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Fig. 1. Lattice structures of the materials: (a) LiBH,; (b)
NaBH,; (c) KBH,.
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Table 1.  Cross sections of different bound isotopes.
JEy Ocoh/b Oinc/b op/b Ofree/ b
TLi 0.67 0.60 1.27 0.97
23Na 1.86 1.90 3.76 3.45
IK 1.87 0.27 2.14 2.04
g 5.59 0.18 5.77 4.84
H 1.76 80.05 81.81 20.44
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Table 2. Comparison of calculated and experi-
mental crystal structure parameters of borohydrides.
ok /A S/ A
a=17.16, b =4.39, a="7.18, b=4.44,
LiBH,
c=6.61 c=6.80
NaBH, a=b=c=6.00 a=b=c=6.15

KBH, a=b=c=6.57 a=b=c=06.73
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Fig. 2. The total and projected electronic density of states (DOS) of LiBH, (a), NaBH, (b), and KBH, (c).
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Fig. 3. The constant-volume heat capacities ( Cy ) of LiBHy4 ,
NaBHy4 , and KBHy4 .
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Fig. 4. Comparison of the calculated phonon density of states: (a) Partial phonon density of states of cation X; (b) partial phonon
density of states of B; (c) partial phonon density of states of H.
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Fig. 7. Comparison of the coherent elastic scattering cross sections of corresponding nuclides in different materials at 300 K:
(a) Coherent elastic scattering cross section of cations; (b) coherent elastic scattering cross section of B; (c) coherent elastic scatter-

ing cross section of H.
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Fig. 8. Comparison of the incoherent elastic scattering cross sections of corresponding nuclides in different materials at 300 K:
(a) Incoherent elastic scattering cross section of cations; (b) incoherent elastic scattering cross section of B; (c) incoherent elastic

scattering cross section of H.
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Fig. Al. Comparison of the calculated phonon density of states with that used in ENDF: (a) Phonon spectrum of Li in ’LiH;

(b) phonon spectrum of H in 7LiH .
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Abstract

Borohydrides ( XBHs, X=Li, Na, K) exhibit an “elemental synergy” effect, characterized by the high
neutron absorption cross-section of boron and the excellent moderation capability of hydrogen, making them
promising candidates for neutron shielding materials. However, the current lack of experimental and evaluated
thermal scattering data for borohydrides in international nuclear data libraries hinders the accurate assessment
of their shielding and moderation performance. In this study, material properties including lattice parameters,
electronic structures, and phonon densities of states are calculated based on first-principles density functional
theory. Subsequently, the corresponding S(«a,3) data and thermal neutron scattering cross-sections are
developed. The simulated lattice parameters show good agreement with the experimental data. By comparing
the electronic structures and phonon densities of states of XBH,, the coherent elastic, incoherent elastic, and
inelastic scattering cross-sections for the cations X, B, and H are obtained. The results indicate that the thermal
neutron cross-sections of the constituent nuclides in XBHs exhibit significant differences depending on the
cation X. To evaluate the impact of thermal scattering data on neutron shielding effects, a simplified fusion
source model is employed using the OpenMC code to compare the leaked neutron energy spectra under different
physical models. The results demonstrate that the Free Gas Model (FGM) provides an inaccurate description of
neutron moderation due to its neglect of lattice binding effects. Furthermore, owing to the large incoherent
scattering cross-section of hydrogen, the coherent elastic scattering cross-sections of the various nuclides have a
negligible impact on the neutron energy spectrum. This research fills the gap in thermal neutron cross-section
data for borohydrides and lays a foundation for further investigations into their application as neutron shielding
materials. The datasets presented in this paper are openly available at https://www.doi.org/10.57760/
sciencedb.j00213.00219.

Keywords: borohydrides, first-principles calculations, phonon spectrum, thermal neutron scattering cross
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