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Abstract: As the lightest metal structural materials, mag-
nesium (Mg) alloys offer extensive application potential.
Gadolinium (Gd), as the primary alloying element in Mg
alloys and recognized for its notable thermal neutron cap-
ture cross-section, is considered one of the most efficient
neutron absorbers. Thus, the Mg—Gd alloy is highly expected
to emerge as a material with remarkable neutron absorp-
tion capacity. Hence, in this study, the thermal neutron-
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shielding capabilities of Mg—Gd alloys were comprehen-
sively examined by fabricating four as-cast Mg-xGd alloys
with varying compositions (x = 0, 5, 10, and 15 wt%). The
obtained results were further corroborated by sophisticated
modeling and calculations using SuperMC. The results revealed
a direct correlation between the thermal neutron absorption
capacity of the Mg-Gd alloys and the increase in Gd content,
with a noteworthy neutron attenuation factor of 22.33.
Moreover, in an Au ion irradiation experiment conducted
at 200°C, the Mg-15Gd alloy exhibited exceptional radiation
resistance, with a displacement per atom (dpa) of 10. The
matrix and second-phase regions were devoid of any cavity
formation. Instead, a finite number of dislocation rings were
observed, forming both leaf-like and granular Gd-rich nanos-
cale precipitates. This study underscores the versatility of
Mg-Gd alloys as efficient neutron shielding materials and
structural materials tailored for applications demanding radia-
tion resistance in diverse environments.

Keywords: neutron-shielding material, Mg alloy, ion irra-
diation, superMC

1 Introduction

Nuclear energy has immense potential and significance as
a clean and efficient energy source, with its capabilities
extending beyond meeting escalating global energy demands,
as it also contributes to mitigating greenhouse gas emissions
and combating challenges posed by climate change [1]. The
progressive development of nuclear energy has been instru-
mental in driving scientific and technological advancements
and facilitating industrial upgrades, thereby providing critical
support for economic growth and societal progress. However,
with the continuous evolution of nuclear technology, the
requirements for reactor materials have increased [2,3]. Spe-
cifically, concerning shielding materials, thermal neutron
shielding materials are expected to exhibit characteristics
such as low density, high-temperature tolerance, and resis-
tance to aging, as well as the capability to seamlessly integrate
neutron moderation and absorption [4,5].
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Diverse neutron-shielding materials are currently in
use [6]. Boron steel, known for its neutron-weakening func-
tion and excellent mechanical properties, is a commonly
employed shielding material in radiation protection designs
[7]. However, the low solubility of boron in steel poses chal-
lenges, with trace amounts (0.001-0.007%) adversely affecting
the hardenability of steel. High boron content also compro-
mises the ductility and impact resistance of boron steel,
restricting its predominant use in applications such as control
rods and spent fuel storage materials [8,9].

Lead boron polyethylene, while offering neutron
shielding capabilities, exhibits slightly insufficient mechan-
ical structural performance and limited resistance to high
temperatures, radiation, and corrosion. Consequently, they
are primarily used as single functional material [10]. Recent
studies have demonstrated that epoxy resin composites
incorporating B or W exhibit exceptional thermal stability
and long-term radiation resistance at a low cost. As a result,
these composites have extensive applications in radiation
shielding; however, they are unsuitable for use as structural
materials [11,12]. Additionally, the neutron absorption cross-
section of B", a transmutation product of boron after neu-
tron absorption, sharply decreases over time, rendering
materials containing boron less effective in high-dose neu-
tron environments [13]. Concrete, characterized by its adjus-
table composition, cost-effectiveness, and local availability,
is an attractive option for shielding against radiation across
various energy segments. However, ordinary concrete has a
relatively low density (2.2-2.4 g/cm®) and limited strength. To
enhance the mechanical strength of concrete and its neutron
and gamma-ray shielding performance, high-performance
or heavy concrete is often formulated by incorporating
mineral admixtures or natural/artificial functional coarse
aggregates. Despite performance improvements, these for-
mulations result in larger volumes and heavier masses
(density 3.0-6.0 g/cm®) [14,15].

Metal-based materials are an alternative to address
these issues. Tungsten, with its effective moderating effect
on fast neutrons, achieves 93% shielding of fast neutrons
when passing through a 10 cm-thick tungsten plate [16]. As
such, tungsten can be used as a shield against secondary
high-energy gamma rays produced by neutrons and is an
excellent substitute for lead. Some tungsten-containing
metal-matrix composites have shielding efficiencies sev-
eral times higher than that of lead composites [17]. How-
ever, the relatively high cost of tungsten has led to the
development of tungsten alloys containing Ni, Cu, Co, Mo,
and Cr [18]. These alloys, known as high specific gravity
alloys (with tungsten mass fractions ranging from 70 to
99%), offer advantages such as a high specific weight,
high strength, strong ray absorption capacity, substantial
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thermal conductivity, good weldability, and processability.
Other metals, including hafnium, samarium, and cadmium,
have been combined to create neutron and gamma-ray
shielding materials [19-21]. However, owing to issues such
as source scarcity, high costs, significant secondary radia-
tion yield, and toxicity concerns, these materials are seldom
used in practical applications and are gradually being
replaced with alternative materials.

Currently, traditional materials such as water, lead,
and concrete remain prevalent in the realm of reactor radia-
tion protection. However, these materials exhibit notable
limitations and are primarily suited for stationary nuclear
power reactors and accelerators where stringent require-
ments for the weight and volume of shielding materials
are typically absent, and cost is the primary consideration.
Consequently, researchers are focusing on developing new
materials that address these shortcomings by offering high-
temperature resistance, excellent mechanical properties,
environmental friendliness, non-toxicity, and enhanced
neutron absorption capabilities.

The neutron capture cross-section of Mg is widely
acknowledged for its moderating properties, while magne-
sium (Mg) alloys demonstrate exceptional compatibility
with both fuel and coolant materials. It possesses several
advantages such as low induced radioactivity, high thermal
conductivity, and ease of welding. Additionally, it demon-
strated strong adaptability to dimensional changes resulting
from stress variations caused by thermal cycling and irra-
diation. Consequently, the neutron capture cross-section
of Mg is frequently applied in carbon dioxide gas-cooled
reactors and as a shielding material for natural uranium
cladding [22]. The combination of Mg alloys with specific
rare earth elements can have a unique impact on the field
of nuclear energy. Gadolinium (Gd) has a significant thermal
neutron capture cross-section, and the transmutation products of
Gd have a significantly large capture cross-section, making it an
excellent neutron-absorbing material. The transmutation
product of Gd is (5;Gd - 5;Gd — aGd - 5Gd  — 23Gd
- %3Gd - '83Gd) Gd - one of the most effective neutron
absorbent and the main alloying element of Mg alloys
[23-26]. The binary phase diagram of Mg-Gd shows an
eutectic phase with a solubility of 23.5 wt% Gd at the eutectic
temperature of 548°C and 3.8 wt% Gd at 200°C. Mg-Gd-based
alloys tend to form supersaturated solid solutions during
solidification; this new strengthening precipitate readily
forms following heat treatment. Therefore, Mg—Gd alloy
becomes a material with excellent neutron absorption capa-
city. Hence, an innovative rare-earth Mg alloy material for
neutron-shielding was designed, and Gd, an alloying ele-
ment with both effective neutron-shielding and high solid
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solubility, was selected for this study. Theoretically, some
problems caused by the composition design of some current
metal-based materials have been avoided; for example, metal-
based materials with added boron cannot exhibit both high
shielding efficiency and excellent mechanical properties. The
thermal neutron-shielding properties of the prepared metallic
materials were tested using a 252Cf source, with the attenua-
tion ratio of the sample obtained by simulation using SuperMC
Monte Carlo software, which verified the high neutron-
shielding efficiency of the Mg—Gd alloy. The effect of radia-
tion on the microstructural evolution of the Mg—Gd alloy
was further studied using 6 MeV Au ion irradiation to simu-
late neutron irradiation at 473K temperature, with the
radiation resistance of the Mg-Gd alloy evaluated. Cur-
rently, reports on rare-earth Mg alloy radiation-shielding
materials remain limited, thus highlighting the novelty of
this study. The results of this study may provide direction
for future research on multi-rare-earth Mg alloy shielding
materials.

2 Materials and methods

2.1 Materials

Three compositions of binary as-cast Mg—Gd alloys with Gd
contents of 5, 10, and 15% were designed, along with a
control group of pure Mg alloy. The experimental materials
consisted of a pure Mg ingot (99.95%) and a Mg-30Gd
master alloy. Melting was performed in a resistance fur-
nace within a heat-resistant mild steel crucible under a
protective gas environment composed of 99% CO, and 1%
SFs. Subsequently, the molten mixture was poured into a
preheated steel mold at a temperature of 500°C, following
an isothermal holding time of 15 min. The chemical com-
position of the designed alloys was detected by the X-ray
fluorescence spectrometer. The related results are listed in
Table 1. The contents of alloying elements were consisted
with the design.

2.2 Irradiation experiment

Slabs measuring 150 mm x 150 mm x 4 mm were obtained
from the pure Mg, Mg-5Gd, Mg-10Gd, and Mg-15Gd ingots
for conducting neutron shielding performance tests at the
Beijing Research Center for Radiation Application. The
experiment utilized a **Cf neutron source with an emis-
sion rate of 8.2 x 10’ s~ installed within a collimator made
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Table 1: Chemical composition of Mg-xGd

Sample Mg (wt%) Gd (wt%)
Pure Mg 99.71 —
Mg-5Gd 95.31 an
Mg-10Gd 91.09 8.75
Mg-15Gd 84.47 14.12

of polyethylene and featured a collimation aperture dia-
meter of @10 cm. The fast neutrons emitted by the **Cf
source were moderated effectively to form a thermal neu-
tron field. The neutrons were detected using a *He propor-
tional counter.

Irradiation experiments were conducted at the Institute
of Nuclear Science and Technology, Sichuan University,
Chengdu, China, using a 2 x 3 MV tandem accelerator [9].
The dimensions of the samples used for the irradiation were
S5mm x 5mm x 0.5 mm. A focused ion beam (FIB) technique
was employed to prepare cross-sectional transmission elec-
tron microscopy (TEM) specimens for Au-ion irradiation.
The Au-ion irradiation was conducted at a temperature of
200°C, reaching a fluence of approximately 1.25 x 10'® Au/cm?,
with the energy of Au” set at 6 MeV.

2.3 SuperMC (Monte Carlo N particle
transport code)

SuperMC is a software program that employs the Monte
Carlo method to compute the transport phenomena asso-
ciated with neutrons, photons, and electrons within intricate
three-dimensional geometrical structures [27]. Figure 1(a)
illustrates the SuperMC model, which accurately represents
the experimental conditions for evaluating neutron shielding
performance [28]. Figure 1(b) illustrates the neutron source
utilized for both simulation and experimentation. Using a*“Cf
source, neutrons were guided through a collimator with a
cross-sectional diameter of 100 mm to generate a neutron
field. This collimated field was further modified by incorpor-
ating paraffin neutron moderators within the fillings of the
collimation apertures, which induced the formation of a
thermal neutron field. The Mg-xGd sample was placed on
the other side of the collimator to simulate the actual experi-
mental setup. The radiation field was established along the
central axis and positioned 1,580 mm from the radiation
source. A counting sphere was set up on the center axis of
the radiation field, 1,580 mm from the source, with the neu-
tron flux through the counting surface recorded to obtain
information on the neutron flux with and without the added
sample.
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Figure 1: (a) SuperMC model; and (b) neutron sources for simulation.
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2.4 Characterizations

After polishing and etching, the microstructure of the alloy
was examined using optical metallography. Scanning elec-
tron microscopy (SEM) was used to investigate the distribution
and size of the alloys. Tensile testing was conducted at room
temperature (RT) using a standard tensile testing machine
with a strain rate of 1.7 x 10 s* to obtain the yield strength
(YS), tensile strength (UTS), and elongation (FE) of the alloy.
TEM was used to analyze the phase structure and morphology
of the post-irradiation material. Sub-100-nm thin specimens
were prepared using an FIB lift-out technique with an FIB/
SEM instrument. During the TEM sample preparation, thin Pt
layers were deposited to protect against FIB gallium contam-
ination. An aberration-corrected JEOL2100F TEM/STEM oper-
ating at 200 keV was used to characterize the FIB foils through
conventional bright-field and dark-field techniques.

3 Results

3.1 Microstructure

The microstructures of the as-cast Mg—Gd alloys are shown
in Figures 2 and 3. According to existing research, the alloy

100m

Figure 2: OM of Mg alloy: (a) pure Mg, (b) Mg-5Gd, (c) Mg-10Gd, and (d) Mg-15Gd.
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Figure 3: SEM of Mg alloy: (a) Mg-5Gd, (b) Mg-10Gd, and (c) Mg-15Gd.

structure of as-cast Mg-Gd alloys with different Gd content
is primarily composed of a-Mg and eutectic phases (a-Mg +
MgsGd), along with some non-equilibrium solidified Mg;Gd
phases [29,30]. As the Gd content increases, the number
of precipitated MgsGd phases gradually increases, and
the morphology changes. Upon increasing the Gd content
from 5 to 10%, a notable transition in the morphology of
the MgsGd phase was observed, shifting from a granular
structure (Figures 2(b) and 3(a)) to a skeletal morphology
(Figures 2(c) and 3(b)), accompanied by a reduction in
grain size compared to pure Mg. In the context of non-
equilibrium solidification, the Mg-15Gd alloy displayed a
dendritic morphology attributed to Gd segregation in the
as-cast state (Figures 2(d) and 3(c)), with the MgsGd phase
distributed in a discontinuous reticular pattern along the
interdendritic regions. The average grain sizes of Mg-5Gd,
Mg-10Gd, and Mg-15Gd alloys are, respectively, 270, 170,
and 140 pm.

3.2 Mechanical properties

Table 2 presents the YS, UTS, and FE of pure Mg and the as-
cast Mg—Gd alloys at RT. When comparing the Mg-xGd (x =
0, 5, 10, and 15 wt%) alloys, we observe a significant
increase in both YS and UTS as the percentage of Gd in
the alloys increased from 5 to 15%. The Mg-15Gd alloy
exhibited a UTS of 142.2 MPa, a substantial improvement
over the 67.6 MPa of the Mg-5Gd alloy. Similarly, the YS
of the Mg-15Gd alloy matches that of the Mg-5Gd alloy,
both at 91.7 MPa, reflecting a notable increase from the
initial 33.4 MPa in the Mg-5Gd alloy. However, the plasti-
city of the alloys follows a different change rule. Initially,
as the Gd content increased, the elongation decreased from
2.9% for the Mg-5Gd alloy to 1.3% for the Mg-10Gd alloy.
However, with a further increase in the Gd content of
the Mg-15Gd alloy, the elongation partially recovered,
reaching 1.8%.
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3.3 Neutron shielding properties

The neutron shielding efficacy of the alloy was assessed
by the neutron decay ratio, which is defined as the ratio
of Iy to I; I represents the count obtained without any
shielding material, and I represents the count after the
shielding material is introduced. Table 3 presents the
comparative analysis of the experimental and simulation
results. The results obtained under the same conditions
demonstrated remarkable consistency between the neu-
tron decay ratios obtained through experimental observa-
tion and SuperMC simulation. The neutron decay rate
obtained by these two methods was consistent with the
variation trend of the Gd content. Notably, compared
with pure Mg, introducing Gd significantly alters the thermal
neutron attenuation characteristics of the alloy and enhances
its shielding properties.

The deviations between the experimental tests and
simulations were less than 10%, with the thermal neutron
calculation results generally smaller than the experimental
results, attributed to the following reasons: the simulation
calculation was performed under ideal conditions, ignoring
the influence of neutron reflection and scattering in the sur-
rounding environment. In the theoretical calculation model,
the elements in the material are evenly distributed in space.
However, in the as-cast Mg—Gd alloy, the microscopic distri-
bution is not uniform. Specifically, as the thermal neutron
effective absorption element Gd increased, it accumulated
more at the grain boundaries and formed a second phase.

Table 2: Tensile mechanical properties of as-cast alloys

Sample YS (MPa) UTS (MPa) FE (%)
Pure Mg 10.2 65.5 6.1
Mg-5Gd 334 67.6 29
Mg-10Gd 59.3 83.8 13
Mg-15Gd 917 142.2 1.8
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Table 3: Experimental and SuperMC simulated thermal neutron
attenuation ratio

Mg Mg-5Gd Mg-10Gd Mg-15Gd
Experiment 1.03 8.44 12.97 22.33
SuperMC 1.04 7.60 13.48 20.18

This uneven distribution may lead to changes in the shielding
properties of the alloy in different regions.

3.4 Ion irradiation

Figure 4 shows the TEM micrographs near the [011 0] zone
axis of the Mg-15Gd alloy after Au ion irradiation, with
diffraction vectors g = [0002] and g = [2110]. The visibility
of dislocation loops under different diffraction vectors can
be identified via TEM, where Burgers vectors 1/3 (1120) (c +
a) and 1/6 (2023) (c) dislocation loops [31-34], as well as

B=[0110] a_‘

g=10002]
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some small dislocations, are represented by yellow circles,
blue circles, and red dashed lines. The evolution of the
irradiation defects was strongly correlated with the c/a
ratio, solute atoms, and irradiation dose [35,36]. Increasing
the Gd solute concentration promoted the formation of
basal plane defects in the Mg matrix. The solute likely
lowers the stacking fault energy, leading to the formation
of more basal-plane dislocations [37]. However, the origin
of dislocation loops, whether from interstitial atoms or
vacancy evolution, cannot be determined at present.
Figure 5 shows the nanoscale Gd-rich precipitates
induced by irradiation in the Mg matrix and secondary
phases. The precise composition of these precipitates is
listed in Table 4, which suggests that the precipitate could
be the Mgys54Gdyg g phase. An in-depth examination of the
intricate phase relationships between the second phase
and granular precipitates is presented in Figure 6(b). A
superlattice structure is observed in the electron diffrac-
tion pattern, with (111)yg3cq parallel to (111)ygss.96d9.0s and
(220)mgsca parallel to (220)ngas.96a9.0s- Additionally, Figure

B=[0170] [E

B=[0110] (SN
g=[2110] |

Figure 4: TEM micrographs, under different diffraction vectors, near the [0110] zone axis, depicting the microstructure of Mg-15Gd alloy after Au ion
irradiation. (a) Target area within the red box on the FIB sample. (b) Along the [0110] zone axis. () g = [0002]. (d) g = [2110]. Yellow and blue circles
represent (c + a) and (c) dislocation loops; the red dashed line indicates some uncollected point defects.
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6(a) shows the irradiation-induced defects in the second
phase, with a small number of dislocation loops observed
at the edges. These defects were formed along the (001)
plane, demonstrating a distinct regularity.

In the FCC structure, close-packed planes exhibited the
lowest surface energies. Hence, during irradiation, oversa-
turated vacancies preferentially aggregate along the {111}
planes, forming vacancy clusters [38]. When these clusters
attain sufficient size, the unstable crystal planes on both
sides collapse, forming dislocation loops. Concurrently, the
dislocation loops in the matrix may originate from the
aggregation of point defects generated by cascade collisions
during irradiation.

/

200nm

Met intensity (Counts)
Intensity (kCounts)

Position (nm)
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Table 4: EDS of (a) granular phase and (b) leaf-like phase in Figure 4

Phases Mg (at.%) Gd (at.%)
Granular phase 89.73 10.27
Willow leaf phase 84.25 15.75

Remarkably, even at a high dose of 10 dpa, the alloy
did not exhibit a significant number of voids, highlighting
its excellent radiation resistance attributed to the substan-
tial amount of FCC phases present in the alloy [39]. When
ions interact with these Gd-containing phases within the
FCC structure, the displaced atoms move along interstitial

75

[ [y

Net intensity {Counts)
Intensity (kCounts)

T
400
Position (nm)

Figure 5: (a) Granular Gd-rich phase precipitated in the second phase. (b) Leaf-like Gd-rich phase precipitated in the matrix. EDS line scan of the

(c) granular and (d) leaf-like phases.
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paths in the close-packed crystal directions (110) increasing
the cascade collision distances. This phenomenon, known
as the “channeling effect,” inhibits the generation of point
defects, thereby enhancing the overall stability of the alloy
under irradiation.

In contrast, atoms traveling along other FCC crystallo-
graphic directions within the Mg matrix undergo “focusing
collisions” following the initial collision [40,41]. These focusing
collisions progressively diminished the scattering angles for
each displaced atom in a specific crystal direction, thereby
facilitating energy transfer. Notably, these collisions occurred
predominantly in the close-packed directions, and the hexa-
gonal close-packed structure of the Mg alloy augmented these
interactions. Consequently, the displaced atoms experience
increased energy losses, leading to a reduction in defect
generation.

Furthermore, void formation is intricately linked to
temperature variations. The aggregation of vacancies and
self-interstitial atoms during cascade collisions within the
FCC crystal structure influences the emergence of voids in
the MgsGd phase, which become discernible via TEM only
at temperatures surpassing approximately 0.35 times the
material’s melting point (T,) [42]. Additionally, given the
higher melting point of the MgsGd phase, no void formation
was observed during irradiation at 200°C. These tempera-
ture-dependent void-formation characteristics highlight the
unique behavioral responses of the alloy under varying
conditions.

Finally, the emerging dislocations served as conduits
for atomic diffusion, providing an auxiliary driving force
that propelled the precipitation of Gd-containing phases
with particle or leaf-like morphologies.
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4 Discussion

4.1 Strengthening mechanism of mechanical
properties

The strengthening mechanism of Mg alloys at room tem-
perature involves solid-solution strengthening, grain refine-
ment strengthening, and second-phase strengthening. The
improvement in the strength of the as-cast Mg-Gd alloy
was mainly attributed to second-phase strengthening and
grain refinement. The eutectic phase p-MgsGd typically pre-
cipitates parallel to the {10 1 0}, on the grain boundaries of
the as-cast structure, while the precipitated plates formed
on the prism planes of the Mg matrix act as effective bar-
riers hindering dislocation movement and twin expansion.
Increasing the number of precipitated phases resulted in
stronger strengthening effects.

The grain refinement by Gd partially originates from
the influence of MgsGd on heterogeneous nucleation. The
interface energy between the nucleation substrate and
crystalline phase determines the heterogeneous nucleation
ability, with the mismatch between the substrate and crys-
talline phase being a key factor in determining the inter-
face energy. The mismatch between the MgsGd phase (111)
plane and the o-Mg phase (1010) plane can reach 5.8% [43],
making it an extremely effective nucleation core for the a-
Mg phase, thus hindering its growth. The alloy underwent
metal mold casting, which resulted in a rapid cooling rate
of the alloy liquid. Under non-equilibrium crystallization
conditions, solute Gd is influenced by its own segregation,
leading to its enrichment at the forefront of the

‘ -»7. .
o8 (220
i O)

» (9]

. ] .
o i = .
(LU 00,
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Figure 6: (a) Observation of dislocations in the second phase along the [001] axis. (b) Electron diffraction pattern of the yellow area in the second

phase containing granular precipitates.
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solid-liquid crystallization interface, preventing sufficient
diffusion and increasing the undercooling of the melt.
Additionally, numerous MgsGd phases distributed at the
grain boundaries further hinder the diffusion of liquid
phase atoms into the solid phase, inhibiting grain growth
[44]. Furthermore, the chemical properties of Gd effec-
tively increase the surface tension at the solid-liquid inter-
face, reducing the critical nucleation radius and facilitating
nucleation, thereby significantly refining the microstruc-
ture of the as-cast alloy.

However, as the Gd content increased, several den-
dritic structures were internally generated in the alloy,
leading to stress concentration. This stress concentration
results in a distinctly brittle fracture behavior, which
exerts a certain embrittling effect on the matrix and
reduces the plasticity of the alloy. Consequently, the plas-
ticity of the alloy was lower than that of pure Mg.

4.2 Effect of Gd on thermal neutron
shielding performance

The enhancement of neutron shielding performance of the
alloy with increasing Gd content can be attributed to two
main factors, as inferred from the simulation and experi-
mental results: (1) Adding effective absorptive elements
alters the macroscopic absorption cross-section of the mate-
rial. Gd possesses a significantly larger thermal neutron
absorption cross-section (approximately 49,000 b) compared
to that of Mg (0.04 b) [45]. (2) The microstructure of Mg alloys
affects their neutron-shielding efficiency. The alloy grains
were noticeably refined, and the number of Gd-containing
phases increased in both the grain interiors and grain
boundaries. Generally, the neutron absorption efficiency
of a material increases as the mean free path of neutrons
decreases. A reduced neutron mean free path signifies a
higher probability of collisions between neutrons and atoms
within the same material thickness; in other words, neu-
trons can be effectively absorbed by atoms over a shorter
distance. The refinement of the alloy grains and the increase
in precipitated phases reduced the distance between the Gd-
containing phases, leading to a more uniform distribution,
an increased probability of collisions between neutrons and
Gd, and a decrease in the mean free path.

5 Conclusion

In summary, incorporating Gd in the 0-15 wt% range signifi-
cantly enhances the thermal neutron absorption capability,
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along with notable increases in tensile and YS of Mg alloys.
The as-cast Mg-15Gd alloy exhibited good radiation tolerance
under Au ion irradiation at 200°C and 10 dpa. The presence of
1/6 (2023) (c) and 1/3 (1120) (c + a) dislocation loops was
observed in the matrix. Irradiation-induced nanoscale leaf-
like Gd-rich precipitates were identified in the matrix, while
granular Gd-rich phases were identified in the primary phase.
Irradiation did not induce void formation in the alloy, pri-
marily because of the influence of the nanoscale MgsGd pre-
cipitates and their interaction with the matrix structure
during cascade collisions. With further studies of radiation
effects in the future, we believe that Mg—Gd-based alloys will
exhibit potential in terms of shielding efficiency and radiation
resistance.
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