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Mechanical Properties and Thermal Stability of Nanocrystalline NbMoTaW Refractory
High Entropy Alloy Thin Films
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ABSTRACT: The paper aims to research morphology, structure, mechanical property, thermal stability and potential applica-
tion values of high entropy alloy thin films (HEAFs). Nanocrystalline NbMoTaW refractory high entropy alloy thin films
(HEAFs) with a series of film thicknesses were selected to be fabricated by direct current magnetron sputtering. The scanning
electron microscope (SEM) and Atomic force microscope (AFM) were used to observe the surface morphologies. The energy
dispersive spectrometer (EDS) and X-ray diffraction (XRD) experiment were carried out to identify the composition and phase
structure separately. High-resolution transmission electron microscopy (HR-TEM) was performed to observe the internal fea-
tures. Nanoindentation and vacuum annealing instrument were conducted to detect the mechanical properties and thermal stabil-
ities respectively. HEAFs were single BCC structure. The surface morphologies and the grain sizes varied with film thicknesses.
The hardness decreased firstly and then increased with the increase of the film thickness. The maximum hardness (16.0 GPa)
occurred to the 250 nm-thick HEAF. After vacuum heat treatment at 800 C for 2 h, the grain size and the hardness of NbMo-
TaW HEAFs remained almost unchanged, indicating excellent thermal stability. Nanocystalline NbMoTaW refractory HEAFs
of good thermal stability are fabricated successfully. In addition, the grain sizes were adjusted by varying film thicknesses to
study the relationship between structure and properties of HEAFs.
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Fig.4 (a) and (b) TEM images of as-deposited NbMoTaW HEAFs with a thickness #=250 nm and 1500 nm respectively. Note:
Inserts in (a) and (b) are selected electron diffraction patterns (SADP) and the grain size distribution
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Fig.7 HRTEM images of 250 nm-thick HEAFs after annealing at 800 ‘C and the area scanning images of the selected pink square
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