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Abstract: Uranium-zirconium alloy is an important nuclear fuel in Integral Fast Reactor, which is of great
significance to study its basic physical properties at high temperature by using advanced calculation
methods. This work used deep potential molecular dynamics method, which combines the high accuracy of
the first principles with the high efficiency of the classical molecular dynamics, to perform an evaluation of
the static and thermophysical properties of body-centered cubic phase zirconium, uranium, and uranium-
zirconium alloy. Firstly, the deep potential(DP) models of body-centered cubic zirconium(Zr-BCC), body-
centered cubic uranium(U-BCC), and body-centered cubic uranium-zirconium alloy(U-Zr( BCC) ) were
trained by using deep neural network machine learning. Secondly, the DP models were used to predict

equilibrium state equation, lattice constant, elastic properties, and phonon spectrum of the three systems,
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and the predicted results can reach the accuracy of the first principles. Then, the variation of heat capacity

and density at constant pressure of Zr-BCC, U-BCC, and U-Zr(BCC) with temperature were predicted by

using DP models, and the results are in good agreement with the experimental values. The research results

show that the machine learning method provides an important path for successfully exploring more

complex nuclear fuel properties.

Key words: uranium-zirconium alloy; machine learning; first principles; molecular dynamics; thermo-

dynamic properties
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Fig. 2 Comparison of DP and DFT predicted equilibrium state equations and lattice constants
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Table 1  Elastic constants and modulus of Zr-BCC, U-BCC, U ;5Zr, 5, Uy sZr, 5 and U, ,sZr, ;5 calculated by DP model and DFT

L/BEN U-BCC Zr-BCC Up.75Z1.5 UpsZros UpasZro 75
kR HC,/GPa Ci 92.05 69.83 150.81 110.81 128.49
75.48 84.67 139.25 78.60 104.32
Cy 161.64 124.25
140.52 111.98
Cy 135.61 96.88
12731 76.93
Cus 36.17 29.35 26.44 39.77 43.86
424 25.64 22.95 42.34 35.10
Css 33.17 44.64
35.40 40.76
Ces 46.37 20.95
61.52 42.05
Ch 148 114.13 124.97 97.42 66.40
158.83 101 94.68 108.91 87.50
Cis 107.07 84.89
101.14 75.15
Cy 114.27 94.88
79.39 95.00
PR I B/GPa 129.35 99.36 127.52 101.91 93.15
130.95 95.96 120.34 92.47 95.87
B G/GPa 10.52 8.75 27.98 26.49 28.81
8.79 12.12 30.89 2348 28.02
WAL E/GPa 30.71 25.51 78.22 73.12 78.34
25.79 34.88 85.36 64.94 76.61
A Ho 0.46 0.46 0.40 0.38 0.36
047 0.44 0.38 0.38 0.37
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Fig.3 Comparison of DP and DFT predicted elastic properties
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