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Table 1 Properties of different moderator materials

) Density/ Average logarithmic Macroscopic absorption Moderating ability/ ) )
Moderator materials R . ) | Moderation ratio
kg'm energy level cross section/cm’ cm’
Light water 1000 1.50 0.022 1.5 68
Heavy water 1100 0.18 0.000085 0.18 2118
Graphite 1620 0.063 0.00037 0.065 176
Be 1840 0.16 0.0011 0.16 145
ZrH, 5790 1.45 0.03 1.45 51
YH, 4300 1.2 12 25
®2 TREIEBEMIRIIERE
Table 2 Properties of different metal hydride materials
Obtained hydrogen density
Hydride Hydrogen atomic density/ . ,  Hydride density/, g-cm” Moderation rate Moderation ratio
b 5 Mass density/g-cm”
%10~ H atoms-cm
TiH, 9.1 0.152 3.78 0.85 6.3
ZrH, 7.3 0.122 5.56 1.45 55
LiH 5.8 0.095 0.78 1.2 3.5
YH, 5.8 0.097 4.24 1.2 25
ThH 4.9 0.082 9.5 1.0 52
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Fig.2 Variations of hydrogen density of different metal hydride
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Table 3 Crystal structure and lattice parameters of zirconium

and the related metal hydrides

Lattice parameter

Hydrogen Crystal
Phase
content/at% structure a/x0.1 nm  ¢/x0.1 nm
o-7Zr 0 hep 3.23 5.15
p-Zr 0 bee 3.61 -
o 56.71-62.69 fee 4.78 -
I3 62.69-66.67 fet 4.98 4.45
y 50 fet 4.60 4.97
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Table 4 Crystal structure and lattice parameters of yttrium and

the related metal hydrides

Lattice parameter

Hydrogen Crystal
Phase
content/at% structure  a/x0.1 nm  ¢/%0.1 nm
0 hep 3.64 5.73
a-Y
20 hep 3.66 5.79
6-YH, 65-66.67 fce 5.21 -
e-YH, 73.7-74.5 hep 6.36 6.66
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Table 5 Main performances of BeOQ"™"

Item Value
Theoretical density/g-cm™ 3.02
Thermal conductivity/W(m-K)" 209
Elastic modulus/GPa 392
Thermal expansion coefficient/x 10 °C"' 8.8
Melting point/°C 2530
Mohs hardness 9
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Fig.10 Percent of unirradiated modulus of rupture strength vs volume expansion percent in BeO (a)""; loss percent of thermal conductivity of

BeO vs integrated fast-neutron flux (b)***!
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Fig.11 Applications of BeO in reactor cases''”: (a) the aircraft reactor

experiment prior to reactor decommissioning and (b) the

kilopower reactor under assembly
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Table 6 Comparative analysis of different moderator materials

Excellent stability at high

temperatures

Difficulty in special-shape processing

Moderator . .
. Advantage Drawback Applicable scenario
material
Excellent moderating ability Limited thermal stability . . )
. . Medium to high temperature gas cooled reactors or light
ZrH, Low neutron absorption Hydrogen release at high temperatures
) . o i ) water reactors; temperature should not exceed 600 °C
cross section Difficulty in high-purity processing
Excellent stability at high . Lo . . .
Difficulty in high-purity processing High-temperature gas cooled reactors, molten salt
temperatures . o .
YH, . ) o Moderating ability slightly lower than ~ reactors and other high-temperature stable reactor types;
Fine moderating ability o o
) . ZrH, stable temperature can be maintained within 800 °C
Stronger corrosion resistance
Strong resistance to radiation High toxicity
B damage Brittleness High-power fast neutron reactors;
e
Excellent stability at high Helium bubble induced cracking after ~ ensure safety due to its toxicity
temperatures irradiation
Strong resistance to radiation .
Toxicity (dust) .
damage ) Hot neutron reactor and high-temperature gas cooled
BeO More brittle than Be

reactor
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Research Progress of High-Efficiency Solid-State Neutron Moderator Materials

Guan Jingyu, Shen Teng, Liu Guoming, He Kai, Jiang Xiaochuan, Qi Anzhou, Dong Hao
(China Nuclear Power Engineering Co., Ltd, Beijing 100840, China)

Abstract: High efficiency solid-state neutron moderator materials are crucial component in micro-nuclear reactor. The main function of neutron
moderator is to reduce the energy of neutrons produced by fission to a range that sustains further fission. Meanwhile, moderator materials are also
one of the core structural materials in reactors. The application of high-temperature-resistant and efficient neutron moderator can help promote the
development of miniaturization and mobility of micro nuclear reactors. Starting from the principle of moderators, several promising high-
temperature resistant and efficient neutron moderators were summarized. The development prospects for different moderators were discussed,
providing valuable guidance for subsequent researches and applications.
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