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Figure 1 (Color online) Schematic of the Monte Carlo simulation
model.
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Figure 2 (Color online) Monte Carlo white light neutron spectrum
simulation shielding results (shield thickness: 5 mm).
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Table 1 Material components and densities used for Monte Carlo simulations

FE g 5 B 4155 (wt.%) B (g/em’)
B8 A4 (AZ31) Mg-3Al-1Zn 1.8
g A% QAL2) A1—4.3Cu—1.SMg(;.()l.glz/-l(r)lj;)Zlee—O.SSi—O.15Ti— 57
SITU-Mg5 Mg-6Gd-1Al 1.8
SITU-Mg6 Mg-12Gd-0.5Zr 1.8
SITU-Mg7 Mg-3Nd-1.5Gd 1.8
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Figure 3 (Color online) Macroscopic morphology of samples before and after ground-simulated atomic oxygen exposure experiments.

F 2 SITU-Mg5, SITU-Mg6 % SITU-Mg 711 [Hi B¢ i 30028 7] J]l - A R BB B PR AR LI i
Table 2 Mass changes of SJTU-Mg5, SJTU-Mg6 and SITU-Mg7 ground samples after simulated space atomic oxygen exposure

B g SEHHT (2) K JE (2) R AL
SITU-Mg5 Hhffi 0.85557 0.85565 TRFEZL
SITU-Mg6 Hiifi 1.16925 1.16930 PRTE L
SITU-Mg7 Hhfhi 0.93712 0.93720 TRFHZL
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Figure 4 (Color online) Quasi-in situ SEM morphology and EDS energy spectra of SITU-Mg5 sample before and after ground-simulated atomic

oXxygen exposure experiments.
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Figure S (Color online) Quasi-in situ SEM morphology and EDS energy spectra of SJTU-Mg6 sample before and after ground-simulated atomic

oxygen exposure experiments.
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Figure 6 (Color online) Quasi-in situ SEM morphology and EDS energy spectra of SJTU-Mg7 sample before and after ground-simulated atomic

oxygen exposure experiments.
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Figure 7 (Color online) Comparison of macroscopic morphology of SJTU-Mg5-7 samples before and after exposure experiments.
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Figure 8 (Color online) Comparative analysis of surface morphology and oxygen content before and after exposure of sample SJTU-Mg5.
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Figure 9 (Color online) Comparative analysis of surface morphology and oxygen content before and after exposure of sample SJITU-Mg6.
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Figure 10 (Color online) Comparative analysis of surface morphology and oxygen content before and after exposure of sample SJTU-Mg7.
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Progress in the study of radiation-resistant high-strength magnesium
alloys for space station extravehicular exposure

SU Yang, LI YangXin & ZENG XiaoQin

National Engineering Research Center of Light Alloy Net Forming, School of Materials Science and Engineering, Shanghai Jiao Tong University,
Shanghai 200240, China

Structural lightweighting in aerospace engineering yields significant socioeconomic benefits. Magnesium alloys, as the metal
structural material with the lowest density in practical engineering applications, represent an ideal candidate for achieving structural
lightweighting across various aerospace vehicles. The challenging radiation environment in space poses long-term stability demands
on spacecraft materials. Developing high-performance magnesium alloys with superior radiation shielding capabilities and
conducting in-orbit validation of their long-duration service stability not only enhances spacecraft operational lifespan but also
achieves structural weight reduction, presenting an economically efficient solution. This study first investigated the neutron shielding
performance of several radiation-resistant high-strength magnesium alloys using Geant4 Monte Carlo simulations. Concurrently, a
one-year space extravehicular exposure experiment evaluated material performance evolution under comprehensive space
environmental factors. Through scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS)
characterization techniques, comparative analyses were performed on microstructural morphologies and surface oxygen content
variations between space-exposed specimens and ground-based atomic oxygen simulation-exposed specimens. Integrating prior low-
temperature mechanical property testing results, this research systematically examined magnesium alloy applicability in space
environments from two critical dimensions: cryogenic mechanical behavior and atomic oxygen erosion effects. Experimental results
demonstrated that space radiation-shielded magnesium alloys exhibited excellent thermal neutron shielding performance and
maintained exceptional mechanical properties under cryogenic conditions. Post-exposure analysis revealed preserved surface integrity
and negligible oxygen enrichment on both space-returned and ground-simulated specimens after 1-year exposure, confirming the
long-term operational stability and reliability of magnesium alloys as space radiation shielding materials. This investigation provides
critical experimental data and theoretical foundations for engineering applications of magnesium alloys in radiation protective
structures for aerospace vehicles.

magnesium alloy, radiation shielding, cryogenic strengthieng and toughening, atomic oxygen, microstructural
characterization
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