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Abstract: With the advancement of the “carbon peak and carbon neutrality” goals, the importance of nuclear energy as a
clean and low-carbon energy source has been increasingly recognized, and the issue of spent fuel safety protection has
become progressively more critical. Neutron shielding materials play indispensable roles in the storage and transportation of
spent fuel. Traditional neutron shielding materials for spent fuel storage primarily include boron steel, aluminium-boron
alloys, and B,C/Al composites. However, these materials have certain limitations, such as high density and insufficient
mechanical properties. Currently, the development of lightweight, high-strength, easily deformable, and highly
neutron-absorbing shielding materials has become a focal point within industry. Al-based neutron shielding materials
containing Gd exhibit high specific strength and superior neutron absorption performance, making them a preferred choice
for new integrated structural and functional shielding materials. On this basis, this paper systematically reviews the
research on the compositional design and preparation processes of Al-based neutron shielding materials containing Gd,
aiming to analyse the interrelationship between the composition, preparation, microstructure, and performance of such
neutron shielding materials, and to promote the efficient storage of spent fuel and the safe development of China's nuclear
industry.
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Tab.1 Cross section of common neutron—absorbing

elements®
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Fig.1 Prediction of cumulative spent fuel generation in China and typical transportation equipment: (a) forecast of the cumulative
production of spent fuel from nuclear power plants in China; (b) typical spent fuel transportation equipment**!
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K2 A Gd & it Al-15%Mg,Si & 4T85 2 i = £ FESEM 648 12 (2) 0.5%; (b) 1%; (¢) 2%; (d) 4%
Fig.2 High-magnification FESEM micrographs showing the morphological changes in the Al-15 wt.% Mg,Si composites containing
various Gd contents: (a) 0.5 wt.%; (b) 1 wt.%; (c) 2 wt.%; (d) 4 wt. %P

[ 3 Bi@GdsBis ¥ 5¢ 45 44 B i 41 2L AFE FIAH 4347 - (2) SEM 18 2 EDS i ;(b) £ 1 1 2 () EDS 43 #78¥
Fig.3 Microstructure characterization and phase analysis of the Bi@Gd;Bi; dual phase: (a) SEM observation and related EDS mapping;
(b) EDS analysis of points 1 and 25
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Fig.4 Microstructure characterization and phase analysis of (B,C+Gd)/Al6061: (a~c) SEM images and related EDS analyses of the
as-cast composite; (d, €) SEM images of the modified composite!!
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Bl 5 ARREFIE R (15%BC+1%Gd)/Al & 4 b EH BSE 14 :(a) 10:1;(b) 51:141
Fig.5 BSE images of the (15 wt.% B,C+1 wt.% Gd)/Al composite with different extrusion ratios: (a) 10:1; (b) 51:14!
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Fig.6 Schematic diagram of microstructure evolution during the rolling process: (a) sintered state; (b) low-strain rolled state;
(¢) high-strain rolled state"
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Tab.2 Comparison of the mechanical properties of the main studies mentioned in this paper

Matertials Preparation technology Tensile strength/MPa Elongation/% Source

30 wt.%B,C/Al powder metallurgy 297 2.5 Zhang™
Al-6Mg-5Gd powder metallurgy 462 10.2 Yang®!
Al-5Cu-6Gd-10Bi Casting 204.9 13.4 Ding®

(10 wt.%B.,C+3.6 wt.%Gd)/Al6061 Casting 342 2.4 Chen'"!
(15 wt.%B,C+1 wt.%Gd)/Al powder metallurgy 260 15 Xul
(15 wt.%B,C+1 wt.%Gd)/A16061 powder metallurgy 380 5 Jiang™
6TiB/Al-5Mg-1Gd powder metallurgy 464 15.6 Yang™®!

10 wt.%Gd,05/A16061 powder metallurgy 240 16 Zhang!*
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