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Minimizing electron beam-induced dehydrogenation of MgH: by
STEM-EELS
o Mohd Azri Azizi Bin Ismail', Yuki Nakagawa?, Tamaki Shibayama?, Norihito Sakaguchi?
Division of Quantum Science and Engineering, 2Faculty of Engineering, Hokkaido

University, Sapporo, Hokkaido, Japan

[ Introduction ] Magnesium hydrides (MgH») can rapidly undergo beam-induced
dehydrogenation due to radiolysis caused by inelastic scattering of the incident electrons.
In a typical TEM, the electron dose is high, and the analysis of the hydrides is usually in
a dehydrogenated state. EELS spectra analysis has shown that the dehydrogenation rate
of MgH: increases with increasing electron density and beam irradiation time indicated
by the plasmon peak [1]. At present, studies on optimizing electron microscopy
parameters to minimize beam damage in MgH> are not available. Here, we investigate
the optimum conditions to reduce beam damage in MgH; using STEM-EELS.

[Method] MgH, powder (> 70.0% purity) was purchased from Wako Pure Chemical
Industries, Ltd., Japan. Fine MgH> powder was prepared in an argon-filled glove box by
hand milling process for 10 minutes and deposited onto a TEM carbon support film grid
(Microgrid, molybdenum, NH-M15). For acquiring the EELS spectra, a STEM (Titan?
G2 60-300) operating at 300 kV was used under different probe current conditions
ranging from 0.1 to 3 pA. The EELS spectra were realized by a Gatan DigitalMicrograph
with an exposure time of 1s under a CCD readout area of 512 X 512 pixels. The EELS
spectra were acquired using a point and area analysis after irradiating the sample for 0 to
10 minutes using the specified conditions. The plasmon peaks in the low-loss region were
fitted using a Lorentz function, and the relative phase fraction of MgH> was determined.

[Results and Discussion] From the EELS spectra,  Total dose: # g Mg, Time: 10 minutes
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dose compared to area. The rate of dehydrogenation E:‘fﬁ:elusfsguro _1;3iisafg’f;t;jniigiizfefgr‘glxil){z
of the MgH> increases with increase total electron dose and vice-versa. The conditions of
0.1 pA with dose rate of 3.9 enms’! using area analysis enables dehydrogenation-free
characterization for MgH> under the electron beam irradiation (Figure 1).

[Reference] [1] A. Surrey, L. Schultz, and B. Rellinghaus, Adv. Struct. Chem. Imag. 2,7 (2016).

This work was supported by research grants for young researchers of the Japanese society of microscopy (FY2025)



Precipitation evolution and strengthening mechanisms in additively
manufactured Co-free high entropy alloys during long-term aging
oHaotian Sun, Hiroshi Oka, Naoyuki Hashimoto
Division of Materials Science and Engineering, Faculty of Engineering, Hokkaido
University

[ Introduction] High entropy alloys (HEAs) are promising materials for advanced
nuclear reactors due to their high strength, thermal stability, and irradiation resistance. In
particular, the Co-free CrosFeMni3Ni13 HEA offers reduced activation and enhanced
stacking fault energy, making it suitable for radiation environments. Additive
manufacturing (AM) techniques such as laser powder bed fusion (LPBF) and electron
beam powder bed fusion (EB-PBF) enable tailored microstructures, but their effects on
long-term thermal stability remain unclear. This study evaluates the microstructural
evolution of LPBF and EB-PBF fabricated CrosFeMni3Nii 3 HEAs after 700 °C aging up
to 6000 h, focusing on dislocation and precipitation behavior.

[Methods] CrosFeMn3Nii3 HEA powders were prepared by gas atomization. Bulk
samples were fabricated via LPBF (EOS M 290) using a laser power of 250 W and a scan
speed of 900 mm/s, yielding an energy density of 63.1 J/mm®. In parallel, EB-PBF
(Arcam A2X) was employed under a beam energy density of 148 J/mm?>. All samples
underwent long-term isothermal aging at 700 °C for up to 6000 h. All aging experiments
were conducted by individually encapsulating the specimens in evacuated quartz tubes.
Microstructural characterization was performed by TEM and EPMA. Room-temperature
tensile tests were conducted at a strain rate of 1 x 107 s,

[Results] After thermal aging at 700 °C for 6000 hours, the LPBFed HEA exhibited
better mechanical properties than the EB-PBFed counterpart. In the LPBFed specimen,
high-density dislocation cell structures promoted the formation of fine Cr-rich BCC
precipitates, which coarsened moderately from 62 nm to 82 nm while maintaining a high
number density (~4.1 x 102* m™). These precipitates contributed to 47% of the total yield
strength. As a result, the LPBFed specimen achieved a yield strength (YS) of 602 MPa,
ultimate tensile strength (UTS) of 926 MPa, and 18% elongation. In contrast, the EB-
PBFed specimen showed lower strength (YS 372 MPa, UTS 605 MPa) due to fewer and
coarser precipitates. These results underscore the advantage of LPBF in tailoring
thermally stable, precipitation-strengthened microstructures for nuclear applications.

[Conclusion] This study demonstrates that AM routes influence the long-term thermal
stability of reduced-activation HEAs. The dislocation structures formed during LPBF
processing played a key role in precipitation behavior, indicating that process-induced
microstructures can be utilized to optimize performance for structural applications in

advanced nuclear environments.



High-Purity Zr;AlC:: Synthesis and Room-Temperature Helium

Irradiation Behavior

oYang Wang'”, N. Hashimoto?, H. Oka?, S. Isobe?

!Graduate School of Engineering, Hokkaido Univ.,
2Faculty of Engineering, Hokkaido Univ.

Owing to their excellent resistance to radiation, high temperatures, and corrosion,
MAX-phase materials are considered promising candidates for nuclear structural
applications. In particular, zirconium (Zr) has a low thermal neutron absorption
cross-section, which makes Zr-based MAX phases especially attractive for nuclear
use. However, Zr3AlC; still suffers from relatively low phase purity (typically below 70
wt%) and its irradiation behavior has not yet been thoroughly investigated.

In this study, ZrsAIC; was synthesized via a combined spark plasma sintering (SPS)
and infiltration sintering route, and compared with samples prepared by
conventional SPS. The combined process significantly improved phase purity,
increasing the Zr3AlC, content from below 70 wt% to over 92 wt%. The resulting
samples were characterized by X-ray diffraction (XRD), scanning electron microscopy
(SEM), and scanning transmission electron microscopy (STEM).

The irradiation behavior of Zr;AlC, at room temperature was examined using 100
keV He* ions. Before irradiation, the sample exhibited the typical layered structure of
MAX phases, where three Zr atomic layers were separated by one Al layer. Upon
irradiation, this ordered structure was destroyed, Zr and Al atoms lost their distinct
layered arrangement, and a nano-twinned structure developed within the crystal.
When the irradiation dose reached 6.5 dpa, surface cracks appeared, predominantly
propagating along the (0001) planes corresponding to the Al layers, indicating
irradiation-induced weakening of the basal planes.

* Corresponding author. E-mail Address; yang.wang.q7@elms.hokudai.ac.jp
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[1] Kamasaki et al. J Cell Biol, 178 (5), 765-771, 2007; [2] Kamasaki et al. J Cell Biol,
202 (1), 25-33,2013; [3] Kamasaki et al. iScience, 24, 102994, 2021; [4] Kamasaki ef al.
Microscopy, 24, 102994, 2022; [5] Sato, Kamasaki et al. #F Y
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Carbon Encapsulation on MOF-derived NiCo Bimetallic
Nanoparticles

oWei Jian Sim, Mai Thanh Nguyen, Tetsu Yonezawa
Division of Materials Science and Engineering, Faculty of Engineering, Hokkaido

University

[ Introduction] Transition-metal nanoparticles (TM-NPs) such as Ni and Co are
promising non-noble electrocatalysts owing to their high activity and low cost. However,
they are easily oxidized, which degrades catalytic stability. Carbon encapsulation offers
an effective strategy to protect TM-NPs from oxidation while maintaining high
conductivity. In this work, we synthesized NiCo bimetallic nanoparticles encapsulated in
nitrogen-doped graphitic carbon derived from metal-organic frameworks (MOFs),
aiming to enhance oxidation resistance and long-term electrochemical performance.

[Experimental] NiCo-MOFs were synthesized by coordinating Co(NO3)2-6H,0 and
Ni(NO3)2:6H20 with 2-methylimidazole and 4,4'-bipyridine at room temperature. The
obtained precursor was sintered at 800 °C under a nitrogen atmosphere for 2 hours to yield
NiCo nanoparticles embedded in a carbon matrix. Morphological and compositional
analyses were conducted using STEM and EDS to confirm particle dispersion, alloying,
and encapsulation quality.

[ Results ] STEM images revealed NiCo nanoparticles (10-20nm) uniformly
dispersed within graphitic carbon layers. Lattice fringes corresponding to the (002) plane
of carbon and homogeneous Ni/Co distribution confirmed alloying and full encapsulation.
Larger unprotected particles showed oxide shells, while encapsulated NiCo cores
remained metallic after air exposure. Cyclic voltammetry over 5000 cycles demonstrated
that NiCo@(C retained about 90% of its initial activity, outperforming Co@C. The results
highlight that MOF-derived N-doped carbon effectively prevents oxidation and enhances
durability.

Figure 1. N-doped carbon encapréulate'd NiCo Bimetallic NP showing clearly a layer of
graphitic carbon encapsulating the NP. EDS mapping confirms the presence of both Ni
and Co in the NP.
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Effect of cold rolling and annealing conditions on microstructure of
diffusion bonded Cro.sFeMn1.3Nii3 / F82H joint

Qingyan Xue'", Naoyuki Hashimoto?, Hiroshi Oka?, Shigehito Isobe?

!Graduate School of Engineering, Hokkaido University, Sapporo, Japan
2Faculty of Engineering, Hokkaido University, Sapporo, Japan

[ Introduction] Nowadays, the demand for high-performance and multifunctional
materials has reached unprecedented levels, particularly in the nuclear energy field. High-
entropy alloy (HEA), Co-free CrogsFeMni3Nii3, offers good irradiation resistance.
However, the application of HEAs in the nuclear industry remains limited due to
incomplete research on the welding processes of HEA joints. Cold rolling (CR), a process
that refines the grain size and introduces dislocations, which improves diffusion behavior
and joints quality. This study focuses on investigating the role of cold rolling in diffusion
behavior in Cro.sFeMn; 3Ni; 3/F82H joints.

CrosFeMn;i 3Nij 3 were arc-melted, homogenized at 1160 °C 24 h, CR 20% and 30%,
followed by stress-relief annealing at 1000°C for either 2 or 4 h. Diffusion bonding with
F82H steel were successfully welded using the Spark Plasma Sintering (SPS) technique
at 800°C. Analysis of microstructures (EPMA, TEM, SEM, EBSD) were conducted for
joints. Mechanical properties were evaluated by SS-3 tensile testing.

CR largely refined the grain size of CrosFeMni3Nij3. CR 20% followed by 2 h
annealing of HEA ingots resluted in refinement of grain size (150.99 um) and increase of
dislocation density (8.18x10'! m). Increasing the CR degree and annealing time to 30%
and 4 h resulted in the finest grain size (106.54 um) and the largest diffusion distance
(25.8 um). This process also yielded the highest UTS (460 MPa) and ductility (~14%)
due to optimized recrystallization, refined grain size. Furthermore, the Cr-rich BCC
precipitate was observed near the interface, the precipitates show a tendency to precipitate

on dislocations. Which indicates that dislocation provides pipe diffusion channel for Cr.
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