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Aims & Objectives
Fabricate a single phase high-entropy alloy of Cr-Mo-V-W quaternary system.
Characterize the microstructure of the fabricated high-entropy alloy.
Compare against the theoretically predicted result.

Background & Motivation

Methodology
Prediction Method

Fabrication Method

New alloy selection prediction method,
accounting for the formation of intermetallic
phases.

A high-entropy alloy (HEA) is a recently identified class of alloys, which consists of at least
four principal disordered elements at a molar concentration of between 5 and 35%.
These alloys have been found to possess
outstanding mechanical properties such as
high strength, ductility and wear resistance.

Metallographic
preparation
–
Grinding/Polishing performed on the
surface of HEA sample for subsequent
characterizations.
Characterisation Method

ΔGss – The change in Gibb’s free energy for
the formation of fully disordered solid solution

A novel alloy composition of CrMoVW on
equimolar concentrations is investigated.
The alloy candidate is predicted to possess
high strength and ductility intrinsic to BCC
structure.
This makes it excellent
candidate for use as structural materials.

Metallurgical preparation – Vacuum arcmelting of Cr-Mo-V-W button performed.

Figure 1: Schematic diagram of high-entropy alloy with
different colors at each lattice site representating
disordering nature

ΔGmax – The maximum change in Gibb’s
free energy obtainable from the intermetallic
formation of any combinations of binary
system in the alloy
The Φ parameter indicates the formation of
high-entropy alloys; when Φ ≥ 1, a single
phase HEA is predicted to form.
The composition in Cr-Mo-V-W system has a
value of Φ ≥ 1.

Figure 2: Simplified schematic diagram of XRD

X-Ray Diffraction (XRD) and Scanning
Electron Microscopy (SEM)) performed.

Results & Discussion
Scanning Electron Microscopy characterization

X-Ray Diffraction characterization

Scanning Electron Microscopy is used in back scattering mode in which the surface of a
specimen of alloys is scanned with focused beam of high-energy electrons to produce various
signals. These signals containing surface topographic and compositional information are
produced from back-scattered electrons reflected from the sample by elastic scattering.

X-Ray Diffraction is another characterization technique used for determining the crystal structure
and microscopic features of materials by measuring the angles and intensities of diffracted
beams. The figure below shows the diffraction patterns of the fabricated HEA sample analysed in
Materials Analysis Using Diffraction (MAUD) software:

Figure 3: SEM image in back-scattering mode from the samples

Region

Composition (at.%)
V
0

Phase fraction (%)

Microstrain (%)

1

Cr
0

Mo
0

W
100

4.4

2.37 × 10^-5

2

0

37.2 35.9 26.9

25.4

0.357

3

31.3 23.6 26.4 18.7

28.0

1.17

4

37.4 22.9 21.9 17.8

42.2

0.389

Table 1: Regional characteristics; composition from SEM result and phase fraction and microstrain from XRD results

The sample has been found to contain three distinct phases; pure Tungsten phase (Region 1),
non-Chromium phase (Region 2) and high-entropy alloy phase (Region 3 and 4). Although the
fabricated high-entropy alloy is not of a single phase as predicted, it contains the HEA phase in
quite high proportion (about 70 vol.%) of the sample, found from XRD result.

Figure 4: X-ray diffraction pattern from XRD experiment; black and red lines represent raw data and simulation data from MAUD

Each set of diffraction peaks is labelled matching Miller indices of crystallographic planes.
These peaks correspond with those materials of BCC crystal structure, indicating that the
fabricated sample is of BCC structure as predicted
Region 3 and 4 possess higher microstrain than non-HEA regions in Table 1. This confirms
greater lattice distortion from atomic size mismatch of the quaternary system, which is one of
crystallographic features of high-entropy alloys.

Discussion:
The fabricated sample contains non-HEA phase (Region 1 and 2). This is most likely due to the high melting point of Tungsten and the arc melter’s heating capability, resulting in a small pure W phase
in the middle of sample (Region 1). Region 2 may be a result of miscibility gap on Cr-W binary system, causing Region 2 phase to repel Chromium.

Conclusions
Single phase high-entropy alloy sample was not successfully fabricated, but it consists of high
portion of HEA phase and this gives the creditability to the developed prediction method.
The microstructure of the HEA candidate was analysed and found to be of BCC structure as
predicted. High microstrain in the HEA regions was also observed, consistent with the
crystallographic features of high-entropy alloys.

Plans for the future
Smaller sample size or different composition in the quaternary system (Cr-Mo-V-W0.5) can be
fabricated and analysed as further tests of the prediction method.
A different set of elements can be tested such as Co-Fe-Ni-W quaternary system to confirm
the creditability of prediction of microstructure of HEA candidates. In this case, a dual phase
of FCC and BCC is predicted to form.

