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Fig. 1. Typical interfaces in metals??42627:  (a) Grain
boundary in Cu which irradiated at 450 °C by 200 keV He
ions with a fluence of 2 x 10'7 ions cm? (b) interfaces
between oxides and matrix in ODS steel which irradiated
with 24.18 MeV Fe®t ions and 1.7 MeV He* ions at nearly
430 C; (¢) Cu-Nb interface which irradiated at 450 °C by
200 keV He ions with a fluence of 2 x 10?! ions cm % (d)
free surface in nanoporous gold (NPG) which irradiated at
room temperature by 400 keV Net" ions with a fluence of
8.64 x 10' ions/cm 2.
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Fig. 2. (a) Variation of the width of the void-denuded zone
(VDZ) with the character of interfaces. The large angle
grain boundary in (b) Cu which irradiated at 450 C by 200
keV He ions with a fluence of 2 x 107 ions cm 2. and in (c)

Cu-Nb interface in the same irradiation condition[2223],
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Fig. 3. The influence of grain boundaries loading with interstitials on the defect properties in £11 GB of copper: (a) Vacancy forma-
tion energy profile of a pristine GB; (b)vacancy formation energy profile of a GB loaded with 10 interstitials after a collision cas-
cade. Vacancy sites denoted by dashed box are unstable sites that are annihilated via barrier-free interstitial emission; (c) defect dif-
fusion barriers as a function of distance from a pristine and an interstitial-loaded GB. Line 1 represents vacancy diffusion barriers
near the pristine GB. Line 2 represents vacancy diffusion barriers in the bulk. Line 3 represents interstitial diffusion barriers near
the pristine GB. Line 4 represents interstitial diffusion barriers in the bulk. Line 5 represents vacancy diffusion barriers near the in-
terstitial loaded GB. Line 6 represents interstitial emission near the interstitial loaded GB. Clearly, barriers for vacancy diffusion
and interstitial emission near the interstitial-loaded GB are greatly reduced compared with the vacancy diffusion barriers near the

pristine GB.
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Fig. 4. Mechanism of vacancy pump in Cu/Ag interface: (a) A surface bump enriched copper formed on surface of the Cu/Ag nano-
composites after 400 keV, 2 x 107 ion/cm? helium ions implantation at 400 °C; (b) high density of helium bubbles formed at the
depth of 200 nm. The density and diameter of helium bubbles in Ag are larger than that in Cu; (c¢) high density of voids formed at
the depth of 1400 nm; (d) high density of dislocation lines formed at the depth of 1800 nm; (e) Cu vacancies segregate to the MDI
due to compressive stress field; (f) Cu vacancies at MDI transfer into Ag layer and attach to interface; (g) Ag interstitials migrate
to non-MDI area because of tensile stress; (h) a state of interstitials enriched in Cu and vacancies enriched in Ag is achieved due to

the vacancy pump effect of Cu/Ag interface.
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Fig. 5. The mechanism of the interaction between the SFTs and the coherent twin boundaries: (a) The two truncated SFTs during
their interactions with CTBs. SFT-a was truncated from its apex, whereas SFT-b was destructed from its base; (b) HRTEM micro-
graph showing the formation of groups of stacking faults during SFTs interactions with CTBs; (c¢) schematics of two types of inter-
actions between SFTs and twin boundaries corresponding to the two cases in (a). The removal of SFT initiated from its apex (in
contact with a twin boundary) results in the formation of dislocation loops on {111} plane in the twin lattices. In the lower case,

the interaction of a mobile partial with stair-rod dislocations, AB and AC, results in two new mobile partials that can migrate on

the surface of SF'T and lead to its decomposition.
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Fig. 6. The mechanism of interaction between CTBs and interstitial dislocation loops in Ag under in situ radiation: (a) An initially

straight CTB; (b) the monocular dynamic simulation for the formation, movement and diffusion of an interstitial loop near a CTB;
(c) the formation of puddle at the CTB; (d) Two SFTs adjacent to the puddle were gradually absorbed by the CTB; (e) the anni-
hilation of interstitials with SFTs leads to the self-healing of the CTB; (f) the CTB was nearly recovered to a straight line.
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Fig. 7. Illustration of the shrinkage and migration of dislo-
cation loops toward GBs in Ni irradiated by Kr ions. In re-
gion 2, further away from the GB, the concentration of va-
cancy induced by radiation approaches a plateau and the
continuous absorption of vacancy leads to the gradual re-
duction of interstitial loop diameter. In region 1, adjacent
to the GB, there is a concentration gradient of vacancies.
The absorption of vacancy by one side of dislocation loop
and the corresponding emission of vacancy from the other
side (facing GB) lead to rapid migration (climb) of the loop
toward the GB.
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Fig. 8. Cu-Nb interfaces act as obstacles to slip and sinks for radiation-induced defects. Under the same radiation condition, helium

bubbles form in bulk Copper but not in Cu/Nb heterostructures. Hence, nanolayered composites not only increase strength but en-

hance radiation-damaged tolerance as well, compared with bulk materials.
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Fig. 9. Helium bubbles in irradiated Au: (a) Nanoscale heli-
um bubbles in Au film; (b) nanoscale helium bubbles are
formed in the point of misfit dislocations in twist boundary
of Au; (c¢) formation and solution energies of vacancy for
different atom sites along (001) twist boundary.
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Fig. 10. The relationship of critical He concentration and
MIDs densities for interfaces with Kurdjumov-Sachs inter-
face orientation. As plotted are three typical FCC/BCC in-
terface such as Cu-Nb, Cu-V, Cu-Mo.
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Abstract

High-energy particles’ radiation produces a large number of radiation defects in material, such as
interstitial atoms, vacancies, dislocation loops, voids and helium bubbles. The formation and evolution of
massive radiation defects cause the instability of microstructure in metal, which further degrades its mechanical
performance. Interface engineering is an effective method to tune the radiation resistance of metal and alloy. By
introducing a large number of grain boundaries, phase interfaces, free surfaces, etc., the recombination
probability of radiation-induced vacancies and interstitial atoms increases, thereby reducing the accumulation of
radiation defects, improving the structural stability of the metal and eliminating the harmful effects of
radiation. In this paper, we briefly review the recent progress of the mechanisms of interactions between several
typical interfaces and various types of irradiation defects. The influence of interface structure, irradiation
condition and defect character on their interaction behavior are reviewed and discussed. We also propose some
critical questions about the radiation damage to material which remain to be understood. It is necessary to
combine multidisciplinary techniques, knowledge and theories in order to fully understand the mechanism of

radiation damage and design the advanced radiation-tolerant materials.
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