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icrostructures of AlI10C025Cr8Fel5Ni36Ti6 high
in this study. To this end, the high entropy alloy

%., and homogenized microstructures were then investigated

Al10C025CrsFesNiseTis, USing optic @SEopY, scanning electron microscopy, and X-ray diffraction. On
Microstructure, the basisofitheagetical measurements, the mixing entropy, atomic size differences,
Homogenization and V& ectron concentration were obtained as 13.05 kJ/mol, 8.8, and 7.97,
respéctively” These values can predict the formation of a solid solution matrix as
th g/ of BCC + FCC and intermetallic phases. The as-cast microstructure

+ v’ in the dendritic zones and y'+ NiAl in the interdendritic areas. After

@wog ization, the dendritic structures were almost eliminated, and they became

Iscontinuous which is an indication of elements distribution homogenization. NiAl
phase was also omitted after the homogenization process.
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1. INT&DUCTION

The high entropy alloys are known as solid solution
alloys that contain 5-13 elements with the same or
almost the same atomic percentage (5-35%).
Owing to their high entropy, solid solutions with
several elements tend to be stable at high
temperatures. These alloys are characterized by
low diffusion rate, thus causing the formation of
nanometer precipitates and severe lattice distortion

due to the difference in atomic radii (Takeuchi et
al., 2014) (Ma et al., 2023).

AICoCrFeNi high entropy alloys have a variety of
eutectic microstructures including FCC and BCC
phases. Due to the presence of five elements, this
alloy is extremely non-uniform with dendritic
structure. Therefore, it requires high-temperature
homogenization, which in turn reduces the amount
of segregation to a desirable extent and eliminates
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the dendritic structure (Zeng et al., 2023) (Munitz
etal., 2016).

Heat treatment process is an integral part of the
industrial production components. New studies
(Yuan et al., 2023) (Shen et al., 2023) (Shi et al.,
2018) on high entropy alloys also confirmed the
need for further research in this field. Muntiz et al.
(Munitz et al., 2016) assessed the effects of
homogenizing temperatures on the microstructure
of AICoCrFeNi high entropy alloy. They found that
at 1200 °C for 3 hours, nano phases were
precipitated which in trun increased the elongation
of the alloy. Ghaderi et al. (Ghaderi et al., 2019)
revealed that Al0.5CoCrFeNi alloy had an FCC
dendritic structure with droplet BCC phase. The
BCC phases increased at 1100 °C in 24 hours of
homogenization. In addition, two other types of
nodular phase were also nucleated.
Homogenization provides the desired
microstructure for the annealing process, and the
subsequent aging leads to the development of the
service operation. The present study investigated
the microstructure of Al10C025Cr8Fel5Ni36Ti6
alloy.

2. METHOD
AlQ0.7CoCrFeNi alloy was melted in a Vacuum
Induction Melting (VIM) furnace under a vacuum
of 5x10“ Pa. The chemical composition of
alloy was measured using EDS (MIRA3 type)
analysis, the results of which are summayiz
Table 1. The alloy was

air. In order to study the mi
samples were polished and etch
10ml HNOs; + 10ml
microstructure was the

Olympus optical micros d |
electron microscopy eq

To apply Hu thery rules concepts to predict
SSp tion in complex alloys, the HEA
commupity Mas developed composition-weighted
terms differences in atom radii (dr) and

electronegativity (dc) and for an average Valence
Electron Concentration (VEC). Thermodynamic
considerations are reflected through ASpix.
Through the following equations, the values for
these parameters of the alloy can be obtained:

n

ASmix = —R Z Ci In Ci
i=1

ASmix =-8.314 (0.109 Ln 0.109 + 0.245 Ln0.245 +
0.076 Ln 0.076 + 0.147 Ln0.147 + 0.36 Ln0.36 +

0.06 Ln0.06) = 13.05 22
VEC =¥™ , C;(VEC)i

VEC = 0.109%3 + 0.245x9 + 0.076%6 + 0.147x8
+0.36x10 + 0.06x4 = 7.97

§ = 100 C (11— ‘/r)

r= 2?21 Ciri =15 \

= 100JZ c(1- 0[0 109(1 —
L 18)2 +0.245(1 — 076(1 -2 4
0.147(1 — 2_56‘0 149)2 +0.06(1—

176) ]_

ove calculations, the obtained alloy
e a high entropy alloy with FCC+BCC
utions. Since § = 8.8, the formation of
etallic phases like NiAl is probabl.

3-2. As Cast microstructure

Figure 1 shows the dendritic microstructure of the
Al;oCo25CrgFeisNiss Tis cast alloy. The alloy has
rough continuous dendrite after VIM and fine one
after VAR process.

Figure 1. OM microsture of
Al1Co25CrgFeisNiss Tis cast alloy after a) VIM and
b) VAR

One of the characteristics of the cast alloy is the
local segregation as a result of none equilibrium
solidification. Figure 2 shows the elemental
distribution of the alloys. This figure shows the Al,
Ni, and Ti segregation in the interdedritic and Fe,
Cr, and Co segregation in the dendritic regions.
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Figure 2. SEM micrograph and line scan
elemental analysis of Al1gCo25CrsFeisNissTig cast
alloy

Declining or deleting segregation that provides
diffusion condition during homogenization process
is required.

3-3. As homogenized microstructure

After homogenizing heat treatment, the amount of
interdendritic phases decreased as a result of Al
diffusion from dark to bright region and Fe, Co and
Cr diffusin from bright to dark one. The element
homogenization distribution is shown in Figure 4.
Microstructural —investigation shows that vy
precipitations is  also  formed ing
homogenization with the size of 273 nm a
volume fraction (Figure 4). According tg.th
diagram, when the alloy cools down ir@rnace,
the y' phase is precipitated belo . The
XRD analysis of the alloy under b s-cast and
homogenized condition pro ormation of vy’
and NiAl.  NiAl is deleted after
homogenizing (Figure

!

Figure 3. SEM micrograph and line scan
elemental analysis of Al10C025CrgFeisNizsTis
homogenized alloy at 1220 °C for 17 hr

4. CONCLUSION AND SUGGESTIONS

Al10C025Cr8Fel5Ni36Ti6 alloy with the
entropy of 13.05 kJ/mol is the high entropy alloy
with FCC+BCC solid solutions. Since § = 8.8, the
formation of intermetallic phases like NiAl is
probabl.

The cast alloy is composed of Fe,
dendritic and Ni, Ti, Al rich interde

The NiAl and y' phases were fo

Homogenizing occurred at % i
NiAl, and dlmlnlshed the d tic Structure as a
result of Ti, Ni, Al d| o the dendritic

region and Fe, Co, Cr,in dendritic region.
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Figure 5. XRD pattern of Al1oC025CrgFeisNissTie.
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