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Fig. 1. (a) DSC curves of Zrs,CugAggAly and (b) Zr,gCusgyAggAlgPd, metallic glasses. Runl, Run2 and Run3 correspond to heating
from room temperature up to 715 K, 823 K and 823 K, respectively; (¢) DSC curves of Zrs, ,CusAggAlgPd, (z = 0, 2) metallic
glasses (as-cast state) on an enlarged scale; (d) schematic diagram of heating process.
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Fig. 2. Evolution of the shear modulus with temperature during three subsequent heating runs of (a) Zrs)CusAggAlg and

(b) Zr,;sCusyAggAlPd, metallic glasses.
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Fig. 3. (a) Evolution of the defect concentration in the as-cast and relaxed samples and (b) the rate of defect concentration change
(de(T)/dT") as a function of temperature for Zrs, ,CussAgsAlgPd, (z = 0, 2) metallic glasses.
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Fig. 4. Activation energy spectra for Zry, ,CuzAggAlgPd,
(z =0, 2) metallic glasses.
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Fig. 5. Change of the shear modulus ¢(7") and defect con-
centration with the aging time for Zrs, ,CusAggAlPd, (z =

0, 2) metallic glasses.
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Abstract

Amorphous alloys exhibit unique physical and mechanical properties, which are closely connected with their
microstructural heterogeneity. The correlation between structural heterogeneity and mechanical properties is
one of the important issues of amorphous alloys. Micro-alloying is an effective way to tune the mechanical and
physical properties of amorphous alloys. In the present study, Zrs, ,CussAggAlgPd, (z = 0 and 2) amorphous
alloys with ability to form excellent glass are chosen as model alloys. The evolutions of heat flow and shear
modulus in different states (as-cast, relaxed and crystalline) with temperature of Zrs, ,CusAggAlsPd, (z = 0
and 2) glass system are studied by differential scanning calorimetry (DSC) and electromagnetic-acoustic
transformation (EMAT) technique, respectively. The experiment demonstrates that a decrease of the shear
modulus is accompanied by the endothermic heat flow and vice versa. The correlation between the heat flow
and shear modulus is investigated according to the interstitialcy theory. The calculations of the interstitialcy
defect concentration and activation energy spectra suggest that the microstructure remains stable at relatively
low temperatures. When temperature increases, the interstitialcy defect structure is activated. Compared with
that in the as-cast state, the interstitialcy defect concentration in the relaxed state is reduced by structural
relaxation, indicating that temperature-dependent shear modulus softening is inhibited. At temperatures above
glass transition temperature, a rapid growth of interstitialcy defect concentration results in the accelerated shear
softening, which is accompanied by significant endothermic heat flow. It is noted that the minor addition of
palladium reduces the interstitialcy defect concentration in the Zrsy ,CusAggAlPd, (z = 0 and 2) metallic glass
systems. It is suggested that the introduction of Pd reduces the atomic mobility and increases the characteristic
relaxation time. In parallel, the change of shear modulus as a function of the aging time (below the glass
transition temperature) is studied by using EMAT equipment. The results indicate that the interstitialcy defect
concentration decreases in the physical aging process, which is accompanied by an increase of shear modulus.
The interstitialcy defect concentration and shear modulus change towards the quasi-equilibrium state with
aging time increasing. A reduction of the interstitialcy defect concentration leads to a decrease of the shear

modulus change upon microalloying by Pd into Zrs, , CusAggAlgPd, (z = 0 and 2) metallic glass system.

Keywords: amorphous alloy, defect concentration, shear modulus, microstructural heterogeneity
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