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Abstract: Due to the obvious high concentration of each superior elements, HEAs have unusual physical, chemical,
mechanical, and electrochemical characteristics. HEAs also have a unique structure. In order to improve the qualities even
further, certain trace amounts of elements (at. percent 5 percent) are also included. In the current investigation, the synthesis
and characterisation of high-entropy alloys based on AlCoCrFeMnNi will be the primary focuses. In this study, the influence of
the Al/Cr ratio on the phase formation and corrosion behavior was investigated. By refining the grains, the addition of Co has
an effect on both the microstructure and the corrosion. In addition, the ratio of aluminum to chrome has an effect on the
microstructure as well as the behavior of corrosion. The synthesis of AICoCrFeMnNi HEAs utilizing melting and casting as the
process was the first step in this research project. The samples that were synthetically produced were analyzed using x-ray
diffraction and optical microscopy respectively.
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1. Introduction:

Among all components of the alloy, aluminium shows the largest impact on the structure and properties; hence, the amount of
information regarding AlxCoCrFeNi alloy. As the aluminium content of the AlxCoCrFeNi alloy increases, the fcc phase turns
into the bcc phase [1,2]. For x in the molar ratio, the structure changes as follows: fcc occurs when x 0.4, a mixed fcc and bcc
phase appears between 0.5 x 0.9, a single bcc phase is present when x 0.9 [3]. Through spinodal decomposition, the bcc
phase consists of disordered bcc (A2) and ordered bec (B2) [4]. Guo et al. indicate that the stability of the bcc or fcc in HEAs
are associated with the concentration of valence electrons [5]. The change from fcc to bcce by increasing the Al content is also
considered to occur due to lattice distortion. The alloys form a structure with lower atomic-packing efficiency, which is bcc
due to the larger Al atomic size than the other major components [6].

Ogura et al. [7] explained the effect of Al content content on the phase transition. For this purpose, he used first principles
electronic structure calculations. They claimed that the transformation from fcc to becc with increasing Al content is mainly
because of the high energy gain of the DO3 structure with Al addition. They observed that with increasing Al content, the total
energy difference between fcc and bcc decreases. They pointed out that Cr and Fe stabilize the bcc structure, and Ni and Co are
fcc stabilizers.

Other studies also indicate that there is significant elemental segregation in the dendritic and interdendritic regions in the
AlxCrCoFeNi alloy. The dendritic regions are enriched in NiAl, while the interdendritic regions show an increased FeCr content
[8]. For as-cast alloys, the microstructure also changes with the change in Al content [9]. The solidified microstructure changes
from a columnar cellular when x in the molar ratio is up to 0.3 to a columnar dendritic structure when 0.4 x 0.6, then to
equiaxed non-dendritic grain when 0.7 x 0.8, next to equiaxed dendritic grains when 0.9 x 1.5 and finally to non-equiaxed
dendritic structures when 1.8 x 2.0 [57]. The Al content also affects other properties of the alloy. Increasing the aluminium
content in the AlxCoCrFeNi alloy increases its strength while decreasing its plasticity [10].

All HEAs showed significantly higher wear resistance than AISI 304 at temperatures above 300 °C and Inconel 718 at
temperatures greater than 800 °C. The study showed a positive effect of increasing Al content in AlxCoCrFeNi alloy on wear
properties. The AlxCoCrFeNi alloy with a low aluminium content shows weak magnetic properties, while a high content makes
the alloy ferromagnetic. This is due to the change in the crystal structure of the alloy from the fcc phase to the bcc phase [11].
Studies indicate that as the Al content in AlxCoCrFeNi alloy increases, the corrosion resistance decreases due to the porosity
and inferior nature of the Al protection oxide film in these alloys [12].
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2. Materials and Synthesis

2.1. Materials Al, Co, Cr, Fe, Mn, Ni powders were used to synthesize HEAs with different compositions. The composition
for different HEAs is given in Table 1. The content of each element is shown in weight %. The HEAs are designated by
H1, Hozs, Hi, H3, and He according to their Al/Cr ratio. The Mn content has been taken in lesser amount because it
deteriorates the corrosion performance in NaCl solution. The Ti has been added to HEAs as minor element because it
helps in improving the corrosion resistance either by forming TiO, passive layer or by helping in the formation of
other passive layers such as Cr;03, Al;03 etc.

Table 1 Composition of HEAs

Al Co Cr Fe Mn Ni Ti Al/Crratio Alloy
0 23 25 23 4 23 2 0 Hy

7 22 21 22 4 22 2 0.33 Hos3
14 22 14 22 4 22 2 1 Hy
21 22 7 22 4 22 2 3 Hj

28 2333 0 23.33 4 2333 2 o0 Ho

2.2. Sample Preparation: The powders as per the compositions were compacted using a uniaxial compaction apparatus
after blending the powder. As a result, the green pellet with diameter 15 mm were formed by applying 90 MPa of
pressure for 3 minutes. After 3 minutes, the pressure valve was opened and pressure was released. Then, the pellet
was removed from the die carefully. Now, the compacted powder had strength enough to bear further synthesis
processes

2.3. Melting and casting Process: Materials are melted by arc melting, which is commonly employed to create alloys. An
electric arc is created by striking metals in a crucible in the copper hearth with a tungsten electrode. The chamber is
emptied and subsequently refilled with argon gas in vacuum arc melting. As a result, melting takes place in an argon-
free environment.

3. Results and Discussion
3.1. Optical microscopy

For HO and H0.33 samples, the optical micrographs were almost same as shown in Figure 1. The samples revealed single phase
multi-grained microstructure. The grain boundaries are clearly visible after etching the samples. The average grain size was
estimated using image] software. The grain size was 54 microns for HO and 41 microns for H0.33. It reveals that the increase of
Al/Cr ratio refined the grain size due to which the grain size reduced from 54 to 41 microns.
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Figure 1 Optical micrograph for a) Hyp and b) Hy.33

The Al/Cr ratio was further increased from H0.33 to Hoo HEA. When the ratio increased to 1, the etchant samples showed two
different phases in contrast as shown in Figure 2.The optical microscopy can show the number of phases by contrasting
between them using etchant but it is not possible to identify that what phases are formed. To know about the phases, it is
essential to go for X-ray diffraction. With further increase of Al/Cr ratio for H3 and Hoo, the second phase increased its volume

as shown in Figure 3.For Hoo HEA, phase I disappeared and only phase Il seemed to be appeared all over the surface as shown
in Figure 3 b.

. Phase |

Figure. 2 Optical micrograph for Hy
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Figure 3 Optical micrograph for a) Hz and b) He

3.2. X-Ray Diffraction (XRD)

Figure 4 a represents the XRD plot for Hy HEA sample. Majority of FCC peaks are significant in the XRD plot. Three major
FCC peaks are clearly visible in XRD graph, i.e., (111), (200), and (220). Similarly, Ho33 HEA showed single FCC phase with
prominent peak of (111). The diffracted planes that create the greatest intensities have the largest number of atoms with
the highest number of electrons in the unit cell of the investigated materials, according to the XRD reflection with
prominent peak intensity. It's also worth mentioning that simple phase zones may form in a multiprincipal alloy system,
which defies the phase rule. With the exception of temperature, this finding means that the concentrations of the many
components in these solid-solution phases may be changed within specific ranges while the single phases remain intact.
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Figure 4 XRD plot for a) Ho and b) Ho33 HEA

Thee XRD Plots for the H; and H3 samples are shown in Figure 5. The FCC phase sustained with three major peaks, i.e., (111),
(200), and (220). However, some BCC peaks appeared along with the FCC phase. The appearance of BCC peaks could have
contributed by increasing Al/Cr ratio, i.e., increasing Al content. It indicates that Al stabilizes the BCC phase due to which BCC
peaks appeared with the increase of Al/Cr ratio. With further increase of Al/Cr ratio, only single phase was observed as seen in
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the optical micrograph of He. This single-phase would be BCC phase which means that higher Al/Cr ratio results in domination
of BCC phase of FCC phase. There is a interesting effect of phases on corrosion behavior which is discussed in the next section.
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Figure 5 XRD plot for a) H1 and b) Hs; HEA

4. Conclusion:

In the present study, the Al/Cr ratio was varied in HEAs and its effect was analyzed on microstructure, phase, hardness, and
corrosion behavior. The main outcomes of the research work are stated as the Ho and Ho33 HEAs formed single FCC phase,
confirmed using XRD analysis. H; and Hz samples showed mixture of FCC and BCC phases.H. sample showed single BCC phase.
The hardness of HEAs increased with the increase of Al/Cr ratio due to high Al content which provided strengthening
mechanism.
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