Details of the phase field simulations (results are presented in Fig. 2)





[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: _GoBack]We began by adding the effects of fission gas into the phase-field model of spinodal decomposition. The effect of fission gas on spinodal decomposition derives from bubbles and gas atoms. In our model, we regard bubbles and matrix as two phases, expressed by the order parameter. It takes the value of 1 within bubbles, and drops to 0 outside the bubbles and varies smoothly through the phase interface. Gas atoms are both in bubbles and matrix. In the system where spinodal decomposition occurs, we set the concentration of the component Zr asand the concentration of gas atoms as. They are treated as conservative variables evolving over time. The defect effects were also considered in our model. The vacancy concentrationwas introduced and we took it as a constant for simplification. 


In the thermodynamic phase models, the total free energy, , consisting of the bulk free energy and interfacial energy, of a system with inhomogeneities in both concentrations and parameter order is written as a volume integral：


(1)

















[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Where,  is defined as relative volume , is Avogadro's constant andis the lattice parameter of U-50Zr. is an interpolation function of , ,is a barrier function, expressed as. is the height of the double potential well function; is the concentration gradient energy of coefficient component Zr; is the energy coefficient of the phase fraction gradient; ,determine the shape and width of the phase diffusion interface.  is the matrix free energy and  is the bubble phase free energy.  can be expressed using solid solution model. 

We consider using the traditional double-well potential function and parabolic function to describe the free energy [1,2].











where the parameters from  to  are set as constant simply.  is the thermal equilibrium concentration of  with , . Here we set the value of as 3eV and temperature as 550℃ in our simulation according to the simulated conditions.



The evolution of the composition field and  are governed by the Cahn–Hilliard equation for conserved variables
	

	(4)

	

	(5)


The KKS model [3] was used here to deal with the relationship between matrix, bubbles and gas atoms. Following the KKS model, the concentration of gas atoms is written as:
	

	(6)


The KKS formalism also requires the chemical potentials of coexisting phases to be equal, and it should be noted that the equality does not take place only in the interfacial region. 
	

	(7)







[bookmark: OLE_LINK16][bookmark: OLE_LINK17]It is reasonable to assume that there are no component atoms in the bubbles, that is, the components only exist in the matrix.  and are the chemical potentials whose gradient drives the diffusion of component A and gas atoms, respectively.  and are the atomic mobility of component A and gas atoms, respectively. is expressed by atomic mobility of both matrix phase and bubble phase.
	

	(8)

	

, with 
	(9)




where is the pre-exponential factor of the diffusion coefficient [4], and [4] is the activation energy of the mutual migration of U and Zr in the i phase (i stands for α, β, and γ).


We used the finite difference method to simulate the spinodal decomposition phenomenon taking into account the interaction of gas atoms and bubbles in U-50Zr. 64 grid points were selected for each length and width and . The time step is 0.01, and the simulation ran for 10000 steps. The simulation results are shown in Fig.2 in the content of the paper. 
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