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E06-02
Computational Investigation of Solid State Refrigeration Materials
Hui Wang*
Central South University

Solid-state refrigeration based on barocaloric effect (BCE) holds out promise for environmentally friendly
cooling with high energy-efficiency and downsize scalability, however, their comprehensive refrigeration
performance is notably inferior in comparison to commercial refrigerant due to the lack of scientific guidance for
material discovery and performance improvement. In this talk, we report recent progress on understanding and
improving refrigeration performance in plastic crystals (PC), such as neopentylglycol (NPG), pentaerythritol (PE),
neopentane (PA), etc., which represent a class of disordered molecular solids. We show that the intermolecular
hydrogen bond plays a key role in the orientational order of PC molecules, while its broken due to thermal
perturbation prominently weakens the activation barrier of orientational disorder. It is found that low
concentration of defects and substitution is able to regulate the isothermal entropy, adiabatic temperature, and
thermal hysteresis of PC. Furthermore, phase transition temperature of molecular order to disorder can be tuned
by alloying PA or NPG into PE imbedded in carbon frame, meanwhile demonstrating both giant isothermal
entropy changes DS (~200 J kg-1 K-1) and adiabatic temperature change DT (~18 K) near room temperature. The
large BCE mainly comes from the order— disorder transition of PC molecules imbedded in carbon frame through
analysis of the dynamic process of the composites. Importantly, the thermal conductivity of these compsites is as
high as 10 W m-1 K-1, enabling efficient thermal exchange that is vital for improving cooling performance during
the cyclic refrigeration process. These advances establish relatively complete microscopic mechanism of BCE in
PCs and provides important guidance for the design and improvement of their refrigeration performance for next
generation solid-state refrigeration technologies.
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Machine learning assisted design of bulk metallic glass with optimized strength and plasticity combination
Lanting Zhang*,Ze Liu,Hong Wang
Shanghai Jiao Tong University

It is a long-standing challenge to search for metallic glasses (MGs) with high glass-forming ability (GFA)
and optimized mechanical properties such as fracture strength and plasticity (measured by fracture strain &) in the
huge compositional space. Current MGs are designed with inefficient human-driven intuition-based methods,
leaving them short of optimal solutions. In this study, we trained three machine learning (ML) models: 1) critical
casting diameter (Dmax) as an indicator of the GFA; 2) compressive fracture strength (c.); 3) Poisson ratio (v) as an
indicator of the plastic character, to accelerate the discovery of bulk metallic glasses (BMGs) with optimal
trade-offs in oc and &f, based on more than 1000 experimental observations sourced from more than 100 papers.
The predicted results agree well with the measured values of the three models with correlation coefficient (R)
being 0.85, 0.95 and 0.91 respectively on the unseen data. Three simple but relatively accurate mathematical
expressions for Dmax, oc and v were derived with R = 0.78 (Dmax), 0.91 (o) and 0.81 (v) by symbol regression
(SR) to establish the relationships between chemical compositions and designed properties intuitively. Then, we
used a refined Pareto approach to optimize the strength-plasticity trade-off in the Zr-Cu-Al ternary and
Zr-Cu-Ni-Al quaternary systems. Five compositions were identified and validated by experiment. A
Zrs53Cus6Nis sAls s BMG possesses an optimal combination of strength and ductility with o = 2.190 GPa and &; =
10.2%, which are superior to the reported ones in oc or &f or both in the Zr-Cu-Ni-Al system.
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University of Toronto

Contemporary materials discovery requires intricate sequences of synthesis, fabrication and functional
characterization that often span multiple locations with specialized expertise and instrumentation. In our
collaborative effort of the Material Accelerated Discovery of Novelty Enabled by Synthetic Systems (MADNESS)
campaign, we present a cloud-based solution enabling Al-guided, asynchronous, and delocalized design—make—
test-analyze cycles to integrate these workflows. We applied a building-block strategy for assembling molecular
function enables automated synthesis on geographically distributed yet connected platforms, orchestrated by a
central cloud platform, with the integration of an Al-based experiment planner and an in-line property
characterization module to accelerate the discovery of top-performing organic solid-state laser molecules as
demonstrated by the best ever thin-film device performance. Empowered by asynchronous integration of five
laboratories across the globe, this workflow provides a blueprint for delocalizing — and democratizing — scientific
discovery, in which we are endeavoring a global community of accelerated material discovery and self-driving
laboratories based on the framework of the Acceleration Consortium at the University of Toronto. Collectively, we
aim to accelerate the discovery of materials and molecules needed for a sustainable future, with the power of
artificial intelligence, robotics, and advanced computing—to reduce the time and cost of bringing advanced
materials to market.
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E06-23
WyCryst: Wyckoff Inorganic Crystal Generator Framework
Ruiming Zhu'2,Wei Nong',Shuya Yamazaki',Kedar Hippalgaonkar*!?
1. Nanyang Technological University
2. Institute of Materials Research and Engineering, A*STAR, Singapore 138634

The accelerated discovery of novel functional materials has taken a great step forward due to recent
advancements in generative design strategies. This is particularly true in the realm of inorganic materials, where
learning symmetry for crystal structure prediction (CSP) and subsequent prediction of their target properties are
crucial. Over the past few years, generative models including variational autoencoders (VAE), generative
adversarial networks, transformers, and diffusion models have been developed for this purpose. However, despite
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their success in generating crystal structures, these previous generative design approaches often overlook the
critical aspect of crystal symmetry. This symmetry is essential for predicting properties and stability, as well as for
subsequent validation and synthesis. As a result, the energy relaxation on the generated crystal structures to find
the ground state crystal structure, typically using density functional theory (DFT) often alters the symmetry of the
structure, thereby changing the original design property and invalidating the original generative design approach.
To address this issue, we present our data-driven generative design framework, WyCryst. This framework consists
of three main components: 1) an invertible and symmetry-compliant representation of inorganic crystals based on
Wyckoff positions, 2) a VAE model directed by property, and 3) an automated DFT workflow for structure
refinement and estimation of phonon stability. By implementing loss functions that penalize non-realistic crystal
structures, our model selectively generates materials that adhere to the ground truth of crystal symmetry in the
form of Wyckoff representation for each space group (SG). In leave-one-out validation tests, we successfully
reproduce a variety of existing materials: CaTiO3; (SG No. 62 and 221), CsPbls (SG No. 221), BaTiOs; (SG No.
160), and CulnS; (SG No. 122). These validations encompass both ground state and polymorphic crystal structure
predictions for the desired compositions. In our generation experiments, we predict new binary and ternary
materials not listed in the inorganic materials database (Materials Project), which retain their symmetry and are
proven to be stable by the energy above the convex hull and phonon dispersion obtained using the automated DFT
workflow. Among the predicted crystals, a tetragonal structure, CuszInSes4 is advanced to experimental validation,
with preliminary results confirming its successful synthesis, thereby strengthening the effectiveness of our
methodology. We believe that our symmetry-aware WyCryst framework represents a significant step towards
Al-driven inorganic materials discovery.
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E06-46
Searching Materials Space for Ambient-Pressure Superconducting Hydrides
Yue-Wen Fang*!,lon Errea'>?
1. University of the Basque Country
2. Donostia International Physics Center (DIPC)

The recent report by Dasenbrock-Gammon et al. on the near-ambient superconductivity in N-doped lutetium
hydride (Lu-N-H) [Nature 615, 244-250 (2023)] has gained much attention. Our ab initio study on the potential
parent phases suggests that the Raman spectra can be explained by the phonon dispersions of Fm-3m LuH3, but
this phase can only be stabilized by anharmonicity above 6 GPa and 300 K. Furthermore, the observed color
change in the experiment can be explained by the optical properties of Fm-3m LuH2 [1]. However, neither LuH3
nor LuH2 exhibit superconductivity at 1 GPa.

To find a possible clue of near-ambient superconductivity, we performed high-throughput DFT screening
based on LuH2 and LuH3 with and without the involvement of N at 1 GPa [2]. However, N atoms exhibit a strong
inclination towards covalent bonding with H, and lead to favoring insulating behavior rather than metallic
properties. None high-temperature superconducting compounds are found. Despite the absence of high-Tc
superconductivity at 1 GPa, we find that cubic Lu4H11N exhibits a high Tc of 100 K at 20 GPa. In addition, the
LuH10 and LuH6 become near-room-temperature superconductors above 100 GPa.

While high-temperature superconductivity is predicted to be unattainable in Lu-based hydrides at 1 GPa, we
performed a machine learning assisted search over more than 1 million compounds and predicted a series of
ambient-pressure superconducting hydrides [3,4]. Our ab initio investigation yielded around 50 systems with
transition temperatures surpassing 20 K, and some even reaching above 70 K. These compounds have very
different crystal structures, with different dimensionality, chemical composition, stoichiometry, and arrangement
of the hydrogens. Interestingly, most of these systems displayed slight thermodynamic instability, implying that
their synthesis would require conditions beyond ambient equilibrium. Moreover, we found a consistent chemical
composition in the majority of these systems, which combines alkali or alkali-earth elements with noble metals.

In addition to the high-throughput prediction of Tc based on the density functional theory perturbation theory
(DFPT), we have selected some promising superconducting hydrides for superconducting density functional
theory (SCDFT) calculations. Compared to high-throughput DFPT, we have found the Tc in SCDFT is reduced,
which is due to the enhanced Coulomb interactions in most cases.

Among the predicted compounds, a family of compounds, of composition Mg2XH6 with X=Rh, Ir, Pd, or Pt
are particularly interesting [3,4]. Our ab initio study predict that their superconducting transition temperatures are
in the range of 45-80 K, or even above 100 K with appropriate electron doping of the Pt compound. Our ab initio
molecular dynamics simulations and stochastic self-consistent harmonic approximation calculations further
suggest that these materials are kinetically stable at room temperature and are, therefore, excellent candidates for

experimental synthesis and characterization [4].

[1] B. Dangi ¢, P. Garcia-Goiricelaya, Y.-W. Fang, et al., Phys. Rev. B 108, 064517 (2023).
[2] Y.-W. Fang*, D. Dangi ¢*, and Ion Errea*, Communications Materials 5, 61 (2024)
[3] T. E.T. Cerqueira, A. Sanna,Y.-W. Fang, 1. Errea and M.A.L. Marques, arXiv 2403.13496 (2024).
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[4] A. Sanna, T. F.T. Cerqueira, Y.-W. Fang, 1. Errea, A. Ludwig and M.A.L. Marques, npj Comput Mater 10,
44 (2024)
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AT AR AL 5% 2 >0 DR L RT3 A W R R B (LA 2 SRR T 25 S AR B2 TEN DL RTE , R kAR Y
ANRF 55 [l Y S8 25 TR 1 AR R RE 5 LUK A SRR sURR L RHE S i PR RE 2 TR oG &, FE BT
FN G F A EWERE R A SR 3R, IF EDU M RS A R B AR BE SR . 14N, SHAP {H%%
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A R TGS R, XFF [F— A MRS 4 @i i 5 T 2240, G847 5 1 ReL F1 AKv-20°C
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TP AU MR = KR LT e —, FEMUEHUR . BB TAEGURA R EZ AR . BB HORE K
WA, AR L YEVE B T R MAE AW BT A SRR AR ARG SR A B E N R 57, BRI T
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WA TR B B AR R RAE RS, WAERZ, NNBRESINKEATEIER R, MEM-E TR
L AR R RS AIERE RS HE TR . ARG N TIREETVERCRAR, BERR ™ 5 . N LR R A EE Y
SRR, AR R R DL S TEREDUAL, AR ZI A 5 TR R AT FE v X

AWFFCRA T R SE I & S IR S 10T5E, B aREE AL KAEN A s L4 41
f——AlI for Fiber. Al for Fiber *I5 #4481 75 & H WA MARTHE R R BEFEH] R G, BB MEHL BN 2 >
BoR, ST T ARG B A SAE S T A AR PAAT B S B A 47 (1 P2 AR
FTAT AR SR B IIRIAN AN AL for Fiber Blii i, NJE ST SR AL T J1H B SCRF . Al for Fiber i1 G4
T A EH AR R PR R AR G N IR . AR IR T AR LT AR LR AR, K
DUt 55 28 B A 21 4 T<24 /NI 42 B SIS %%, AROIMBIRTY T 2R i) 25 2R S AERRTE -

WA HOR, TRAIZHE T AE B G2 4Ef % 205 i SR BN TR R, #VRE
LT Y| 2 S H-LEH-TERERE IR AR, ITT ] IS/ 2 34 07 28 25 21 4 MR 2 2 AL 0 22 RUBER OR 3 K
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[1]Ran N., Song E. H., Wang Y. W., et al., Energy Environ. Sci., 2022, 15(5), 2071-2083.
[2] Ran N., Sun B., Qiu W. J., et al., J. Phys. Chem. Lett., 2021, 12(8): 2102-2111.

[3] Ran N., Qiu W. J., Song E. H., et al., Chem. Mater., 2020, 32(3): 1224-1234.

[4] Liu J. H, Ran N.*, Zhou W.*, et al., Angew. Chem. Int. Ed., 2024, ¢202401819.
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B M DRI (B ER ) 1) . ASBIE T T — Ao i Ba s TRAR B GV, i 44 g v U i 8 [ U e o 26
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1. PEIE Tk
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FERPRIRHA U, I8 2 FEAR T AN B R PRSP T A IR R (10 3 30 27 ST S 2 S 1 s
MR ZRAUR I AN PR B AAE T8 S R oA €, T K 2 L a3 S AR08 7 JE L SR (1t
A ENE, JT F AR bootstrap J5IkAF N — M AT R 2 TAHEE R 28000, E/ DAL
38 5 bootstrap J7EXS AN E VE It VAR 22, FL IR AR BETE 70 e B o AT TR DA/ MEA R SR T
bootstrap AN E 115 7525 (14 i 22 2 BEORUS T X6F VEARRE A B A PO ANt kR i il v, R e B T 3 X
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E06-P05
MLMD: a programming-free Al platform to predict and design materials
Jiaxuan Ma*

Shanghai University

Accelerating the discovery of advanced materials is crucial for modern industries, acrospace, biomedicine,

and energy. Nevertheless, only a small fraction of materials are currently under experimental investigation within
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the vast chemical space. Materials scientists are plagued by time-consuming and labor-intensive experiments due

to lacking efficient material discovery strategies. Artificial intelligence (AI) has emerged as a promising
instrument to bridge this gap. Although numerous Al toolkits or platforms for material science have been
developed, they suffer from many shortcomings. These include primarily focusing on material property prediction
and being unfriendly to material scientists lacking programming experience, especially performing poorly with
limited data. Here, we developed MLMD, an Al platform for materials design. It is capable of effectively
discovering novel materials with high-potential advanced properties end-to-end, utilizing model inference,
surrogate optimization, and even working in situations of data scarcity based on active learning. Additionally, it
integrates data analysis, descriptor refactoring, hyper-parameters auto-optimizing, and properties prediction. It
also provides a web-based friendly interface without need programming and can be used anywhere, anytime.
MLMD is dedicated to the integration of material experiment/computation and design, and accelerate the new
material discovery with desired one or multiple properties. It demonstrates the strong power to direct experiments
on various materials (perovskites, steel, high-entropy alloy, etc). MLMD will be an essential tool for materials
scientists and facilitate the advancement of materials informatics.
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baE N TR RERAR KRR KRR, HENRE 5072 R G2 2T H 8800, BRE S 0
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SELIE ZR BB RS R B . TR 16 20 LLMs, $¢ 23 Zero-Shot %% 2] Dhfg, @7 | WHafE JLF- o7
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I GA R R TR 52 SR T4t 7 —Fh T AT iR T & -

FEIXERIHORE 5T, AROOE S B 7 — M R g AL T B AR T 58, JF Hadm 1 8
PREAE . AT T Ay BBAE R THAL 22 A AN, A AL . BRI AR IS S A8, SCILFER A B4k S
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PRE I I S o R AP IR, A R M [FAT P E A 78 S & R I T2 300 MR TG 4R (0SS)
I 2546 NEMSH. EAMUEERA T EIR AR, WIGE TS S AETTE. AT TSR
R, 7E454 Prompt Engineering SRBEIHAT SUARIZIERT, AL KIE 5 R GE00 A SOR A AL UL 22 524k,
FESCHEL TR 80% 1 F1 434, ABIT R R 1 A R BYTE 5 A Y 4l B 7 VA AE R T A 7 S 2 27 L4
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[1] Kononova, O.; He, T., Huo, H., Trewartha, A., Ceder, G. iScience, 2021, 24: 102155.

[2] Wilary, D. M., and Cole J. M. J. Chem. Inf. Model., 2023, 63: 6053-6067.

[3] Wang, W., Jiang, X., Tian, S., Liu, P., Su, Y., et al. npj Comput. Mater., 2023, 9: 183.

[4] Mavracié, J., Court, C. J., Isazawa, T., Elliott, S. R., Cole, J. M. J. Chem. Inf. Model., 2021, 61, 4280—
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[5] Zhang S., Roller S., Goyal N., Artetxe M., Chen M., Chen S., Dewan C., Diab M., Li X,, Lin X. V.,
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2024, 15: 1418.
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1.Bo Liu, et al., Ab initio thermodynamic optimization of Ni-rich Ni-Co-Mn Oxide Cathode Coatings,
Journal of Power Sources, 2020, 450:227693.

2. Bo Liu, et al., High-throughput Computational Screening of Li-containing Fluorides for Battery Cathode
Coatings, ACS Sustainable Chemistry & Engineering, 2020, 8(2):948-957.

3. Bo Liu, et al., Computational insights into the ionic transport mechanism and interfacial stability of the
Li20OHCI solid-state electrolyte, Journal of Materiomics, 2022, 8:59-67.

4. Bo Liu, et al., Insights into the LIMXO4F (M-X=AI-P, Mg-S) as Cathode Coatings for High-performance
Lithium-ion Batteries, ACS Appl. Mater. Interfaces, 2022.
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E06-P14
CrySPR: A Python interface for implementation of crystal structure pre-relaxation and prediction using
machine-learning interatomic potentials
Wei Nong!2,Ruiming Zhu'-* Kedar Hippalgaonkar*'-3
1. Nanyang Technological University
2. Institute of High Performance Computing, A*STAR, Singapore 138632
3. Institute of Materials Research and Engineering, A*STAR, Singapore 138634

Crystal structure prediction (CSP) aims to locate global energy minima or local minima, as well as, critically,
the most stable or metastable structures from a hyperdimensional potential energy surface of a chemical space of
interest. Such task is of great benefit, though computationally intensive, for the discovery of new materials for
functional applications. Conventionally, the local optimization of energy, i.e., structure relaxation, is realized by
high-fidelity, but expensive and time-consuming density functionalh teory (DFT) calculations. Herein, we
developed an open-source package, CrySPR (Crystal Structure Pre-Relaxation and PRediction), which is for
accelerating the CSP implementation. The package employs machine-learning interatomic potentials (ML-IAPs)
in the pre-trained models with sub-DFT accuracy, including M3GNet, CHGNet and MACE, for local energy
minimization. Considering a typical perovskite material, polymorphic calcium titanate (CaTiO3) as an example,
we performed CSP task for space group numbers from 16 to 230 and number of chemical formulae from 1 to 4,
within a half-day’s work on a one-node 48-core server. The prediction successfully identifies the ground-state
crystal structure and metastable polymorphs with various energy above the current convex hull (Enur). The
predicted results include three experimentally observed phases, i.e., i) Pnma (62) with Eng of 0 meV/atom, a
low-temperature (01500 K) phase; ii) /4/mcm (140) with Ena of 16 meV/atom, a mid-temperature (1500-1600 K)
phase; and iii) Pm-3m (221) with Ena of 60 meV/atom, a high-temperature (> 1600 K) phase. Moreover, several
not-yet-explored phases with low Ena are also predicted: (I) two distinct non-perovskite phases formed by
square-pyramid [TiOs] pentahedra and distorted [CaOg] octahedra, and specifically they are, i) Pna2; (33) or
Pnma (62) with Eng of =7 meV/atom, a new below-the-hull phase; ii) Pbem (29) with Engi of 8 meV/atom; (IT)
several trigonal meta-stable perovskite phases with Enwai of ca. 30-60 meV/atom and structurally analogous to
rhombohedral CaTiOs, R-3 (148), which has a slightly lower Epnui. The two non-perovskite phases were further
confirmed to be dynamically stable through additional phonon calculations. We develop this as a packagel®, that
performs computationally lightweight implementation of CSP, and is expected to significantly accelerate the
discovery of inorganic crystal materials.

[alCrySPR is written in Python and the dev version of package is distributed as “cryspr” at the Python
Package Index (PyPI). To get the code simply via ‘pip install cryspr’ or source code at
https://github.com/Tosykie/CrySPR
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E06-P17
Property-oriented machine learning accelerated design of ultra-strength and high-toughness niobium alloys
Zhengiang Xiong*
Xi'an jiaotong university

Abstract: With the rapid development of the aerospace industry, there is a desire to obtain high-performance
new niobium alloys at lower cost, however, the complex coupling between multiple alloying elements will lead to
the strengthening mechanism of niobium alloys becoming more and more ambiguous. The traditional empirical
trial-and-error method is ineffective and costly, which makes it difficult to improve the development efficiency of
high-performance multi-component alloys. Machine learning has been introduced into the materials field because
of its computational efficiency and has been used to study the effects of alloy composition and processing
parameters on properties. In this study, an efficient and high-precision alloy design system was established for
designing high-performance niobium alloys. A database was established by collecting experimental data with
uniform performance evaluation criteria. A model combining the optimization algorithm NSGA-IIl and the
prediction algorithm GWO-ELM was established to design niobium alloys with excellent overall performance
quickly and accurately. Typical alloys designed were used for validation. The results show that the MAPE of the
GWO-ELM model for tensile and yield strengths are 1.80% and 10.76%, respectively, and the validation of the
designed alloys shows that the two designed alloys have a superior overall performance compared to the
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conventional alloys (16.0% and 11.1% improvement, respectively). These results provide a reference for the
design of niobium alloys with multi-targeted properties and offer new ideas for the design of high-performance

alloys.
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E06-P20
PREDICTING SUPERCONDUCTING CRITICAL TEMPERATURE BASED ON MACHINE
LEARNING
Jingzi Zhang*

Harbin Institute of Technology Shenzhen

Integrated machine learning model for exploring potential high-temperature superconducting materials based
on elemental composition. A high-quality superconducting material database containing 13,138 experimental data
points was established through an automated data cleaning framework for superconducting material data. A total
of 277 elemental descriptors were constructed based on the elemental composition attributes of superconducting
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materials, and 115 descriptors were selected using the correlation coefficient method for the construction of
machine learning models. Eleven machine learning regression models were used to predict the critical transition
temperature of superconductors, with outstanding performances achieved by LightGBM (R2 = 0.934, RMSE =
8.112 K), Extra Trees (R2 = 0.930, RMSE = 8.212 K), and Gradient Boosting Decision Trees (R2 = 0.929, RMSE
= 8.303 K). The SHAP (Shapley Additive Explanation) method was employed to analyze the importance and
influence of descriptors in the prediction process of the models. By integrating the three models mentioned above,
an ensemble machine learning regression model was established to predict the critical transition temperature of
superconductors, achieving an improved R2 of 0.959 and RMSE of 6.331 K.
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E06-PO02
Mechanics-Guided Approaches to Solid Electrolyte Interphase (SEI) Optimization
Yao GAO*
Department of Physics, Chinese University of Hong Kong

The inevitable volume expansion of secondary battery anodes during cycling exerts forces on the solid
electrolyte interphase (SEI). Battery performance is closely related to the ability of the SEI to remain intact under
cyclic loading conditions. However, the nanoscale thickness of SEI makes it difficult to fully characterize its
mechanical properties. In this work, we developed a two-step atomic force microscopy (AFM)-based
nanoindentation test that can accurately probe the Young's modulus (E) and elastic strain limit (¢Y) of the SEIL.
Based on these mechanical measurements, we proposed a "maximum elastic deformation energy" (U) metric to
represent the stability of the SEI. This mechanics-guided approach has been successfully demonstrated in studying
the SEI formed on Li/K metal anodes as well as Sn and Sb particle anodes. The SEI often exhibits an
organic-inorganic heterogeneous composite structure, formed from the decomposition of electrolyte components.
We found that the mechanical properties, size, distribution, and interfacial strength of these different phases within
the SEI can significantly impact its stability during battery cycling. Specifically, increasing the inorganic content
of the SEI, by using higher concentrations of carbonate electrolytes, resulted in higher E and lower €Y values.
Integrating the measured mechanical properties into our U metric, we were able to identify an optimal electrolyte
concentration (0.5 M) that maximized the SEI stability. These findings underscore the importance of
mechanics-guided approaches for optimizing SEI design and electrolyte formulation to enable robust,

high-performance battery systems.

E06-PO03
ETHNBLATE R RIRFHRESS
Priefh. FOW. /MR, TR AEG
R

B SRR ATR GO METR (o) VT4 MU HURA A T8 32 %0E, JoHZ Mg-Zn.,

41



T [E AR R 2 2024 B3 Jm ittt SO RL R 2% E06. #4 kL5 A 4]
Mg-Sn M Mg-Al %5 5 T 4T FL A Z AR KT FLIR B 2R GE A SO AT R b 26 2R G0 ) FELAAE B Y JRR B ER K
871 AWIUE SR 7GR 1216 A& e R R MPERERE, IR A BT SN 2 R B (DFT)
TR T BRI R s v PO o AESREAL b, FRATR LG S AR T - B R T
B, ISz R A RS SRR AT T AU B, B SR IE T it A et R SR E
HLPERE. WEFCE REM, NS AR A EE 3 TR B G e M vt 5. AT RO
aavit gt U, toyE SRS REE S RIFT SR TRl S

42



