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Effects of thermal annealing on structural relaxation, amorphous stability and
nanoindentation response of Zr-40.36 at.% Cu thin film metallic glass
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Bulk metallic glasses (BMGs) have attracted extensive attention in recent years as a

new class of materials with great potential for engineering applications due to unique

properties, such as large elastic strain limit, excellent corrosion resistance and high

hardness. One of the enduring characteristics of amorphous alloys is their interesting

mechanical properties due to lack of long range atomic ordering in opposite to their

crystalline counterparts. Over the last decade, mechanical properties of metallic

glasses (MGs) have been significantly investigated, mainly in their bulk form. The aim

of our work is to better understand the transformations involved in binary thin film

metallic glasses (TFMG) synthetized by magnetron sputtering. The effects of

isothermal annealing on structural relaxation and crystallization behavior of a Zr-40.36

at.% Cu TFMG were investigated by X-ray diffraction and nanoindentation.

Nanocrystallline grains, mainly consisting of CuZr

2

 have grown from the matrix when

annealed at certain temperatures for different times in the super cooled region. For an

isothermal annealing below the glass transition temperature T

g

 (617 K) the XRD

spectra clearly show only the amorphous state. It has been shown that the hardness

increases up to ~ 6.5 GPa and ~7.9 GPa after annealed for 60 min at different

temperatures. The elastic modulus follow almost a linear trend with time obtaining

values up to ~129 GPa and ~138 GPa, respectively. After structural relaxation

(annealing below T

g

) the film hardness increase by about 13.5%, while the Young’s

modulus is improved by 16% compared with the as deposited values. Results

indicated that the free volume of Zr-40.36 at.% Cu (TFMG) decreased and

nanocrystals nucleated during annealing. Such structural reorganization is

responsible for the enhancement of the hardness and elastic modulus of TFMG.
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