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Fig. 1. DSC curve of LagCu,NijpAly, amorphous alloy
(heating rate is 20 K/min), insert shows the XRD pattern

of the amorphous alloy.
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Fig. 2. Evolution of the normalized storage modulus and
loss modulus with temperature of LagCuy9NijpAly, amorph-

ous alloy.
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Fig. 3. Evolution of the loss modulus with temperature in
various frequency, insert shows the correlation between Inf
and 1000/ T.
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Fig. 4. Evolution of the [ relaxation at different amorph-
ous alloys with the glass transition temperature® 34, dot-
ted area in the figure is the area surrounded by empirical
formula Eg = (24 £ 2)RT, .
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Fig. 5. Evolution of the normalized storage modulus, loss
modulus and internal friction with annealing time in an-

nealing process (annealing temperature is 373 K).
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Fig. 6. Temperature dependent normalized loss modulus in
LagCuyyNijpAly, amorphous alloy at different states: as-

cast state and annealed state.
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Fig. 7. (a) XRD patterns of LagCu;sNijpAlyy amorphous
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(b) creep deformation process of LagCuiyNijpAly, amorph-
ous alloy with different states, as-cast state and annealed
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Fig. 9. (a) True strain-tine curve of LagCu;oNijpAly,
amorphous alloy in uniaxial tensile and recovery experi-
ment; (b) true stress-true strain curve of LagCuioNijpAlyy
amorphous alloy, symbols represent the experimental data,

solid line represents the calculated data of Eq. (5a).
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Probing microstructural heterogeneity of La-based amorphous
alloy under versatile mechanical stimuli’

Zhang Jian  Hao Qi  Zhang Lang-Ting  Qiao Ji-Chaof
(School of Mechanics, Civil Engineering and Architecture, Northwestern Polytechnical University, Xi’an 710072, China)

( Received 31 August 2023; revised manuscript received 20 November 2023 )

Abstract

The intrinsic structural heterogeneity of amorphous alloy is closely related to the thermodynamics and
dynamical behavior, such as relaxation/crystallization, glass transition and plastic deformation. However, the
structural information is submerged into the meta-stable disordered long-range structure, which makes it very
difficult to explore the structural heterogeneity of amorphous alloy. A mechanical excitation factor is insufficient
to effectively describe the heterogeneity of the microstructure in amorphous alloy, particularly the correlation
between structure and dynamics. To explore the essence of the structure in amorphous alloy, it is necessary to
consider the different mechanical stimuli. LagyCu;9NijpAly, amorphous alloy is selected as the model system,
dynamic mechanical process is probed by dynamic mechanical analyzer (DMA). The contributions of «
relaxation process and B relaxation process are described in the framework of the quasi-point defect theory.
Based on the quasi-point defect theory, the a-relaxation and (-relaxation in the La-based amorphous alloy are
separated. Tensile strain rate jump measurements are conducted to study the high temperature rheological
behavior of amorphous alloy. The contributions of elasticity, anelasticity, and plastic deformation during the
homogeneous flow of amorphous alloy are determined within the framework of quasi-point defect theory. The
present work aims to reveal the structural heterogeneities of amorphous alloys under the action of dynamics on
various temporal scales. The physical background of the activation, propagation and coalescence of defects in

amorphous alloy under different mechanical stimuli are reviewed.

Keywords: amorphous alloys, microstructural heterogeneity, dynamic mechanical relaxation, high-

temperature flow, quasi-point defects theory
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