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Figure 1 (Color online) The magnetic phase images of (a) spun ribbon and (b) scratched area of the Fe-based MG. The nanoindentaion positions are

marked by the black circles.
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Figure 2 (Color online) (a) The nanoindentation P-4 curves at the positions O, A, B and C of the ferromagnetic glass, and the corresponding O’ and
A’ of the nonmagnetic glass. (b) The creeping curves during the holding time at the positions O, A, B, C, O’ and A’. The thick solid lines are the fitting
results of eq. (4). (¢) The unloading P B-dependent h curves at the positions O, A, B, C, O’ and A’". The dash-dotted line and the cyan line are the fitting
lines with eq. (1) and the Hertzian theory. (d) The 4,y,,,-dependent average absolute phase degree R, 4. The dashed line is guide for the eye.
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Figure 3 (Color online) (a) Schematic illustration of the zones of local
heterogeneity in ferromagnetic MG. The red regions, blue surroundings
and white arrows represent the liquid-like cores, elastic matrix and
magnetic moments, respectively, as illustrated in (b). (c) Sketch of the
translational and rotational motion (red arrows) of atoms or clusters
(blue ellipsoids), i.e., magnetization-dressed nano-flows in the liquid-
like cores surrounded by elastic matrix (dark ellipsoids) in the MG. The
spins (green and black arrows) couple with the local structure. (d) The

three-parameter viscoelastic model of the dynamic relaxation process in
the MG.
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Figure 4 (Color online) The A, dependent (a) Gy, fQ; and (b) 7, .
The square, circle and diamond symbols are the data for the first, second
and third cycling nanoindentaion, respectively. The lines with arrows
are guide for the eye.
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Figure 5 (Color online) (a) The unloading P B-dependent h curves at
the positions A and A’ for the first, second and third times of
nanoindentation with the inset showing the change of /,,,, with the
nanoindentation time. The dash-dotted line and the gray line are the
fitting lines with eq. (1) and the Hertzian theory. (b) The ,,,,-dependent
1 and Gj for the first, second and third times of nanoindentation at
different positions. The dashed lines with arrows are guide for the eye.
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Magnetization-affected localized flows in ferromagnetic metallic
glass

HUANG Bo & WANG Gang'

Institute of Materials, School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China

In this paper, the interaction between magnetization and dynamic relaxation of heterogeneous structure in a
ferromagnetic metallic glass (MQG) is investigated. It is found that the magnetic state of the MG can be changed through
wearing its surface. Accompanying with the change of magnetic state, the local dynamic mechanical behavior of the MG
was detected by nanoindentation varies. Through analyzing with combination of the three-parameter viscoelastic model
and state-transition theory, it is discovered that the microstructure of the glass can be apparently changed by
magnetization with the effective size, viscosity of the liquid-like cores and the relaxation time increased by more than 3
times. Inversely, with cycling loading below the elastic limit of the MG using nanoindentation, it is revealed that
localized flows of nano-liquid in the glass erase the effect of magnetization. The interaction between magnetization and
localized flows relates to spin-orbit coupling in the MG; the change of magnetic state and liquid-like regions in the MG
does not affect its instantaneous shear modulus associated with its ideal glassy state. The studies help understand the
dynamic magneto-mechanical properties of amorphous magnetic materials, and have technological importance for their
applications.

ferromagnetic metallic glass, dynamic magneto-mechanical properties, structural heterogeneity, dynamic
relaxation
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