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Due to its low thermal neutron apture ross se tion and good orrosion resistan e, zir oniumbased alloys are ommonly employed as fuel ladding material in the ore of nu lear power
rea tors. While in servi e, the fuel ladding material is in onta t with water, whi h promotes
the oxidation of Zr. This pro ess releases free hydrogen, of whi h a portion enters the alloy and
gives rise to the formation of brittle hydrides. This an have a detrimental ee t on the integrity
and the longevity of the material. Among the zir onium dihydrides (ZrHx , 1.5 ≤ x ≤ 2), the fa e
entered tetragonal ǫ (c < a) and the ubi uorite-type δ phases are known to exist. The δ → ǫ
phase transition is known to depend on the hydrogen on entration, where ǫ is preferred at high
hydrogen on entrations and δ o urs at lower hydrogen ontent. At whi h on entration and
under what onditions the transition o urs is not well established and there is mu h dis repan y
among the experimental observations.
The purpose of this work is to investigate the thermal inuen e on the phase stability of ZrH1.5
using quantum me hani al density fun tional theory (DFT). The free energy is studied for dierent temperatures based on the quasi-harmoni approximation using the phonon density of states
and the ele tron density of states. All DFT simulations are performed using the QUANTUMESPRESSO pa kage, whi h is a plane wave based DFT pa kage. For the ele tron-ion intera tion
we have used ultrasoft pseudopotentials of the Vanderbilt type. For Zr a pseudopotential that
onsiders 4d2 5s2 valen e ele trons and the 4s2 4p6 semi- ore states in the valen e band was used
while only the 1s1 ele tron is treated for H. The employed ex hange orrelation fun tional is
that of Perdew, Burke and Ernzerhof (PBE) within the framework of the generalized gradient
approximation.
We have evaluated the dieren e in free energy for the δ and ǫ phases for the temperature
range 20-500 K in Fig. 1. The tetragonal stru ture has the lowest free energy for low temperatures. However, if the temperature is in reased, at 229 K the δ phase be omes more stable.
This implies that a phase transition o urs at that temperature and it explains why the ubi δ
phase is observed experimentally at room temperature, despite the low formation energy of the
tetragonal ǫ phase.
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Figure 1: Dieren e in free energy for δ ( ubi ) and ǫ (tetragonal, c < a) hydrides for dierent
temperatures. There is a phase transition at 229 K where the tetragonal phase transforms into
ubi .
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