steel. Eurofer97 has the same base composition except for Ti and is
currently considered a candidate structural material for the International
Thermonuclear Experimental Reactor (ITER).

After normalizing and tempering, RAFM steels exhibit a tempered martensitic
microstructure similar to that of conventional 9Cr - 1Mo steels. Tempering also
produces Cr-rich Mo3Cg carbides along prior—austenite and martensite lath boundaries,
together with fine intragranular MX precipitates. These precipitates strongly influence
fatigue and creep - fatigue behavior. In the present study, Ti addition was expected to
suppress the coarsening of Ms3Cg carbides while promoting the formation of fine MX
precipitates, thereby improving the mechanical properties.

Fatigue and creep - fatigue tests were conducted at 550 °C, corresponding to the
operating temperature of fusion reactor structural components. Fatigue tests were
performed under total strain amplitudes of 0.4%26, 0.8%, and 1.2%. Creep - fatigue tests
were carried out under total strain amplitudes of 0.8% and 1.2% with a tensile dwell
time of 10 min. The effects of Ti addition were analyzed through SEM, EBSD, and
TEM observations, and the corresponding fatigue and creep - fatigue mechanisms are

discussed.

_94_



Proc. of the 40th Conference on Advanced Structural Materials

Busan Korea, 3 -4 Sep 2026
The Korean Institute of Metals and Materials

Fe-o]2 ZAld] @& RAFM 29 4 Efg % 5 7|AH
A%
A2, FAAL, o]5&!, AFA3 uF P! o FF H &4
AR dTY STARATL, T4 51508
2 pAY ety A 83T, l‘i—i 46241
S WA et 33stF sk, §¢l 17058

WA A2 1 leel626@kims.re.kr (©]%&), choiys@pusan.ac.kr (F&4)

Effects of Fe-ion Irradiation on Hydrogen Trapping and Local Mechanical Behavior of
RAFM Steel
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ABSTRACT
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Reduced activation ferritic - martensitic (RAFM) steel is a leading candidate structural
material for fusion blanket systems operating under simultaneous high-temperature,
neutron irradiation and hydrogen-isotope environments. Although irradiation—-induced
defects, such as vacancy cluster, void, cavity, have been widely reported to enhance
hydrogen trapping, their combined influence on hydrogen trapping and the local
mechanical response of the shallow irradiation layer has not yet been fully clarified.
To characterize the local mechanical response of the irradiation layer,
plastometry-based indentation plastometry (PIP) was employed to evaluate its
stress—strain response and strain—hardening behavior. In this study, RAFM steel was
subjected to Fe-ion irradiation followed by electrochemical hydrogen charging.
Thermal desorption spectroscopy (TDS), PIP, and transmission electron microscopy
(TEM) were used to characterize hydrogen trapping, local mechanical behavior, and
irradiation—induced microstructural changes, respectively. Fe-ion irradiation increased
hydrogen trapping, particularly in the high-temperature desorption region. PIP revealed
irradiation hardening together with reduced strain—-hardening capability after hydrogen
charging. Detailed TEM observations revealed irradiation-induced matrix defects,
including defect clusters, without appreciable changes in precipitate morphology,
suggesting that these defects were primarily responsible for the enhanced hydrogen

trapping and the associated decrease in local mechanical behavior.
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Fig. 1 Hydrogen trapping behavior of RAFM steel before and after Fe-ion irradiation:
(a) TDS desorption profiles showing enhanced high-temperature trapping sites after
irradiation, and (b) cumulative hydrogen contents indicating increased hydrogen

trapping.
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Fig. 2 Local mechanical behavior evaluated by plastometry-based indentation
plastometry (PIP): (a) hardening capacity and (b) true stress-plastic strain curves
before and after Fe-ion irradiation and hydrogen charging.
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ABSTRACT

A damage-tolerant microstructural approach was explored to concurrently improve the
strength and hydrogen embrittlement (HE) resistance of medium-Mn steel. An Fe -
8Mn - 0.2C - 3A1- 0.2V (wt.9%6) alloy was intercritically annealed and subsequently
warm-rolled to form a directional lamellar (DL) structure comprising elongated
tempered martensite (a't) and retained austenite (yr) aligned with the rolling direction.
Its mechanical and hydrogen-related properties were compared with those of steels
possessing interwoven lamellar and nanoscale globular microstructures produced
through conventional processing routes. The DL-structured steel achieved the highest
strength while retaining favorable ductility. This superior mechanical response was
assoclated with microstructural refinement, increased dislocation density, and enhanced
transformation-induced plasticity (TRIP) arising from the high fraction of yr phase.
More importantly, the DL  morphology provided greater resistance to
hydrogen-assisted fracture despite its high strength and pronounced TRIP activity.
Rather than propagating continuously along preferential microstructural paths,
hydrogen-assisted cracks were repeatedly deflected through branching and
delamination  transverse to the principal crack—growth  direction. These
damage-tolerant events impeded crack advance and reduced the effective driving force

for fracture. The elevated dislocation density in yr may also have contributed by
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increasing hydrogen trapping and limiting hydrogen diffusion. The results indicate
that directional control of multiphase morphology offers a promising route for

achieving both high mechanical strength and robust HE resistance in medium-Mn
steels.
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ABSTRACT

High-Si steels are widely used in electromagnetic devices due to their excellent
soft magnetic properties. These properties are influenced not only by the silicon
content but also by the microstructure developed during the thermomechanical
processing. It is well known that a strong ((100)//ND) cube texture is crucial for
enhancing magnetic performance in High-Si steels. However, conventional processing
routes, such as hot/cold rolling, tend to develop dominant y—fiber ((111)//ND) and a
—fiber ((110)//RD) textures, both of which are detrimental to magnetic properties.
Unfortunately, enhancing the cube texture during the thermomechanical process
remains a significant challenge up to date. To achieve such a goal, many studies
have focused on optimizing alloy compositions, casting methods, and/or rolling
directions. Although these methods can promote cube texture formation, their
feasibility for industrial applications remains limited. In this study is explored a
practical strategy for texture optimization through the final annealing process, only.
The effects of heating rate and annealing temperature on recrystallization behavior
and texture evolution in High-Si steel are systematically investigated. Electron

backscatter diffraction (EBSD) analysis is conducted to elucidate the key factors
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governing Y-fiber suppression and cube texture enhancement during recrystallization.
These findings provide practical guidance for optimizing the final annealing process to

improve the magnetic performance of High—-Si steel sheets.
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ABSTRACT

Non-oriented silicon steel is widely used for electric motor cores because it
combines high magnetic flux density, low iron loss, and nearly isotropic magnetic
behavior within the sheet plane. However, energy loss, which is iron loss, occurs
during operation of motor because microstructural features and geometrical constraints
of steel 1impede magnetic domain-wall motion during magnetization and
demagnetization. The iron loss is generally divided into hysteresis loss, classical eddy
current loss, and anomalous loss. One effective approach for reducing eddy current
loss i1s to decrease the sheet thickness, and thin-gauge electrical steels have therefore
attracted considerable attention. However, as the thickness decreases, the relative
contribution of the surface regions to the iron loss becomes more significant. Because
the surface microstructure is strongly influenced by the atmosphere used during final
annealing, clarifying the relationship between surface microstructural evolution and
iron loss is important for optimizing the performance of thin-gauge non-oriented
silicon steel.

In this study, non-oriented silicon steel sheets with surface microstructures were
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produced by controlling the nitrogen to hydrogen ratio during final annealing. The
characteristics of the surface layer, interfacial roughness, and near-surface inclusions
were examined, and their effects on 1iron loss were evaluated. The findings
demonstrate how the final annealing atmosphere governs surface microstructural
development and how these changes affect the iron loss of thin—gauge non-oriented

silicon steel.
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ABSTRACT

Martensitic transformation in metastable austenitic stainless steel was observed
during both anodic electrochemical polishing (AEP) and cathodic hydrogen charging
(CHC). AEP induced surface-limited transformation via charge accumulation, and CHC
led to transformation influenced by Lorentz forces acting on charged hydrogen
species. Experiments, FEM, and DFT analyses revealed that hydrogen cations (H")
generate a larger martensitic driving force as stress than neutral hydrogen (H°) due
to interstitial volumetric expansion and charge imbalance-induced local lattice
distortion. These findings suggest that H" is the primary driver of CHC-induced

martensitic transformation through electro-mechanical coupling.

1. Introduction
Martensitic transformation is a diffusionless change from austenite to martensite,
typically triggered by mechanical, thermal, or chemical stimuli. While mechanical

transformation is well-known, electrochemical mechanisms remain unclear. This study
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examines CHC-induced transformation, focusing on the role of hydrogen’s charge
state (H° vs. H"), using experiments and simulations including Lorentz force-assisted
charging, FEM, and DFT analysis.

2. Experimental Method

The material was a metastable austenitic stainless steel (0.022 wt% C, 10 wt%
Ni, 165 wt% Cr), processed for a fully austenitic microstructure. A magnetic field
was applied perpendicular to the current during CHC (50 mA/cm? 24 h), generating
Lorentz forces that selectively acted on charged species. EBSD confirmed enhanced
martensite in Lorentz-affected regions, implying H' involvement. Hydrogen diffusion
was simulated using FEM with TDS-validated uptake (717 ppm). DFT modeled H*

by removing one electron per H atom, ensuring charge neutrality.

3. Results & discussion

Lorentz—assisted CHC experiments revealed increased martensite in affected areas
(37.5%) versus unaffected ones (22.1%), with deeper hydrogen penetration when the
Lorentz force acted along depth. FEM reproduced this gradient, and DFT showed that
H* induces much greater stress (up to 10 GPa) than H° (1.1 GPa) due to both
interstitial volumetric expansion and local lattice distortion caused by charge
imbalance. When H* exceeded 53%, the stress surpassed the critical transformation
energy, matching the experimentally observed 20-30 pm depth (Figure 1).
Thermodynamic analysis indicated that 53 - 90% of hydrogen exists as H' under

CHC, supporting its dominant role via electro-mechanical coupling.
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Figrue. 1. (a) Stress distribution from DEFT based on hydrogen concentration; (b) Interaction energy vs. depth for
different H" ratios; (c) Gibbs free energy difference between a’ and y at 25 € and -78 T (Thermo-Calc); (d)
EBSD showing martensitic transformation depth after CHC.

4. Conclusion

Hydrogen cations (H) play a key role in CHC-induced martensitic transformation.
Unlike H°, which causes stress through interstitial volumetric expansion effect alone,
H* alters interatomic potentials, further distorting the lattice by charge imbalance.

This dual mechanism leads to higher stress and drives transformation.
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‘Relationship between Grain Boundary Character and Solute Segregation
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ABSTRACT

Solute segregation significantly influences the interfacial strength and fracture
behavior of steels. In martensitic steels, cracks preferentially propagate along prior
austenite grain boundaries (PAGBs) [1, 2], whereas other hierarchical boundaries
(packet, block, sub-block boundary) exhibit a much lower susceptibility to cracking.
Since the amount of solute segregation can be strongly affected by the
crystallographic character and coherency of a boundary [3, 4], different hierarchical
boundaries in martensite are expected to exhibit distinct segregation behaviors. To
clarify the origin of the high cracking susceptibility of PAGBs, it is therefore
necessary to quantitatively evaluate solute segregation at different hierarchical
boundaries and correlate it with their grain boundary character. In this study, solute
segregation at various hierarchical boundaries in martensitic steel was systematically
investigated with particular emphasis on the effect of boundary character on
segregation behavior.

An Fe-0.1C-3Mn (mass%) alloy was austenitized at 1100 °C for 30 min and
water—quenched to obtain a fully martensitic microstructure, followed by tempering at
550 °C for 24 h. Prior austenite grain boundaries, packet boundaries, block/sub-block

boundaries, and lath boundaries were identified using electron backscatter diffraction
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(EBSD). The grain boundary character was further determined by grain boundary
trace analysis using cross—sectional observations prepared by focused ion beam (FIB)
milling. Solute segregation at each boundary was quantitatively analyzed using
three-dimensional atom probe (3DAP) tomography.

Segregation of C and Mn was observed at the martensitic boundaries, and the
amount of segregation was quantified in terms of interfacial excess, I' (atoms nm™?2).
The segregation level increased in the order of V1/V1 lath boundaries < V1/V4 =
V1/V2 < V1/V6 = V1/V17, with packet boundaries and PAGBs exhibiting the
highest segregation levels. This tendency showed good agreement with the calculated
grain boundary energies. Boundaries with higher coherency exhibited lower grain
boundary energies and lower levels of solute segregation, whereas less coherent,
higher-energy boundaries showed enhanced segregation. These results demonstrate
that boundary character plays a critical role in determining the extent of solute
segregation in lath martensite through its influence on grain boundary energy. The
present findings provide a microstructural basis for understanding the pronounced
solute segregation and consequent cracking susceptibility of PAGBs compared with

other hierarchical boundaries in martensitic steels.
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ABSTRACT
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Microstructure-Based Heat-Treatment Design for Controlled Si—Network Evolution
and Precipitation in LPBF AlSi10Mg Alloy

J-Y. Han", J.-H. Kim', H.-U. Hong!, J. Lee?, H. Cho®
"Department of Materials Convergence and System Engineering, Changwon National
University

’Additvie Manufacturing Development Team, Doosan Enerbility
ABSTRACT

Laser powder bed fusion (LPBF) enables the fabrication of geometrically complex
AlSi10Mg components with high material efficiency. Owing to the rapid solidification
and cyclic thermal history inherent to LPBF, the as-built alloy develops a
non—equilibrium microstructure consisting of a fine cellular a—Al matrix surrounded by
a continuous eutectic Si network. This refined structure provides high strength but is
generally accompanied by limited ductility and pronounced microstructural
heterogeneity [1]. Post-heat treatment is therefore required to achieve an improved
strength - ductility balance. Conventional T6 treatment promotes the formation of
strengthening precipitates such as B” and Guinier - Preston (GP) zones. However,
high-temperature solution treatment also causes pronounced fragmentation and
coarsening of the eutectic Si network, resulting in substantial strength loss relative to
the as-built condition [2]. Stress-relief annealing improves ductility but generally
provides insufficient strength. Therefore, a heat-treatment strategy that preserves the
beneficial as—built microstructure  while introducing additional precipitation
strengthening is required. In this study, a microstructure-based heat-treatment
strategy was developed for LPBF AlSi10Mg by separating the roles of annealing and

aging. The as-built alloy was compared with conventionally T6-treated, annealed, and
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modified heat-treated conditions. The T6 treatment produced B~ precipitates and GP
zones but caused extensive disruption and coarsening of the eutectic Si network. In
contrast, annealing partially fragmented the Si network and promoted the formation of
nanoscale Si precipitates, improving ductility and work-hardening capacity at the
expense of strength. Based on these results, a subsequent aging treatment was
introduced to recover the strength lost during annealing while retaining the
beneficially modified Si network. As shown in Fig. 1, the modified heat treatment
produced a complex microstructure comprising a partially disrupted eutectic Si
network, nanoscale Si precipitates, and GP zones. This microstructural combination
suppressed tensile-strength loss while maintaining improved ductility relative to the
as—built condition. Strengthening—mechanism analysis further indicated that the
improved strength retention originated from the combined contributions of the retained
Si network, nanoscale Si precipitates, and GP zones. In addition, stacking faults were
identified in the as-built alloy, and their possible formation during the LPBF process

was considered.
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Fig. 1. Microstructure and mechanical response of LPBF AlSilOMg subjected to the modified heat
treatment: (a) TEM image showing the partially disrupted eutectic Si network, nanoscale Si precipitates,
and GP zones; (b) tensile properties under different heat-treatment conditions; (c) comparison of the
experimentally measured yield strengths with the calculated strengthening contributions; and (d) HRTEM
image showing stacking faults in the as-built alloy.
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Alloy Design for Controlling Discontinuous Plastic Flow at Ultra-low Temperatures

Tae Jin Jang!, Young-Kyun Kim!, Seok Su Sohn? Young-Sang Na!
lExtreme Materials Research Institute, Korea Institute of Materials Science
2Department of Materials Science and Engineering, Korea University

ABSTRACT

This study presents an alloy design strategy that simultaneously enhances
strength and controls discontinuous plastic flow in high-/medium-entropy alloys at
ultra-low temperatures of 4.2 K. Although discontinuous plastic flow near 0 K should
be mitigated to ensure structural reliability, conventional cryogenic alloys often exhibit
complex microstructures and deformation mechanisms, making it difficult to isolate
the role of individual microstructural parameters. To overcome this limitation, the
present work employs systematic alloy design to decouple the effects of individual
microstructural factors. A single-phase medium-entropy alloy with a face—centered
cubic structure and dislocation-dominated deformation behavior was selected as the
model alloy, and its tensile response was systematically compared at room
temperature and liquid helium temperature (4.2 K) for different grain sizes. This
approach revealed that the severity of discontinuous plastic flow is primarily governed
by the dislocation density. With this insight, a precipitation—strengthened high-entropy
alloy was designed by introducing coherent precipitates as a strengthening mechanism
that does not inherently require an increase in dislocation density. The alloy achieves
high strength with sufficient ductility at 4.2 K while exhibiting markedly smaller
stress drops, demonstrating that discontinuous plastic flow can be effectively
mitigated. These findings provide important insights for the design of next-generation

cryogenic alloys with improved mechanical reliability.
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L1, nano-precipitates enable ultrahigh strenegth and mitigate flow instability

at 4.2 K in a medium-entropy alloy

Min Young Sung'’, Tae Jin Jang!, Sang Yoon Song', Chang Gi Lee!, Jun Ho Lee?,
Young-Kyun Kim?, Sang-Ho Oh® Byeong-Joo Lee’, Alireza Zargaran®, Se-Ho Kim!,
Young-Sang Na’, Seok Su Sohn'

"Department of Materials Science and Engineering, Korea University, Seoul, 02841,
Republic of Korea
’Extreme Material Institute, Korea Institute of Materials Science, Changwon, 51508,
Republic of Korea
SDepartment of Materials Science and Engineering, Pohang University of Science and
Technology, Pohang, 37673, Republic of Korea
‘Graduate Institute of Ferrous and Energy Materials Technology, Pohang University
of Science and Technology, Pohang, 37673, Republic of Korea

ABSTRACT

Structural materials for aerospace and hydrogen—energy systems must retain high
strength, ductility, and stable plastic flow under extreme cryogenic conditions.
Although grain refinement, high dislocation densities, and hard second phases can
substantially increase strength, these conventional approaches often intensify strain
localization and discontinuous plastic flow at ultralow temperatures. The resulting

abrupt stress drops can compromise the mechanical reliability of structural
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components operating near liquid-helium temperature.

Here, we develop a precipitation—strengthened CossNigMoi1Al; medium-—entropy
alloy designed to simultaneously enhance strength and suppress plastic-flow
instability at 4.2 K. The alloy-design strategy combines increased lattice friction
through compositional tuning with a high density of coherent L1, nano-precipitates.
At 4.2 K, the optimized alloy exhibits an exceptional tensile strength of approximately
2.1 GPa, a total elongation of 48%, and a markedly reduced stress—drop magnitude of
approximately 99 MPa. Microstructural analyses reveal that the coherent Ll1s
precipitates effectively impede dislocation glide while preserving interfacial
compatibility with the FCC matrix. Their interaction with moving dislocations
promotes the formation of stable Hirth locks and distributes dislocation activity,
thereby limiting the development of severe strain localization and catastrophic
dislocation avalanches.

Cryogenic loading - unloading - reloading tests further reveal a low back-stress
contribution despite the ultrahigh flow strength. This indicates that strengthening
arises predominantly from an increase in effective stress rather than from long-range
internal stresses generated by extensive dislocation pile-ups. The enhanced lattice
friction and coherent L1, nano-precipitates restrict dislocation glide while promoting
spatially distributed dislocation interactions and Hirth-lock formation, thereby
mitigating strain localization and dislocation avalanches. These findings establish a
compelling alloy design strategy that offers a viable pathway toward cryogenic

structural materials with exceptional strength, ductility, and mechanical stability.
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High-strength CrCoNi-based high—-entropy alloy

for the wide temperature range from 4.2 to 1000 K

Chehee Jung'®, Nara Cheong!, Hahun Lee!, Seok Woo Hong!, Jung Gi Kim?
Se-Ho Kim!, Seok Su Sohn!
"Department of Materials Science and Engineering, Korea University, Seoul, 02841,
Republic of Korea
2Department of Materials Science and Engineering and Convergence Technology,

Gyeongsang National University, Jinju, 52828, Republic of Korea

ABSTRACT

The development of structural materials capable of sustaining high mechanical
performance over a wide temperature range is essential for applications involving
aerospace, and energy system. However, achieving high strength from cryogenic to
elevated temperatures remains challenging because the dominant deformation and
strengthening mechanisms vary substantially with temperature. In face—centered—cubic
(FCC) alloys, planar defects such as stacking fault (SF), lock, deformation twins can
effectively enhance strain hardening at cryogenic temperatures., In contrast, dynamic
recovery and thermally activated dislocation motion progressively reduce dislocation
storage at elevated temperatures. Accordingly, a microstructural design capable of
providing effective strengthening across different temperature regimes is required.

In this study, a CrCoNi-based high-entropy alloy was developed through a
dual-precipitates strategy involving two scales of ordered L1, precipitates and Nb-rich
Laves phases. The heat treatment produced coarse and fine L1, precipitates with

distinct morphologies and spatial distributions, together with Laves phases
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preferentially located near grain boundaries. The resulting heterogeneous precipitation
architecture provided multiple length scales for dislocation interactions and enhanced
resistance to plastic deformation over a wide temperature range. In addition, the
coarse and fine L1, precipitates were expected to contribute differently to dislocation
shearing and bypassing, while the grain—-boundary-associated Laves phases provided
additional resistance to localized deformation. This multiscale arrangement therefore
enabled the alloy to maintain effective strengthening even as the dominant carrier of
plasticity changed with temperature.

The present alloy exhibited yield strengths (YS) of 1640, 1501, and 1311 MPa at
4.2, 77, and 298 K, respectively. High strength was retained at elevated temperatures,
with YS of 1233 MPa at 800 K, 118 MPa at 900 K, and 1048 MPa at 1000 K.
Considerable tensile ductility was maintained up to 900 K, whereas the elongation
decreased at 1000 K owing to the increased susceptibility to intergranular fracture.
Despite this reduction in ductility, the present alloy still preserved a YS exceeding 1
GPa at 1000 K, demonstrating its strong resistance to thermal softening.

Transmission electron microscopy (TEM) images revealed a clear transition in the
dominant deformation mechanisms with increasing temperature. At 77 K, extensive
SF, dislocation walls, locking, and deformation twins contributed to sustained strain
hardening. At 900 K, despite enhanced dynamic recovery, the L1, precipitates
continued to impede dislocation motion through shearing and Orowan bypassing, while
the Nb-rich Laves phases acted as strong local barriers. These observations indicate
that the deformation behavior was not governed by a single mechanism over the

wide temperature range, but rather by the temperature-adaptive strengthening.
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Fig. 1. (Left image) TEM images and corresponding elemental maps showing the
dual-precipitate microstructure. (Right image) Engineering stress - strain curves of the

present alloy measured from 4.2 to 1000 K.
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Effects of fabrication methods on hydrogen embrittlement and deformation behavior of
Ti6Al4V alloy at 15 K

Tien-Dung Nguyen*, Taeho Lee, Keun Hyung Lee, Thanh-Dat Nguyen, Dong—Hyun
Lee, Soo Yeol Lee
Department of Materials Science and Engineering, Chungnam National University,
Daejeon, 34134, Republic of Korea

ABSTRACT

Ti6Al4V (Ti64) alloy is widely used in aerospace applications because of its
high strength, toughness, and corrosion resistance. However, ultra—cryogenic
temperatures and hydrogen (H)-rich environments present significant challenges for
aerospace components. This study investigated how fabrication methods affect
hydrogen embrittlement and the deformation behavior of Ti64 at 15 K. Specifically,
Ti64 was fabricated by directed energy deposition, hot rolling, and tungsten inert gas
welding, followed by electrochemical H-charging at room temperature and mechanical
testing at 15 K. Prior to H-charging, the deformation behavior at 15 K was
characterized by mechanical twinning and dislocation slip. The different fabrication
methods produced distinct microstructures, thereby influencing H uptake during
H-charging. Consequently, the amount of TiHs formed varied among the Ti64
samples. Moreover, microstructural characterization revealed that the morphology of
TiH, depended on the local H concentration. The spatial distribution of TiHs and the
presence of solute H resulted in distinct brittle-fracture characteristics. After
H-charging, H/TiH,-assisted cracks significantly reduced the effective load-bearing
cross-sectional area. Finally, the hot-rolled sample exhibited the highest resistance to

hydrogen embrittlement, whereas the other samples showed greater susceptibility to
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hydrogen-assisted cracking due to higher hydrogen uptake and deeper

hydrogen-affected regions.
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A Study on the Cryogenic Twinning-Induced Plasticity (TWIP) Behavior and
Deformation-Fracture Mechanisms in Different Welding Zones of High-Manganese
Steel

Taeho Lee's, Jun-Yun Kang? Soo Yeol Lee!

' Department of Materials Science and Engineering, Chungnam National
University, Daejeon, 34134, Republic of Korea

2 Korea Institute of Materials Science (KIMS), Changwon, 51508, Republic of
Korea

*Corresponding author. Email: sylee2012@cnu.ac.kr

ABSTRACT

As liquid hydrogen emerges as a key renewable energy source for carbon
neutrality, its storage and transportation demand materials capable of withstanding
ultra-low temperatures (< 20 K). In such environments, metals often experience
cryogenic embrittlement, and welding can further degrade mechanical properties. This
study investigates the mechanical behavior and deformation mechanisms of the base
metal (BM), heat-affected zone (HAZ), and welding zone (WZ) of high-manganese
(high-Mn) steel at room and cryogenic temperatures. High-Mn steel exhibits a
twinning-induced plasticity (TWIP) mechanism driven by a stacking fault energy of
20 - 40 mJ/m? To comprehensively evaluate the position-dependent properties of the
welding, we analyzed the initial microstructure, precipitates, and hardness across the
distinct regions. Furthermore, we assessed the mechanical performance at varying

temperatures and conducted detailed fractographic and microstructural analyses on
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dislocation and twin structures to elucidate the governing deformation and fracture

mechanisms of the welded joints.
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Development of Additively Manufactured Burn-Resistant Superalloys for Space

Launch Vehicles

Ho Jin Ryu, Soon-jik Hong, Seungmun Jung
KAIST, 291 Daehak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea
Kongju National University, 1223-24, Cheonan—daero, Seobuk-gu, Cheonan-si,
Chungcheongnam-do 31080, Repulic of Korea
Korea Atomic Energy Research Institute, 111 Daedeok-daero 989beon-—gil,
Yuseong-gu, Daejeon 34057, Republic of Korea

ABSTRACT

The next-generation space launch vehicle will employ a staged-combustion cycle
engine, in which an oxidizer-rich preburner operates above 200 bar of high-pressure
oxygen to drive the turbopump. Under such extreme oxygen environments, metallic
components can ignite and burn at temperatures well below their melting points, so
the preburner and turbopump require heat-resistant alloys with intrinsic burn
resistance. The U.S. Air Force Research Laboratory and Aerojet Rocketdyne
demonstrated additively manufactured preburner components of the low-ignition nickel
superalloy Mondaloy 200™ and SpaceX developed the SX-300/SX-500 alloys with
excellent oxidation resistance up to 800 bar oxygen. However, these alloy
compositions are proprietary and subject to export controls, making independent
development of a domestic alloy indispensable. The target alloy must simultaneously
achieve (1) burn resistance in high-pressure oxygen, (2) additive manufacturability,
and (3) high toughness at elevated temperatures.

Commercial superalloys exhibit a clear trade-off: burn-resistant alloys such as

- 126 -



Haynes 214, MA754, and Monel K500 lack strength, whereas high—strength alloys
such as Inconel 718 and Waspaloy show poor burn resistance. In addition,
precipitation-strengthened superalloys with high Al/Ti contents suffer from
solidification, liquation, and strain—age cracking during additive manufacturing,
together with low creep ductility caused by elemental segregation, porosity, and
residual stress. To overcome these barriers, we are developing an accelerated alloy
design framework. Yield strength is predicted from the y = precipitate volume fraction
and anti-phase boundary energy for CALPHAD-predicted precipitate compositions,
while printability is screened using criteria including a y ~ fraction, a solidification
range, and a strain—age cracking index.

The research encompasses gas—atomization powder production technology for
additive manufacturing aimed at 100 kg-class scale-up, quantitative evaluation of
oxidation resistance in high-pressure oxygen, and construction of an ASTM G124
standard promoted-ignition test facility for comparative ranking of candidate
compositions. Toughening 1s pursued through thermomechanical treatment, hot
1sostatic pressing, and creep testing, in collaboration with KAERI. In preliminary
experiments, a low ignition alloy powder based on newly—-designed compositions (high
Ni, low Al, Cr) was successfully gas—atomized and deposited by directed energy
deposition. This integrated approach 1is expected to provide an indigenous
burn-resistant, printable, and tough superalloy for staged-combustion rocket engines

of future space launch vehicles.
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Enhancement of the Mechanical Properties of IN718-Based Kelvin Lattice Structures
through Plate-Based Design and Post-Heat Treatment

So-Yeon Park. Juhwan Oh, Youngwon Song!, Chanyoung Ko!, Kee-Ahn Lee’
Inha University, Incheon 22212, Korea

!Institute for Aerospace Industry-Academia Collaboration, Incheon 21999, Korea

ABSTRACT

Inconel 718 lattice structures are promising lightweight components because they
combine the high-temperature mechanical and environmental resistance of the alloy
with the high specific strength and energy-absorption capability of cellular
architectures. In this study, Kelvin plate and Kelvin truss lattices were fabricated by
laser powder bed fusion, and the effects of post-heat treatment on their
microstructure, mechanical properties, and deformation behavior were investigated.
Heat treatment reduced the fractions of Laves and & phases and promoted the
formation of fine y ' /y” precipitates of approximately 20 nm, thereby improving the
mechanical performance of both lattice structures. The Kelvin plate lattice exhibited
higher specific strength and specific energy absorption than the Kelvin truss lattice.
After heat treatment, its specific energy absorption reached 24.90 J/g, which was
approximately 1.38, 1.18, and 1.88 times higher than those of the heat-treated truss,
stress-relieved plate, and stress-relieved truss lattices, respectively.

Heat treatment also mitigated the pronounced strain localization observed in the
stress-relieved condition, while the Kelvin plate topology promoted a broader and
more uniform distribution of deformation. The improved mechanical response is
therefore attributed to the combined effects of the load—supporting plate architecture

and precipitation—strengthened microstructure. These results demonstrate that
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coordinated control of lattice topology and microstructure is an effective strategy for
developing lightweight metallic lattices with high specific strength and enhanced
energy-absorption capability.

Fig. 1. CAD models and p—CT reconstructions of the Kelvm lattices: (al, a2) plate
and (bl, b2) truss.

Fig. 2. Microstructural characteristics of the Kelvin lattices: (a) SEM-BSE image in
the stress-relieved condition and (bl - b3) TEM analyses after heat treatment.

(a) )

= 2R 2 [P—
M | Pigte-HT S
n-« B N =
S Pl pae-sR / = X1.60
2 200 Triss-HT ; B e o~
CRI ; 5

@ oo Truss-8R ; g
§ml / : %3" 27.89 2050, X168
2R N £ Fa 17 44
§ 100 [ oo, Sr TR 5 $a
g = [t =
& 50 B 10
w25 2 5

0 - o

' Plate F'Iate Truss
-HT

¢ 10 20 30 40 &0 &0 70 8D
Engineering strain [%)]
Fig. 3. Room—temperature compressive properties of the Kelvin lattices: (a)

engineering stress - strain curves and (b) yield strength-to-weight ratios.
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Evaluation of Microstructural Effects on the High Temperature Creep Behavior of
Inconel 718 and the Applicability of the Omega Method

Yu-Gyeong Kim, Hyeong-Gyu Kim, Hyeon-Su Jang, Hyun-Sun Choi, and Ki-Deuk Min
Materials Testing Center, PILETA Co., Ltd., Republic of Korea

ABSTRACT
Creep tests of Inconel 718 at 621 -900 C were analysed with the Larson-Miller
(LMP) and Omega (Q) methods and SEM. As y” dissolved and § coarsened, n fell
from 15.2 to 4.8; a hyperbolic sine & correlation cut the LOOCV RMSE of log tr
from 0.248 to 0.141.

Keywords: Inconel 718, Creep, Omega method, Larson-Miller parameter, &

phase
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Assessment of Material Degradation Effects on CASS Piping Integrity Based on the
Probabilistic Fracture Mechanics Code PROFAS-PIPE

Dong-Hyun Ahn®, Bong-Sang Lee

Korea Atomic Energy Research Institute Materials Safety Technology Research

Division
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Construction of a Deep Learning Model for Clear Grain Boundary Detection and
Assessment of Training Data Effectiveness

B.0.Kong, S.G.AN, S.M.Seo

ACE ENG Co, Changwon,51392, Korea,
*Korea Institure of Materials Sciennce, Changwon, 51508, Korea

ABSTRACT

Growth direction of single-crystal superalloys is usually measured by SEM-EBSD,
which 1s costly and slow. This study tests whether optical microscopy images alone
can predict the growth direction of single-crystal CMSX-4 specimens, using
EBSD-measured directions (IPF coordinates thetal/theta?) as ground truth. CNN
(EfficientNetB0O/ResNet50, transfer learning) and texture (GLCM/Gabor) features were
regressed with a GroupKFold-XGBoost stacking ensemble. The model reached a mean
3D angular error of about 3 degrees on test images, reproducible across five random

seeds, showing optical images alone can estimate single—crystal growth direction.
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Ultra high-resolution Schottky Field Emission SEM

ultra fast microanalysis FE-SEM SU8700
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RB301 Universal Testing Machine

Stroke Limit
One-touch Stroke Limiter

Crosshead

Maximum rate®; 1,600mm/min
Minimum rate*: 0.0005mm/min

Remote Controller

Crosshead Positioning with Jog Dial
Stress- Strain Curve
Load, Strain, Displacement Display

Scale

Paosition of Crosshead
0.1mm Resolution

BEXCADE 7 Controller

24 bit Controller
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www.randb.co.kr
www.shop.randb.co.kr

Aluminum Profile Case
No Rust, Fancy Design

Alignment Fixture

| 4 Concentricity, 4 Angularity Adjustment
| Certification for ASTM E1012

Load Cell

Force accuracy is less than +0.5% of the
indicated value over the range from 0.4%
of Load Capacity

Emergency Stop Button

Cuts off Power and Stopping Crosshead
Moving at Emergency

)|

(34029) 113-6, Techno jungang-ro, Yuseong-gu, Dagjeon, Korea Tel: 82-42-935-0490 Fax: 82-42-935-0496
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(HEA, FGM, MMC, Bi-metal, ...] {Space, Energy, Heavy Industry, _} on surface

* Providing system customization with optimized features for each industry and customer needs.

Core techneologies developed in-house for industry-optimized & efficient features
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ElectiroPuls®
All Electric Dynamic Test Systems

With more than ten years of running tests over billions of cycles. ElectroPuls systems are the
established materials testing machines using patented linear motor fechnology. With model
capacities up to 20 kM, EleciroPuls systems offer slow-speed stafic testing and high-freguency
dynamic fatigue testing with hundreds of herfz capability.
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