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Fig. 1. (a)—(f) HRTEM images of Ar ionirradiated Zre1.5Cuz1.5Fes Ali2 glass [13]. (a) HRTEM image of the sample irradiated
with a flux of 1 x 1016 cm~2; (b), (c) FT and IFT patterns indexed by A in (a); (d) HRTEM image of the sample irradiated
with a flux of 3 x 1016 cm~2; (e), (f) FT and IFT patterns indexed by B in (d); (g) the selected area diffraction pattern of
Cu ion irradiated CusoZrasTis glass, the Miller indices correspond to crystalline CuigZry (#) and CuZra (x) phases [14],
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Fig. 2. (a) Mirco-area XRD patterns of the Zrso.7Cu2sNigAli2.3 metallic glass irradiated by Xe
[18]
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Table 1. Summary of ion irradiation studies in bulk metallic glass.

B A R BERE  BTHERE/keV BF AL /em—2 stk (Y/N)
7re1.5Cuz1.sFes Alyg [13] Art 300 3 x 1015—3 x 1016 Y
TigsCugoZrsNisSns 17] N+ 170 5 x 1015—2 x 1016 N
Zrs0.7CuzgNigAlo 3 (18] Xe26+ 7000 1.65 x 101° Y

CusoZrys Tis [15,16] Het 140 2 x 1017 Y
Zrsa.5Cui7.9Nig.6AlyoTis [19] Nit 3000 4.2 x 1013—2 x 1014 N
CusoZrgs Tis 14 Cut 1000 1 x 1016 Y

Nis2 5NbygZri5TiisPt7 5 [20] Nit 1000 1 x 1016 Y
Nis2.5Nb1gZr15TiisPtr s [21] Xebt 18000 5 x 109 Y
Fer3.5Nby 5CrsCuy B1g /FegoZry Bz 122! Pb* 5000000 1x1011—2.3 x 1013 Y
Zr50A7A112A3CuggNi9 (23] Ar+ 70 2 X 101571.43 X 1016 Y
Zrs5CusgAlioNis [24] Gat 30 7 x 1014—2 x 1015 N
Zr55CusoNisAlyg [29] Cot 40 7 x 1016 Y
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Fig. 3. Temperature profile of Nis2 5NbjgZri5TiisPt7 5
experiencing 1 MeV Nit ion bombardment after (a) 1 ps,
(b) 6 ps, and (c) 12 ps[20],
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Fig. 5. (a) Schematic illustration of energy flow path-

way during irradiation-induced crystallization; (b) the

process of energy storage and dissipation in the irra-

diated region [26]
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Fig. 6. (a) Representative stress-strain curves ob-
tained by compression of micropillars in the irradi-
ated regions, inset images shows morphology of shear
bands in compressed metallic glass pillars irradiated at
dosages of 10 and 100 dpa, respectively [32]; (b) load-

displacement curves of metallic glass sample irradiated

at different dosages [34].
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Fig. 7. (a) Stressstrain curves obtained from in-situ tensile testing of as-moulded, focused Ga™ ion irradiated,

and irradiated and annealed (T' = 0.967g) nanowires with diameters ranging from 100-150 nm; (b) and (c) SEM

images of the fracture surfaces of as-moulded and ion-irradiated nanowires, respectively; (d) HRTEM image showing

heavily deformed ductile zone of fracture surface. No crystallization is observed, as confirmed by the FT of the

image (inset) [3°].
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Fig. 8. Sequences of TEM images for the strained metallic glass irradiated at different doasges during in-situ
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Abstract

Metallic glasses (MGs), as new disordered materials prepared by rapidly quenching melted alloys, have attracted
tremendous attention in the material science community. Due to their long-ranged disorderd and short-ranged ordered
structures, MGs usually exhibit uniquely physical, chemical and mechanical properties, which give rise to promising
applications in many fields, and especially they are expected to be potentially structural materials used in irradiation
conditions, such as in nuclear reactors and aerospace.

In this paper, the effects of ion irradiation on the microstructure, mechanical properties, physical, and chemical
properties of MGs are reviewed. It is found that the effects of ion irradiation on the microstructures and mechanical
properties depend on the ion energy as well as the composition of MG. When high energy ions interact with a solid, the
collisions take place between the incident ions and atoms of the solid, which are dominated by inelastic processes (elec-
tronic stopping) and elastic processes (nuclear stopping). The inelastic processes result in the excitation and ionization of
substrate atoms. In contrast, the elastic processes lead to ballistic atomic displacements. Nuclear stopping can produce
structure defects and irradiation damage in glassy phase. The collisions between the incident ions and the target atoms
in MGs can cause the target atoms to deviate from their original positions, and leave a large number of vacancies and
interstitial atoms behind. The separations between the vacancies and the interstitial atoms form displacement cascades.
The interstitial atoms with a low kinetic energy can transfer self-energies to thermal energies, resulting in a thermal
spike due to the accumulation of a large quantity of the thermal energies from interstitial atoms. Such a thermal spike
will cause MGs to melt and resolidify, which therefore makes the structure of glassy phase changed. Furthermore, the
ion irradiation can modify the structures of MGs by introducing excessive free volumes and promoting the mobilities of
atoms, which leads to the dilatation of the glassy phase and nanocrystallization. The increase of free volumes softens
the MGs, and then causes the plastic deformation mechanism to transform from a heterogeneous deformation to a ho-
mogeneous deformation, which significantly enhances the plastic deformation ability.

This review paper can not only improve the understanding of the relationship between microstructure evolution and
macroscopic mechanical properties, and provide an experimental and fundamental basis to understand the deformation
mechanism of MGs, but also summarize the performances of MGs under high dosage of ion irradiation. Moreover, it is

of fundamental and practical importance for engineering applications of such advanced materials.
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