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Hot deformation behaviour of AlCoCrFeNi,; eutectic high entropy alloy, consisting of fcc (CoCrFe-rich)
and BCC (NiAl-rich) phases is studied by generating contour maps of multiple models using high tem-
perature thermo-mechanical simulator compression test data. The workability regimes for thermo-
mechanical processing are identified as 1073—1150K and 103— 10225~ ! as well as 1338—1373K and
1073-10"12 5=, Finite element simulation has been used to study the strain distribution and material

flow during hot deformation, which assists for predicting actual material flow in forging process. Flow
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instabilities during hot forming has been avoided by adopting integrated approach.
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1. Introduction

The new alloy design concept of multicomponent high entropy
alloys (HEAs) was first christened by Yeh et al. [1] and subsequently
explored by many research groups in the last decade [2—8], owing
to their excellent properties. The research work on HEAs has
attracted significant attention due to its fundamental importance
as well as practical implications. It is experimentally often observed
that the multicomponent HEAs exhibit simple microstructure
consisting solid solutions of FCC and/or BCC phases, which are
attributed to the effect of alloying multiple elements in equiatomic
or near equiatomic ratio. The simple structure in HEAs are the
outcome of several core effects [9,10] such as high configurational
entropy, severe lattice distortion and sluggish diffusion [11,12]
which acts as a barrier for the formation of complex phases and also
slow down the kinetics of phase transformations. Yeh et al. [1] re-
ported the retention of strength up to 500 °C for the CuCoNiCrAlxFe
HEAs synthesized by casting and splat quenching. Senkov et al. [13]
developed refractory HEAs such as NbysMoysTaxsWos and
V,0NbyoMo3gTazgWog alloys and observed the good mechanical
properties at elevated temperature. The new class of
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multicomponent eutectic HEAs (EHEAs) [4,6,14—16] have also been
documented in the literature by different researchers; exhibiting
good high temperature strength. Over the last few years, a lot of
research work in the field of multicomponent HEAs has been car-
ried out by many research groups to design new class of multi-
component HEAs by judicious selection of elements and
composition to develop unique microstructural features so that the
designed HEAs can be considered as potential candidates for
possible structural and functional applications. Lu et al. [17] pro-
posed the concept of EHEAs in AlCoCrFeNi, alloy system, con-
sisting of fcc and NiAl-phase, which was followed by many research
groups [18—21] on the development of fully EHEAs by choosing
elements and composition judiciously. Jiang et al. [ 18] designed and
developed a series of fully eutectic microstructure in (CoCrFeNi)Mx
(M = Nb, Ta, Zr, Hf) alloy systems, namely, CoCrFeNiNbg 45, CoCr-
FeNiTag 4, CoCrFeNiZrg 5 and CoCrFeNiHfy 4 EHEAS, consisting of FCC
and Laves phases in the as-cast state. Jiang et al. [19] reported the
fully eutectic microstructure in CoFeNiVMoggs (i.e. L—
FCC + CoMoyNi) and CoFeNij4VMo (i.e. L— FCC + CoyMos) alloy
systems by systematically varying Mo and Ni concentration in
CoFeNiVMo HEA. It is reported [20] in open literature that CoCrFeNi
Nbg 45 EHEA consisting of FCC and Co;Nb type Laves phase shows
the good combination of compressive fracture strength of
2558 MPa and a fracture strain of 27.9%. Dong et al. [21] studied
AlCrFeNiMog, EHEA, comprised of AlNi-type intermetallic
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compound and FeCr-type solid solution which exhibits excellent
mechanical properties in terms of fracture strength of 3222 MPa
and plastic strain of 0.287. Therefore, an attempt has been made in
this direction to study the mechanical behaviour of new class of
EHEAs, consisting of solid solution phase and intermetallic com-
pound as a product of eutectics which can be used for high tem-
perature structural applications. EHEA system has been chosen in
the present investigation because of easy castability due to single
melting point of the eutectic alloy as well as the possibility of
achieving high strength due to lamellar morphology. It is also to be
noted that eutectic alloys exhibit high strength due to Hall-Petch
type relation [16] i.e. Oye=0Gope + kn Ae (=112). where Gye is the
yield strength of the material, o, is the friction stress, ky is Hall-
Petch slope, and 2. is the characteristic length in the eutectic i.e.
known as interlamellar spacing. It is reported [22] that inter-
lamellar spacing () is directly related to diffusion coefficient (D)
i.e. the value of A decreases with low value of D. It is also
mentioned in the open literature [12] that diffusion is sluggish in
multicomponent high entropy alloys. Therefore, the EHEAs show
high strength because of low value of the characteristics length (1)
of eutectic.

The present study of hot deformation behaviour and processing
map of multicomponent AlCoCrFeNiy; EHEA was motivated by
previous study pertaining to room temperature as well as high
temperature mechanical properties of EHEA [17]. The objective of
the present investigation is to identify the optimum thermo-
mechanical processing (TMP) conditions of AlCoCrFeNiy; EHEA by
generating contour maps using multiple parameters. The strain
distribution and material flow behaviour during deformation has
also been understood by using finite element method (FEM).

1.1. Experimental details

High purity commercial metals, namely Al, Co, Cr, Fe and Ni
(>99.9%) were used as the starting materials. AICoCrFeNi, ; eutectic
high entropy alloy (henceforth referred to as EHEA) was synthe-
sized by arc melting under ultra-high purity argon gas on water
cooled copper hearth to obtain arc melted alloy button. The arc
melted alloy button was subsequently suction casting into a water-
cooled split Cu-mold to obtain cylindrical rod having 6 mm diam-
eter and aspect ratio of 13:1. The structural characterization of
studied high entropy alloy was carried by X-ray diffraction (XRD)
(Panalytical X-pert pro® instrument) with Cu-K,, (A = 0.154056 nm)
radiation, operating at 45 kV and 30 mA, with step size of 20 = 0.017
deg. The peaks in the XRD pattern were identified using Interna-
tional Committee for Diffraction Data (ICDD) database in
PCPDFWIN® software. The microstructural characterization of the
samples was examined using the scanning electron microscope
(Inspect F®) equipped with an energy-dispersive spectroscopy
(EDS) and transmission electron microscope (TEM, FEI G*® with
high-resolution capabilities). The thermal characterization of the
HEA was carried out in argon atmosphere at heating rate of 20 °C/
min. using differential scanning calorimetry (DSC) (Netzsch® STA
409). Isothermal hot compression tests of the cylindrical samples
(¢ =6 mm and aspect ratio of 1.5:1) were carried out using Gleeble
3800® thermo mechanical simulator at different deformation
temperatures of 800 °C (1073 K), 900 °C (1173 K), 1000 °C (1273 K),
1050°C (1323 K) and 1100 °C (1373 K) with constant strain rates of
0.001, 0.01, 0.1, 1 and 10 s~ 1. A graphite sheet was kept at both ends
of specimen and anvil along with Ni paste to ensure sufficient
lubrication in order to avoid frictional effect during deformation.
The cylindrical specimen was deformed to approximately 50%
reduction in the height and was quenched with distilled water to
freeze the microstructure at the testing temperature. The deformed
specimen microstructural analysis was done along the compression

axis.
1.2. Simulation details

High temperature deformation process was simulated using
commercial SIMUFACT® FEM software. Simulation process was
carried out at different temperature and strain rate conditions. The
average strain rate was achieved by controlling the stroke velocity
and time for deformation. Simulation was carried out using quad-
rilateral element with size of 0.025 mm and assumed 2D-axisym-
metric condition. Isothermal condition was used. Material
mechanical properties are taken from the stress strain curves ob-
tained from the flow stress test conducted at high temperature in
Gleeble®. All other properties including thermal properties are
calculated using rule of mixture criteria. Shear friction condition
with an interface friction factor of 0.5 was used for frictional con-
dition in between the die and the work piece. Material flow pattern
with flow vectors is established. The strain field distribution inside
the material during deformation is studied and correlated with the
micro-hardness value.

2. Results and discussion
2.1. Structural characterization

The XRD pattern of multicomponent EHEA is shown in Fig. 1a.
The XRD pattern shows the intense diffraction peaks corresponding
to fcc solid solution phase (o) and intermetallic compound NiAl-
phase.

2.2. Microstructural characterization

2.2.1. Scanning electron microscopic (SEM) observation

The detailed microstructural characterization of multicompo-
nent EHEA was carried out using back scattered electron (BSE)
imaging mode in SEM. However, the representative SEM micro-
graph of the studied EHEA is given in Fig. 1b to decipher the
different phases in the microstructure. The different phases in the
microstructure of the studied EHEA are marked based on the
compositional analyses using EDS coupled with SEM. The micro-
structure of multicomponent EHEA reveals the presence of 100%
eutectic microstructure at different length scale and is found to be
consisting of CoCrFe-rich and intermetallic compound NiAl-rich
phases.

2.2.2. Transmission electron microscopic (TEM) observation

The detailed TEM investigation of the studied multicomponent
EHEA has been carried out to decipher the phases formed as well as
the size and distribution of phases in the microstructure. However,
the representative TEM micrographs of the studied EHEA is given
here. The TEM bright field micrograph and corresponding selected
area diffraction (SAD) pattern of the EHEA (shown in Fig. 2a) reveal
the presence of eutectic microstructure at different length scale. It
is clearly found that the phases in the microstructure are identified
as BCC (NiAl-type) phase and FCC phase.

2.3. Thermal characterization

Differential scanning calorimetry (DSC) study was done in argon
atmosphere in the temperature range of room temperature to
1500 °C at heating rate of 20 °C/min (Netzsch® STA 409). DSC curve
(as shown in Fig. 2b) reveals the presence of one endothermic peak
at 1362 °C, indicating the melting temperature of the studied
multicomponent EHEA and also showing no other phase trans-
formation in this temperature range.
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Fig. 1. (a) XRD pattern of as-cast AlCoCrFeNi,; EHEA and (b) BSE-SEM micrograph of as-cast AlCoCrFeNi,; EHEA.

3. Mechanical behaviour of multicomponent EHEA

The uniaxial true stress-strain curves of the multicomponent
EHEA has been obtained for the suction cast cylinder with diameter
(¢) =6 with aspect ratio of 1.5:1 at different temperatures and at
different strain rates.

3.1. Flow behaviour of EHEA

The uniaxial true stress-strain curves of the suction cast
(¢ =6 mm and aspect ratio of 1.5:1) EHEA has been obtained at
different temperatures 800 °C (1073 K), 900°C (1173 K), 1000°C
(1273 K), 1050 °C (1323 K) and 1100 °C (1373 K) and different strain
rates (i.e. 1073,1072, 10711 and 10 s~!). The true stress () — true
strain (¢) plot of the EHEA obtained at different deformation tem-
perature (T) and constant strain rate (¢) is shown in Fig. 3. It is
important to note that at a given strain rate (¢), the flow stress of
the material decreases with increase in temperature, whereas for a
given temperature, the flow stress (o) of material increases with
increase in the strain rate which is consistent in all the observed
test conditions. It is observed from Fig. 3 that the flow stress of the
studied EHEA reaches the yield point, followed by softening. It has
also been observed that the true stress and true strain curves are
significantly influenced by the temperature and strain rate.

4. Modeling of flow curves: constitutive equations

The flow stress of a particular material (o) is correlated with the
strain (e), strain rate (¢) and temperature (T) by means of the
constitutive equations. The constants in the constitutive equations
are derived from the test data and validated with the experimen-
tally determined values.

4.1. Determination of activation energy (Q)

The activation energy (Q) is the physical parameter, which sig-
nifies the plastic deformability. The Q-value can be calculated as
follows.

The power law equation is given by

¢ =A,0" exp{;—ﬂ (1)

Taking logarithm of both sides of power law equation (1), we get

Q

logé = logA + nlogo — 5303RT (2)
After differentiating equation (2), we get
alogé} ologo
= 2.303R 3
o -2aom(Gee) (o | 2
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Fig. 2. (a) TEM micrograph of as-cast AlCoCrFeNi,; EHEA and (b) DSC plot of as-cast AlCoCrFeNi,; EHEA.

The first term g}gg; on the right side of equation (3) refers to the

slope of logé vs logo at different deformation temperature T,

gl(?/gr‘; refers to the slope of logo and VT at

whereas the second term

different strain rate (¢).

The activation energy (Q) for the multicomponent EHEA has
been calculated at a strain of 0.6. The plot between logé and logc at
different deformation temperature T and logo and Vr at different
strain rate (¢) are shown in Fig. 4a and b respectively. It is found that
the activation energy for the studied multicomponent EHEA is
~306 kJ/mol and the stress exponent value is ~5.6. Therefore, the
constitutive equation which describes the flow stress of the
multicomponent EHEA as a function of ¢ and T at strain (¢) of 0.6 can
be written as:

& ~ 6>8 exp (7303}72) (4)

However, it is important to note that this constitutive equation
for the studied EHEA describes the correlation between the strain
rate and the stress within the temperature range 800—1100 °C. This
activation energy is comparable to the commercial alloy such as
Ti—6Al—4V consisting a-phase microstructure (i.e. Q ~265—370k]/
mol) [23]. It is important to note that all elements in HEAs are
assumed to be substitutional solutes and hence are thought to be
one of the possible factor for the serrations in the flow curve of the
present studied EHEA.

5. Generation of processing map

The processing map can provide information about the opti-
mum deformation condition and to describe the flow instability
domains. The investigated EHEA is subjected to plastic deformation

at different temperatures and strain rates to understand the
deformation behaviour and develop processing map, a guide to
thermomechanical processing. The deformation processing map for
the EHEA has been generated using dynamic material modeling
(DMM) which is applicable to the materials characterized by dy-
namic, nonlinear and irreversible phenomena [24—26] to under-
stand the flow behaviour of the material under hot working
conditions. The mechanical behaviour of the materials is charac-
terized by the constitutive equations, which relate the flow stress
(o) to strain (&), strain rate (¢) and temperature (T). The DMM has
been used to construct the processing maps i.e. superposition of the
efficiency of power dissipation (1) and instability parameter £(¢) of
the investigated EHEA. This model assumes that the total instan-
taneous power absorbed by the work piece from the equipment is
divided into two complimentary parts G and ] which are given as;
dissipater content G i.e. temperature rise because of the power
dissipated through the plastic deformation and the dissipater co-
content ] is attributed to the microstructural change through
various metallurgical processes. The total power absorbed P can be
expressed as:

€ g
P:Gé:/cdé+/éd0:G+J (5)
0 0

The ratio g—‘é’ is equivalent to the strain rate sensitivity parameter
(m) i.e. the ratio of the power attributed to metallurgical changes to
the total plastic deformation. This is given by the following
equation:

_do_/d] _ (dlnc
-5 (ac),., (). ©)




M.R. Rahul et al. / Journal of Alloys and Compounds 749 (2018) 1115—1127

—800°C

- 900°C

—1000°C
-1050°C

Strain rate = 0.001s"

-200 1100°C
s
= asd
i,

Stress (MP3)

1119

Stralnrate =0.01s' ——800°C
900 °C
40d —— 1000 °C
1080 °C
1100 °C
= 300
<
§ -20d
w

Stress (MPa)

.Y

Stress (MPa)

Strain rate = 108"

—800°C
900 *C
e 1000 °C
— 1050 "C
— 1100 °C

07

T3 T TS %

Strain

Fig. 3. True stress vs strain plot of as-cast AlCoCrFeNi,; EHEA at strain rate of 0.001, 0.01, 0.1, 1 and 10.

For an ideal linear power dissipater, m =1 and J;,,x = o¢/2.Fora
non-linear power dissipater, the efficiency of power dissipation is
given by the following equation:

] 2m
Jmax m+1

(7)

n

where m is the strain rate sensitivity parameter. This is an

important material property which can affect hot workability of
material.

The variation of power efficiency (1) with strain rate (¢) and
temperature (T) constitutes the power dissipation map, which
represents the power dissipation by the material through different
metallurgical processes such as dynamic recovery, dynamic
recrystallization, superplasticity etc. The condition for instability
[21] can be defined:
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I
e [—an(m/m“) +m<0 (8)

8e) = alné

where §(¢) is a dimensionless instability parameter and m is the
strain rate sensitivity parameter. It has been reported [26] that the
instability criterion (i.e. 2m <n <0) and stability condition (i.e.
0 <n <2 m) during hot deformation are valid for any type stress-
strain curve. The instability parameter, §(¢) describes the flow
behaviour of the material changes with the strain rate (¢) and
temperature (T) and hence constitute the instability map, delin-
eating unstable and stable hot working conditions in the defor-
mation processing map. Besides, the DMM also recommends the
following criteria for stable plastic flow, i.e., the material flow is
homogeneous during deformation,

O<mx<1 (9)
m<0 (10)
s>1 (11)
s=<0 (12)
where ¢ = flow stress, T =temperature in K, £ = strain rate, m =
0
mo'ge
s_élnaand.s_ 0s
o) ~ ologé

The variation of the instability parameters such as m, s and (&)
as a function of temperature and strain rate constitute the insta-
bility maps. These maps provide regions of stable plastic flow or
homogeneous deformation and the unstable flow or inhomoge-
neous deformation [27,28]. The unstable plastic flow or inhomo-
geneous flow of materials often results in formation of cracks and
leading to fracture of materials during deformation. From the point
of view of forming of materials and during the service as stressed
member, these regions of unstable plastic flow or inhomogeneous
flow of materials should be avoided to restrict the failure of
material.

Figs. 5 and 6 shows the isoefficiency contour and instability
maps generated, the DMM stability parameters such as strain rate
sensitivity of the flow stress (m), rate of change of strain rate

sensitivity with respect to strain rate (1), temperature sensitivity of
flow stress (s) and rate of change of temperature sensitivity of flow
stress with respect to strain rate ($) at true strains of e = 0.05 and
0.60 respectively; implying the different deformation mechanism
at various combinations of temperatures and strain rates. The
instability is generally characterized by the presence of cracks,
localized plastic flow or adiabatic shear banding in the micro-
structure. Macroscopically, excessive bulging is also observed dur-
ing the deformation under compressive loading conditions, diffuse
necking in tensile loading and non-uniformity in axial and radial
strain in the case of torsional loading and these are related to the
geometry of the test samples. It has also been observed that these
DMM stability parameters are unable to predict these geometries
related instabilities [29] and the phenomenological criterion i.e. the
flow localization parameter proposed by Semiatin and Jonas [30,31]
predicts well about these geometries related instabilities. It is
observed that the present studied EHEA is stable at high value of
true strains for various combinations of deformation temperatures
and strain rates. Fig. 5 (a) and 6 (a) reveal that at the stain of 0.05
the process efficiency is about 30% at 1200 K and at the strain rate of
1072 s~ ! and the efficiency increases with the increase in strain. In
the regions where the process efficiency is higher (more than 30%)
the microstructure of the deformed samples is free from any cracks.
The instability regions predicted by £(¢) are marked as shaded re-
gions in Fig. 5 (a) and 6 (a). At stain of 0.05 there are two regions of
instabilities i.e.one in the temperature range 1073 K to 1200K at
strain rate above 1072 s~! and the other is in the temperature range
1300K to 1373 K at strain rate above 1 s~ . As strain increases to 0.6
these instability regions widened and merged. In general, the
instability occurs at stain rates above 1 s~! as indicated in Fig. 6 (a).
The parameter m predicts that there is no instability in the inves-
tigated temperature and strain rate regimes and there is no change
in predictions with the increase in strain. The stability regions
predicted by the other two parameters m and s are indicated in
Figs. 5 (c) and 6 (c) & 5 (d) and 6 (d) respectively as hatched areas.
These two parameters predict only narrow regions of instability
and the effect of stain on the prediction of instability regions is
small. The stability regions predicted by the parameter s at strain
levels of 0.05 and 0.6 are indicated in Fig. 5 (e) and Fig. 6 (e)
respectively as hatched areas. The prediction by the parameter s is
strongly dependent on strain and the flow is tending to stable as
strain increases. The predictions are in general coinciding with the
predictions of processing efficiency parameter, £(¢) (Figs. 5 (a) and 6
(a)). It is to be noted that the parameters, £(¢) and s are functions of
both temperature and strain rate and taking care of synergetic
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Fig. 5. (a) Processing map at 0.05 strain, (b) Strain rate sensitivity, (c) m, (d) s and (e) $

effects of temperature, strain and strain rate. To summarize our
observation using DMM processing and instability maps, it has
been observed that the material exhibits stable plastic flow in the
temperature range 1073—1150K and 10~3— 10722571 as well as
1338—1373K and 103—10""% s, that are normally envisaged for

engineering applications at high temperatures.

6. Microstructural analysis of the deformed samples

The microstructural characterization of the investigated
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deformed EHEA at different strain rates and temperatures was
carried out to correlate with the observations drawn from the
deformation processing maps. The microstructure of deformed

Fig. 6. (a) Processing map at 0.6 strain, (b) Strain rate sensitivity, (c) m, (d) s and (e) $

sample at last stage of deformation at different combination of
strain rates and temperatures is shown in Fig. 7 and correlated with
different regimes in deformation processing maps. The detailed
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Fig. 7. Shows SEM BSE images of deformed sample at (a) 0.001 @800 °C, (b) 0.001@ 900°

microstructural analysis of the deformed specimens indicates
uniform distribution in the stable regime, whereas adiabatic shear
banding or localized plastic flow, pores etc. in the microstructure
are characteristics of the deformed specimen in the unstable
regime. It is also to be noted that the macroscopic cracks are
observed at the centre of the sample regions at above 1050 °C and

.

C, (¢) 0.001@1000°C and (d) 10@1000 °C.

lower strain rate of 0.001 which may be attributed to the dead
metal zone meeting. Fig. 1S (Refer to Supplementary file) shows the
effective stress variation with respect to stroke at four different
positions (1, 2, 3, and 4). Point 1 is at centre of the sample and other
points are away from the centre and point 4 at the surface. It is clear
from the plot that at the centre position the stress was increasing
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Fig. 8. The geometry for FEM simulation.
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Fig. 9. Simulated plastic strain field distribution at different strain rate at 1000 °C.

after a particular amount of stroke movement, this is attributed to
the dead metal zones meeting at centre. It is to be noted that the
macroscopic crack at the high efficiency regimes (>1323K) is
attributed to the geometrical reason rather than metallurgical ef-
fects. Therefore, multicomponent EHEAs consisting of both solid
solution phase and intermetallic compound in the eutectics can be
considered as potential candidates for high temperature structural
applications.

7. FEM simulation

Hot deformation process was simulated using FEM simulation
package at different temperatures and strain rates condition. The
geometry for FEM simulation is given in Fig. 8. The experimental
stress-strain data obtained from Gleeble 3800® thermo-mechanical
simulator at different combination of deformation temperatures
and strain rates was used to simulate the hot compression process.
The contour map (shown in Fig. 9) indicates the strain field dis-
tribution of sample after 50% deformation. It is clear that the strain

field within the sample varies according to the stain rate as well as
temperature. In all cases, the material is highly strained at the
centre and the flowability was less near contact area due to friction
as expected. The inhomogeneity within the sample can be clearly
verified with the help of FEM simulations. The material character-
ization for the correlation of processing map is carried out by
considering the strain field distribution obtained from FEM simu-
lation. Effective strain field shows largest strain occurring at low
strain rate condition at the centre of the sample.

Fig. 10 (a) shows the material flow vectors during compression
of sample at strain rate 10 s~ ! and at 1000 °C (axisymmetric section
was taken). Here the upper die is moving and lower die is stationary
analogous to left and right rams of hydrawedge® module in Glee-
ble®. The material flow vectors show high magnitude at the moving
die side and lower magnitude at the stationary side. From the flow
pattern, it is observed that the flow of material occurs in the
perpendicular direction of ram movement which is one the factors
for barreling. The material flow behaviour can be used to predict
the final shape of the formed material. Fig. 10 (b) shows the



M.R. Rahul et al. / Journal of Alloys and Compounds 749 (2018) 1115—1127 1125

Blaterial Mow
s

28.916
83,359
72244
61130
50015
38.901
27.786
16.672
5557
0.000

Max. 88016
Kin. DU

50 % deformation

25 % deformation

Fig. 10. (a) Material flow behaviour during high temperature compression (10 strain rate@1000 °C), (b) Comparison of geometry after compression for 10 strain rate@1000 °C.

comparison of actual sample (central cross section) compressed at
strain rate 10 s~ 'and at 1000 °C after deformation. Fig. 11 shows the
comparison of true stress vs. stroke behaviour at strain rate10
s~land at 1000 °C at point in the deformed sample. It is found that
the simulated true stress vs. stroke curve differs from the corre-
sponding experimental curve which may be due the effect of bar-
reling. The difference between experimental and simulated results
is minimized by modifying the material model parameters so that

the regression coefficient (R%) between simulated true stress vs.
stroke curve and corresponding experimental curve is greater than
0.99. The micro-hardness distribution at strain rate 10 s~' and
1000 °C is shown in Fig. 12, which confirms the strain field distri-
bution pattern inside the sample. Minor deviations in microhard-
ness data from the expected trend could be attributed to the
possible effect of dead metal zone. By a combination of thermo-
mechanical simulation, deformation instability analysis and FEM
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simulations, this study thus opens an integrated approach to obtain
stable microstructures in a final component of emerging high en-
tropy alloys through high temperature deformation.

8. Conclusions

The hot working characteristics of the multicomponent
AlCoCrFeNiy; EHEA have been investigated through compressive
tests in the temperature range 800—1100 °C with the strain rate
varying from 103—10" s~ 1. The following conclusions can be drawn
based upon the results obtained in the investigated multicompo-
nent EHEA:

The average activation energy calculated using power law
equation is ~306 kJ/mol and stress exponent value is ~5.6.

The optimum thermo-mechanical window is 1073—1150 K and
strain rate 10~ — 10722 s~! as well as in the range 1338—1373K
and 1073-10712 571

FEM model coupled with thermomechanical simulation using
Gleeble® establishes the strain field distribution and material flow
pattern at different conditions.
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Appendix A. Supplementary data

Supplementary data related to this article can be found at

https://doi.org/10.1016/j.jallcom.2018.03.262.
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