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Molecular dynamics simulation of the aggregation and diffusion of
iron in liquid lead-bismuth

HAN Xuefeng, YU Xingang
(School of Engineering Science , University of Chinese Academy of Sciences , Beijing 100049, China)

Abstract Liquid lead-bismuth is considered as the core coolant of the fourth-generation lead-
cooled fast reactors, and its compatibility with structural steels is one of the focuses of current
research. In this paper, the aggregation process of iron atoms in liquid lead-bismuth and the
diffusion behavior of iron clusters were simulated by using the molecular dynamics method. The
influence laws and microscopic mechanisms of the temperature of the system, the size and mass
concentration of iron clusters on the coalescence process between iron clusters and the diffusion

behavior of iron clusters were analyzed. The results show that iron atoms tend to form clusters in
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liquid lead-bismuth and that high temperatures can accelerate the aggregation process. In addition,

it is found that the coalescence between iron clusters in liquid lead-bismuth needs to overcome

energy barriers, the energy barrier to be overcome for the coalescence of two iron clusters of radii

10 A at 473 K is about 2. 14 €V, and the increase of system temperature and the increase of iron

clusters size are favorable for the occurrence of coalescence between iron clusters. Furthermore, the

diffusion coefficients of iron clusters were calculated, and found to increase with the decrease of

their mass concentration, decrease with the increase of their size, and increase with the increase of

the temperature of the system. The effect of iron clusters size on the diffusion activation energies was

not significant, and the diffusion activation energies of iron clusters with radii of 10, 12.5, and

15 A were 0. 128, 0. 140, and 0. 134 eV, respectively.
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Fig. 1 Dynamic evolution of Fe atoms in liquid Pb-Bi at 473 K
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