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Fig. 1. TEM images of as-deposited Cu samples with various mean twin thicknesses: (a) ! = 96 nm; (b) [ = 15

nm; (¢) { =4 nm; (d) and (e) uniaxial tensile true stress-true strain curves for nanotwin Cu samples tested

at a strain rate of 6 x 1073 s~1. ufg, hyperfine grain; cg, coarse grain. Adapted with permission from Ref.

[1], copyright 2009 AAAS.
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Fig. 2. Work hardening rate of Al-1.6 at.% Cu crystals at ambient temperature after a solution treatment followed
by ageing at 190 °C for various time, as indicated on the horizontal axis. The strain rate of the deformation process
is 3 x 10~% s~1. Initially the specimens are Al-Cu solid solutions, as is indicated schematically by the inset drawing
on the left side of panel. The ageing at 190 °C resulted in the formation of a two-phase material consisting of
crystalline precipitates embedded in a crystalline matrix, as indicated schematically by the inset drawing on the
right side panel. The variation of the microstructure (at constant chemical composition) from a solid solution to a
two-phase material resulted in an increase of the work hardening. Adapted with permission from Ref. [2], copyright
1963 Elsevier.

K3 gokiiabtrl (B3 Mgk asw Ak bt et (T HE) SRR 2O S Z IRIZELE  (a), (e) B — IR THORIRIIE 1A 4
H; (b) B (a) 21804 AE BIK SRS (o) GRS IRARL I BIOWBR G S5 H R (d) BOULAK 27 25 45 () BB R () DRadvd
GBI MARREEH; (g) ARG AR GBI BLI ORI 454 (h) ULk 4t (3]

Fig. 3. The analogy between the defect and the chemical microstructure of nanocrystalline materials (upper row
of figures) and of nanoglasses (lower row of figures): (a) and (e) Melt of identical atoms; (b) single crystal; (c) the
defect microstructure and (d) the chemical microstructure of a nanocrystalline material; (g) the corresponding defect
microstructure and (h) chemical microstructure of a nanoglass. Adapted with permission from Ref. [3], copyright
2014 Elsevier.
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Fig. 4. The left part is the schematic diagram of the inert
gas condensation (IGC) for the preparation of NMG. The
top right of the panel is a picture of an IGC system. The
lower is a picture of Fea5Scrs NMG prepared by IGC and
a SEM micrograph of the sample surface topography. The
granule structure and the interface between particles can be

clearly observed.
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Fig. 5. (a) Schematic diagram for synthesis of the Au-based
NMG thin film; (b) the steps for preparation of powder tar-
gets, the right inset of (b) is the surface morphology of the
prepared thin films. The granule structure in 30 nm diam-
eter and the interface between particles can be clearly ob-
served. Adapted with permission from Ref. [10], copyright
2011 Elsevier.
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Fig. 6. Schematic of the mechanism of the Ni crystal (a)—(c) and Ni-P NMG (d)—(g) electrodeposition growth;
(h) SEM micrograph show the similar surface morphology with the sample prepared by IGC, the granule structure

in 20 nm diameter and the interface between particles can be clearly observed. Adapted with permission from

Ref. [11], copyright 2016 Informa UK Limited.
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Fig. 7. (a) Schematic diagram of the double roller
rolling method; The SEM micrographs of the rolled
Pd4oNigoP20 BMG samples with strains of 30% (b)
and 99% (c), the average of shear bands spacing are
several micrometers and 31 nm, respectively. Adapted
with permission from Ref. [20], copyright 2013 Else-

vier.
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Fig. 8. Molecular dynamic (MD) simulation of the sintering process of a Ge nanoglass. The nanoglass is formed

by sintering nanometer-sized (5 nm diameter) glassy spheres (of Ge) at a pressure of 5 GPa at 300 K. (b)—(d) The

density distribution of Ge atoms in a thin slab of material cut out of the Ge nanoglass parallel to the z-y-plane, as is

indicated above (a); (e)—(g) the atomic distribution of Ge atoms in the thin slab, it may be seen that the nanoglass

consists of a periodic array of dense glassy core regions separated by glass-glass interfaces with a reduced density as
shown in (g). Adapted with permission from Ref. [22], copyright 2009 AIP.

B9 IGC¥HI%& M FegoSc1o NMG HIZETH STM B (a) FIP9EE STEM A (b) [25]
Fig. 9. The surface STM image (a) and inner structure STEM image (b) of the FegpScig NMG prepared by IGC.
Adapted with permission from Ref. [23], copyright 2013 AIP.
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Fig. 10. The micrograph on the right side displays a dark field TEM image of a AugsCuz7Sij4AlsPd2 NMG prepared

by magnetron sputtering. The gray areas are the interface rigion, and the dark grey areas are the inner regions of

the amorphous grains. The micrographs on the left side are the selected area electron diffraction (SAED) patterns

of the glassy regions and the interfaces between them. The diffuse rings of both regions indicate the non-crystalline

structures of both regions. Adapted with permission from Ref. [4], copyright 2013 John Wiley & Sons, Inc.
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Fig. 11. (a) SAXS curves of ScysFeas NMG consolidated at different pressures; (b) positron lifetime of components

71 (red line), 72 (green line) and mean positron lifetime 7y, (blue line) of the ScrsFeas NMG consolidated at 4.5 GPa.
Adapted with permission from Ref. [8], copyright 2012 ACS.
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Fig. 12. Moessbauer spectra of FegpScig recorded at 295 K for the rapid quenched ribbon (c¢), the 5 nm nano-sphere
powder prior to consolidation (d), and the NMG produced by consolidating the 5 nm powder (e). Adapted with

permission from Ref. [23], copyright 2012 APS.
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Fig. 13. (a) Radial distribution function (RDF) of a FeggSc1o amorphous ribbon produced by melt spinning (red
curve) and of a FegpSci9 NMG; (b) RDF of the interfaces in a FeggScig NMG, which is obtained by subtracting
from the RDF of the NMG to that of the ribbon (keeping in mind the different volume fraction of the glassy regions

in both materials). Adapted with permission from Ref. [4], copyright 2013 John Wiley & Sons, Inc.
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Fig. 14. The schematic diagrams of grain boundary (a) and amorphous grains interface (b). The features of grain

boundary are the enhanced free volume of atoms and the more disorder arrangement of atoms in the boundary

comparing to that in the grains. The features of amorphous grains interface are the enhanced free volume of atoms

and the more order arrangement of atoms in the interface comparing to that in the amorphous grains.
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Fig. 15. DSC curves of an as-prepared AuszAgs-
Pd2Cu2sSitnAls NMG (a) and a glassy ribbon (b)
Adapted with
permission from Ref. [4], copyright 2013 John Wiley
& Sons, Inc.

with the same chemical composition.
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Fig. 16. Magnetization curves (magnetization vs. external magnetic field) of a FegoSc190 NMG (red) and a melt-spun

ribbon (green) at 300 K with the same chemical composition. The ribbon exhibits paramagnetic behavior, while the

NMG shows a curve characteristic for ferromagnetic materials. Adapted with permission from Ref. [23], copyright

2012 APS.
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Fig. 17. (a) The compressive stress-strain curves of the Sc7sFeas NMG and the melt quenched ribbon with identical
chemical composition; post-mortem TEM pictures of (b) NMG pillar and (c) ribbon pillar. Adapted with permission

from Ref. [46], copyright 2015 Elsevier.
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Fig. 18. (a) The in situ TEM tensile stress-strain curves of the ScysFeas NMG and the melt quenched ribbon with

identical chemical composition; (b) tensile sample of the ribbon after test; (c) frames extracted from the recorded

movie. Adapted with permission from Ref. [46], copyright 2015 Elsevier.
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Fig. 19. Cell proliferation at the surface of a NMG

and at the surface of a melt-spun ribbon with the same
chemical composition (Tigz4Zr14Cu22Pdsp) as a func-
tion of the time of growth. The two micrographs on
the right side display (in the form of AFM pictures) the
density of osteoblasts (green color) on the surfaces of
both materials after a growth time of 7 days. The up-
per micrograph shows the osteoplast population on the
surface of the NMG. Adapted with permission from
Ref. [55], copyright 2013 Beilstein-Institut.
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Fig. 20. The curves of oxidation of dimethylphenyl-
silane at 20 °C and 1 atm, if the oxidation reaction
is catalyzed by a AusaAgsPd2CugsSiinAls NMG and
a rapid quenched ribbon with the identical chemical
composition. Adapted with permission from Ref. [4],
copyright 2013 John Wiley & Sons, Inc.
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Fig. 21. (a) The HRTEM and (b) the bright field (BF) TEM images of a FeSc/CuSc multi-component NMG, the inset
in (a) is a fast Fourier transform (FFT) pattern, the inset in (b) is the SAED pattern; (c) the STEM image, (d)—(f)
the corresponding compositional mappings of Cu, Fe and Sc, respectively; (g) the M-H curves of the FeSc/CuSc multi-
component NMG and (b) the magnetization variation with different atomic percentages of the FeSc component in the

FeSc/CuSc multi-component NMG. Adapted with permission from Ref. [58], copyright 2015 Royal Society of Chemistry.
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Abstract
Today’s technologies are primarily based on crystalline materials (metals, semiconductors, etc.), for their properties

can be controlled by changing their chemical and/or defect microstructures. This is not possible in today’s glasses. The

new features of nanostructured glasses consisting of nanometer-sized glassy regions connected by interfaces are that their

properties may be controlled by changing their chemical and/or defect microstructures, and that their interfaces each

have a new kind of non-crystalline structure. In this paper we mainly discuss the research progress of nanostructured
metallic glasses, including their preparation methods, structure characteristics and new properties. By utilizing these

new features, an era of new technologies based on non-crystalline materials (a “glass age”) can be opened up.
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