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ABSTRACT Metallic glasses possess densely packed and disordered atomic structures linked by non-
directional metallic bonds. Within these structures, the superior properties of conventional glasses and
crystalline metals can be combined with excellent physical, chemical, and mechanical properties for wide-
spread applications. Metallic glasses also offer a unique model system for fundamental studies on amor-
phous materials. For these reasons, they have attracted global interest. Phase-transition studies can
deepen people's understanding of the atomic structures of materials and can realize materials with tun-
able properties. The polyamorphic transitions in conventional amorphous materials are not expected in
metallic glasses because the latter are already densely packed. However, in situ high-pressure synchro-
tron X-ray probing techniques have recently detected polyamorphic transitions in metallic glasses. This
new phenomenon, its underlying mechanism, and the related property changes have recently sparked
much excitement. This paper reviews the recent progress in polyamorphic transitions in metallic glasses
and the influence of such transitions on their atomic structure and properties.

KEY WORDS metallic glass, polyamorphic transition, high-pressure technique, synchrotron X-ray
technique
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Fig.1 Discontinuous changes of volume and bulk modulus as a function of pressure discovered in Ce-based metallic glasses
(a) specific volume versus pressure for Ce;Al,, metallic glass (P—pressure, V—volume, LDA—low-density
amorphous, U—the Hubbard term. Four different symbols represent four different in situ XRD runs on four

different samples, where the open symbols are for compression, and the solid symbols are for decompression.

The equation of state (EOS) predicted using first-principles calculations for different f~electron behaviours are

also shown: the upper and lower line represent the calculation assuming 4f localized and delocalization,

respectively. For clarity, errors bars are shown only for one set of the data)®™
(b) bulk modulus versus pressure obtained by in situ high-pressure XRD on the La,,Ce,,Al,[Ni,Cu,bulk metallic
glass (A distinct break of bulk modulus occurs at 14 GPa, and the slopes below and above 14 GPa are different

within the experimental uncertainty)®”
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Fig.2 The volume change as a function of pressure determined by X-ray transmission microscopy (TXM) and XRD*”!

(a) 3D renderings of reconstructed tomographic data of CegAl,Cu,,Co, metallic glass (MG) at different pressures

(b) The volume change of CegAl,,Cu,,Co, MG through the polyamorphic transition (Relative volume change (V/
V,) obtained by TXM (solid red balls) as a function of pressure compared with the power law calculations of g,
(2.5 power law: blue diamonds, 3.0 power law: green squares). The dashed lines represent fitting using the
second-order Birch-Murnaghan isothermal equation of state (BM-EOS). '—volume, V,—volume at 0 GPa,
q,—peak position of the first sharp diffraction peak, ¢q,,—peak position of the first sharp diffraction peak at

0 GPa)
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Fig.3 The electronic structure origin of polyamorphic transition in the Ce,;Al metallic glass™
(a) inverse main diffraction peak positions 2n/Q, of Ce,;Al,; metallic glass as a function of pressure (Two different states,
low density amorphous (dashed black line) and high density amorphous (dashed red line) along with a transition region

from about 1.5 to 5.0 GPa can be identified. The data are smooth owing to the hydrostatic pressure conditions, and the er-
ror for experimental data are smaller than the symbol size. Q,—peak position of the first sharp diffraction peak)
(b) in situ high-pressure Ce L,-edge X-ray absorption spectroscopy (XAS) spectra of Ce,;Al,; metallic glass (The arrows

point to the 4f° and 4f' components. The appearance of the 4f° feature indicates the delocalization of 4f electron, and
coincides with the volume collapse in XRD results. 4f*—itinerant 4f electron state, 4f'—localized 4f electron state, E,—

incident energy)
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Fig.5 Relative resistance of the Yb,,.Zn,;Mg,,.Cu;
metallic glass as a function of pressure (The in-
set shows the microphotograph of the sample
with four Pt electrodes in chamber between two
anvils at about 5 GPa conditions. R,—resis-
tance at high pressure, R,—resistance at 0 GPa,
LDAS—low-density amorphous state, HDAS—
high-density amorphous state)!'”
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