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Fig. 1. Schematic of interaction between the interstitial dis-
location loop and expansion of micro-crack: (a) The model
of micro-crack expansion without the effect of dislocation
loop; (b) the model after including the effect of interstitial

dislocation loop located at different positions.
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Fig. 2. Expansion of free micro-crack under the effect of ex-
ternal stress: (a)—(c) Results at time of 1.0, 40.0, and
122.4 ps, respectively.
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Fig. 3. Interaction between interstitial dislocation loop with
radius R = 1.5 nm and micro-crack with distance to loop d =
1.5 nm. (a) to (c¢) are results at time of 15, 20, and 120 ps:
(a) The initial stage with the formation of rugged crack tip;
(b) the state with the formation of dislocation network after
the interaction between loop and crack; (c¢) the final state
with crack tip pinned by dislocation network located on
XOZ plane.
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Fig. 4. Interaction between interstitial dislocation loop with
radius R = 1.5 nm and micro-crack with distance d =
3.0 nm to loop. (a) to (c) are results at time of 46, 75, and
122.6 ps: (a) The stage at the beginning of crack on slip
plane by changing the expansion direction; (b) the state
with the formation of dislocation network and 1/2(111)
segments dominate the network; (c) the final state with
crack expansion on slip plane, resulting in the fracture of

material.
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Fig. 5. Interaction between dislocation loop and micro-crack
with d =1.5nm, R =1.5nm, and /= 1.5 nm: (a) to (e) are
results at time of 36.8, 48.6, 50.5, 95.0, and 122.6 ps, re-

spectively.
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Fig. 6. Interaction between dislocation loop and micro-crack

with d = 1.5 nm and R = 3.0 nm: (a) to (d) are results at
time of 29, 32, 80, and 123 ps.
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Fig. 7. Results of interaction between dislocation loop and

micro-crack with d = 5.5 nm, R = 3.0 nm after 122.5 ps.
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Abstract

The interactions between the energetic particles and atoms in materials would result in the atomic
displacements and the associated radiation defects. The interstitial dislocation loop, as one of the primary
radiation defects, is formed by the clustering of the supersaturated self-interstitial atoms from the displacement
damages in body centered cubic (bcc) iron based materials. The radiation hardening, embrittlement, swelling,
creep, etc. are generally related to these loops and their interactions with other defects. In addition, the
irradiation would also result in the formation of the micro-cracks from the surface of the materials and also from
the interface of grains, precipitates, and gas-bubbles inside the materials, which would result in the irradiation
assisted stress corrosion crack (IASCC). Therefore, to understand the interaction between interstitial dislocation
loop and micro-crack under the irradiation, is one of key steps to understand the underlying mechanism of
TASCC. In this work, the interaction between interstitial dislocation loop and micro-crack is simulated by
molecular dynamics method on an atomic scale. The distance, relative position between them and radius of
dislocation loop, as the main factors affecting their interactions, are studied to explore the underlying reason for
inducing the micro-crack to expand on the slip plane. The simulation results indicate that when the interaction
between them dominates the whole process with the distance between them within the critical value, the
dislocation network containing the (100) and 1/2(111) segments, would interact with the crack tip to inhibit the
crack from expanding through the pinning effect. When the size of loop is different, the pining effect would be
available only when the interaction between loop core and crack tip dominates with the distance between them
within the critical value. All these results provide new understanding for further exploring the TASCC under

irradiation.
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