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ABSTRACT: This paper attempts to explore the influence of dose rate on the microstructure characteristics of irradiation using
computational simulation and to explore the mechanism of dose rate effect under normal temperature irradiation. Object Kinetic
Monte Carlo (OKMC) method is used to study the variation characteristics of radiation defects with dose rate in the Fe-C system
at room temperature. Simulation results show that the density of interstitial loops increased with the increasing dose rate at the

lower dose range (<0.01 dpa), but high dose rate irradiation showed a lower interstitial-loops density, a larger average loop size
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at a higher dose range. By comparing the number of dislocation absorpted defects at different dose rates, it is concluded that the

characteristics of dose rate in different dose ranges are attributed to the competition between dislocation absorption and defect

recombination. Dislocation absorption play an important role in the low dose range. With the increase of dose rate, the number

of defects absorbed in dislocation lines decreased significantly. However, at higher dose ranges, the recombination of intersti-

tial-vacancy defects in the matrix probably increases significantly at the higher dose rate, so that high dose rate irradiation result

in lower interstitial loop density and irradiation hardening. The work in this paper provides a scientific basis for understanding

the mechanism of the dose rate effect and a scientific reference for ion beam simulation of neutron irradiation.
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Tab.1 Major parameters for the evolution of different types of defects in the model

NEESIE En/eV Ey/eV BEHHER
I 0.31 3D
I, 0.42 0.8 3D
I; 0.43 Ito1,0.92 3D
Iy 0.43 ItoI; 1.55 3D

[n2/3 —(n- 1)2/3J
<1 0.1 Ey(N) = (1) + [Ey(2) = Ex(D] =y ——— 1D
E(1)=3.77 eV, Ey(12)=0.8 eV
<100>: 1,54 Same as <111> M
Vi 0.55
Vv, 0.54 0.3 3D
V3 0.43 VitoV,037 3D
V4 0.62 Vto V;0.62 3D
[n2/3 ~(n- 1)2/3J
Vi 125 Ey(N) = (1) + [Ey(2) = Ex(D] g ——— 3D
E(1)=2.07 eV Ey(2)=0.29 eV
Cl>4 C to L,54 {0.4-0.66}* IM
Co>1 Lisg C to Cl, 4 or Cyl, oy
CvV 0.68 M
Ccv, 1.1 CtoCV 1.01 3D
C,V, As in ref, 12! IM
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Fig.1 Variation of the density of interstitial loops and vacancy
cluster with irradiation dose.
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