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Abstract

Nanoglasses (NGs) are a new kind of non-crystalline materials consisting of amorphous nanometer-
sized grains connected by amorphous interfaces (called glass/glass interfaces). It has been found that
the interfaces have an atomic and electronic structure deviating from those of the adjacent
amorphous grains. As a result of the different atomic and electronic structures of the glass/glass
interfaces, the properties of NGs differ from the properties of the melt-quenched glass with the same
chemical composition. The well-established techniques to prepare NGs are inert gas condensation
(IGC) and magnetron sputtering (MS), in both methods the expensive high vacuum system is
required. Recently, we developed an economic and efficient multi-phase pulsed electrodeposition
(MP-PED) technique to prepare high quality NGs, which has become the third NG preparation
method and greatly promotes the development of NG research. In this talk, we will focus on the
electrodeposited Ni-P NG, introducing the principle of MP-PED technique, the microstructure
characterization of Ni-P NG, and its unique properties. The microstructure of Ni-P NG prepared by
MP-PED was studied by high resolution transmission electron microscopy (HRTEM), X-ray
photoelectron spectroscopy (XPS), and simultaneous high-energy X-ray small-angle/wide-angle
scattering (SAXS and WAXS). The results demonstrate the Ni-P NG prepared by MP-PED has a
nanometer-sized microstructure and consists of two non-crystalline phases (liquid-like and solid-like
phase) of equivalent volume fraction. We suggest that the formation of the Ni-P NG, which is
characterized by inhomogeneity on the nanometer length scale, is achieved via proper control of the
rate of cluster formation and cluster growth by a multi-phase pulsed electrodeposition process. The
microstructure evolution is investigated by in situ heating synchrotron X-ray diffraction. Upon
heating, a structure crossover was observed, where the liquid-like structure transforms to the solid-
like structure, as evidenced by the enthalpy release and an anomalous contraction of atomic structure
over the medium-range length scale, due to the metastable nature of the liquid-like structure. The Ni-
P NG shows a remarkable plasticity in tensile and compression test comparing to the rapid quenched
glass with the identical composition. Above results suggest a unique deformation mechanism for the
Ni-P NG, which would be different from that of the conventional metallic glasses (MGS).
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