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1. Introduction

The high entropy alloys are known as solid solution alloys
that have 5-13 elements with the same or almost the same
atomic percentage (5-35%). Solid solutions with several
elements due to the high entropy tend to be stable at high
temperatures. It is remarkable that these alloys have low
diffusion coefficient, which causes the formation of
nanometer precipitates, and severe lattice distortion due to
the difference in atomic radii.

Al1gCo25CrgFeisNisg Tig high entropy alloy has superior
tensile strenght and elongation till 800 °C, even beter than
800H and Inconel 617 superalloys. Ultimate tensile
strenght and elongation of Ali;gC0o25CrsFeisNissTis alloy is
reported 400-600 Mpa and 12-30%, respectively.
Researches show that the microstructure of aged
Al1gCo25CrgFeisNissTig alloy is consist of orderd y' in y
matrix, FCC solid solution with acicular B2. It is reported
that after 1000 °C, y' precipitates dissolved and under 800
°C, the formation of brittle phases such as sigma and NiAl
is possible. Fe2Cr «Fe0.2Ti0.8 and Ni2AITi phases are
reported as a strenghten phases of AICrFeNiTi0.5 alloy.

Heat treatment process is an integral part of the
industrial production components. New studies on high
entropy alloys also show the need for further research in
this field. Most of the researches has been done on the field
of microstructure and mechanical properties of
Al10C025Cr8Fe15Ni36Ti6 alloy.

The production of this alloy and the improvement of its
properties can provide a basis for replacing these alloys
with superalloys and improving the performance of air
engines in various industries in the coming years.
AICoCrFeNiTi high entropy alloys in the field of high
temperature materials can fill the gap between steels and
nickel based superalloys (temperatures greater than 650
and less than 850 °C) at a lower cost.

2. experiments
Al1gCo25CrgFeisNissTig alloy was melted in a vacuum
induction melting (VIM) furnace under a vacuum of 5x10-

4 Pa and remelted in vaccum arc remelting (VAR). The
chemical composition of AIl0.7CoCrFeNi alloy was
measured using EDS analysis and the results are
summarized in Table 1. Samples of 1x1x1 cm3 were
homogenized at 1220 °C for 17 hr and furnace cooled till
950 °C and then air cooled. The ageing treatment were
done at 850, 900 anf 950 °C for 1, 2, 4, 8 and 16 hr. In
order to study the microstructure, the samples were
polished and etched in 10ml HCL+ 10ml HNO3 + 10ml
H20 solution. The microstructure was examined by
Olympus optical microscope and Vega-Tescan scanning
electron microscopy equipped with EDS analysis. The
phase analyzed using XRD with CuKa and lengthwave of
1.54 angstrom. The tensile tests were performed at 600
using Instron 8502 machine. The samples were prepared
according to ASTM 8.

Tablel. chemical composition of alloy.
Elements Ti Ni Fe Cr Co Al

Nominal composition (wt%)| 5.3 | 39.1 15.5 77 | 273 5

Nominal composition (at%)| 6 36 15 8 25 10
EDS results (wt%) 53 39.4 15.3 7.3 26.9 5.4
EDS results (at%) 6 36 14.7 7.6 245 | 10.9

3. results and discussion
The microstructure of the alloy aged at 850, 900 and 950
°C for 4 and 16 hr is shown in figure 1. The y’ phases are
seen in these figures. According to these microstructures
and the other ageing situatians, the ' precipitates size and
volume fraction calculated and measured as a function of
ageing times at different temperatures in figure 2 and 3.
As it is seen in figure 2, with increasing ageing
temperature and at all times, the volume fraction and size
of y’ decreased. For example, the volume fraction and size
for 8 hr ageing decreased from 60 Vol% and 338 nm at
850°C to 31 Vol% and 123 nm at 950°C, respectively. The
y'primary morphology is cubic which changed to square
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and semi-square like with increasing ageing time and
temperature.
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Figure 1. SEM images of Al1oCo25CrsFeisNizsTis high

entropy alloy aged at different temperatures and
times
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Figure 2: the variation of y’ size with ageing time at
different temperature.

The hardness of alloy is 314, 329 and 327 Hv at 850,
900 and 950°C, respectively. The results of tensile tests at
600°C are shown in table 2. The best high temperature
tensile properties of 840.9 MPa ultimate tensile strength
and 17.9 elongation obtained at 850 °C. According to these
results, 850°C for 8 hours is the best ageing conditions.
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Table 2- high temperature tensile tests at 600°C for
Al10Co25CrsFeisNizsTis alloy aged at different temperatures

Yield Ultimate tensile
Ageing Strength €1(%)
(MPa) (MPa) strength
850C°/8h 520.2 840.9 17.9
900C°/8h 573.5 828.8 17.6
950C°/8h 573.9 763.4 16.6
4.Conclusion

1. The highest obtaind volume fraction of y' was 60
Vol% at 850°C/8 hr ageing.

2. The y’primary morphology is cubic which changed
to square and semi-square like with increasing
ageing time and temperature.

3. Inthe

best microstructural conditions, the hardness

of alloy was 343Hv.

4. The highest amount of high temperature tensile
properties and strain at 850 °C were 840.9 MPa and
17.9, respectively obtained.
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Investigation the Effect of Ageing on Microstructure and Hardness of
Al10Co25CrsFe1sNiss Tis High Entropy Alloy

Ebrahim Yousefi Masumeh Seifollahi Seyed Mahdi Abbasi

Abstract The effect of ageing time and temperature on the microstructure and hardness of Al;Co,5CrsFeisNizsTis high
entropy alloys is investigated in this article. The alloy melted in vacuum induction melting furnace and purified using
vaccum arc remelting process. Then homogenized at 1220°C for 17 hours. Then sample aged at 850, 900 and 950°C for
1-16 hours and assessed using XRD and SEM. The microstructure is involved y'and NiAl precipitates and y matrix.
With increasing ageing temperature, the volume fraction and size of y’ decreased from 60 VVol% and 338 nm at 850°C to
31 Vol% and 123 nm at 950°C, respectively. The y'primary morphology is cubic which changed to square and semi-
square like. The hardness of alloy is 314, 329 and 327 Hv at 850, 900 and 950 °C, respectively. According to these
results, 850°C for 8 hours is the best ageing conditions. The best high temperature tensile properties of 840.9 MPa
ultimate tensile strength and 17.9 elongation obtained at 850 °C.

Key Words High Entropy Alloy, Al;oCozsCrsFeisNissTis, Gamma Prime, Microstructure, Hardness
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