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Multicomponent Co;sFe;5MnsNiysTing eutectic high entropy alloy (EHEA), synthesized by vacuum arc
melting followed by suction casting method resulted in two types of solid solution phases (fcc CoFeNi-
rich (&) and bec Ti-rich (B)) and Tiz(Ni, Co) type Laves phase. The hot deformation behaviours have been
investigated at a temperature ranging from 1073 to 1273 K and different strain rates (10~3,1072,10 'and 1
s~1). The optimum hot workability conditions of EHEA lies in temperature range 1073—1273 K and strain
rate range 1073 s71-10716 s~1 as well as temperature 1130—1225K and strain rate 10~%>-1 s~ The
constitutive relation is established to understand the plastic deformability at high temperature. Finite
element simulation has also been used to predict the deformation behaviour during the hot working
process.
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1. Introduction

Recently, multicomponent high entropy alloys (HEAs) have
attracted increasing attention because of their unique microstruc-
tures with different composition and excellent mechanical prop-
erties. HEAs are composed of five or more than five major elements
in equal or nearly equal atomic percent (at. %) and/or some other
minor elements [1]. Generally, Eutectic HEAs (EHEAs) are described
as solid solution phase with other secondary phases to obtain good
mechanical properties [2—6]. EHEAs show superior properties such
as high strength and ductility, creep resistance, good microstruc-
tural stability at high temperature, possess excellent mechanical
properties, have good castability and hence can be considered as
potential candidates for high-temperature applications [7]. The
mechanical properties of EHEAs are attributed to Hall-Petch
mechanism. In multicomponent EHEAs, the characteristic length-
scale is observed to be very small and the strength is high due to
refinement of eutectic lamellae [8]. Hall-Patch equation for eutectic
alloys is defined as oye = Gie + K A /2 where the oye is the yield
strength of the material, Gje is the friction stress, A is the inter-
lamellar spacing of the eutectic microstructure and K is the hall
patch slope [8].
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In the case of single-phase HEAs, there is a problem associated
with the balancing of strength and ductility. Further, single-phase
HEAs with fcc structure, good ductility is obtained but not
adequate strength whereas single-phase bcc HEA materials show
good strength and low ductility [9—12]. Thus to solve this problem,
researchers are now working in the way of designing composite
HEAs to achieve an optimum combination of strength and ductility.
The processing of metals and alloys are always accompanied by a
different hot working process such as rolling, forging and extrusion.
Therefore, it is of great significance to investigate the hot defor-
mation behaviour of high entropy alloys under hot processing
conditions. The activation energy value is used mainly to find the
predominant mechanism during hot deformation [13—15]. Hence,
several reports have been devoted so far to calculate activation
energy for the hot deformation of different alloys. Because activa-
tion energy depends on the resistance to plastic deformation,
which is estimated by using different flow equation, involving the
response of flow stress, deformation temperature and strain rate
[16]. It is reported in the literature [14] that the addition of minor
elements such as Nb, V and Ti in the commercial alloys increases
the activation energy. In the present study, the non-equiatomic
EHEA is designed to contain Ti as one of the elements and the in-
crease in the activation energy of the system is perhaps expected
and hence can be used for thermomechanical processing of mate-
rials at high temperature. Reyes-Calderén et al. [16] also found that
the activation energy of the different multicomponent alloy


mailto:sumanta@iiti.ac.in
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jallcom.2019.153609&domain=pdf
www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jalcom
https://doi.org/10.1016/j.jallcom.2019.153609
https://doi.org/10.1016/j.jallcom.2019.153609

2 R. Jain et al. / Journal of Alloys and Compounds 822 (2020) 153609

systems which is controlled by the mechanism of dynamic recovery
(DRV) and dynamic recrystallisation (DRX).

In the current study, The hot deformation behaviour and pro-
cessing map of CoysFessMnsNiysTing EHEA were motivated by the
previous study on Phase evolution and mechanical behaviour of
Co—Fe—Mn—Ni—Ti eutectic high entropy alloys [17]. The objective
is to identify the optimum thermomechanical processing (TMP)
condition of EHEA by generating the contour plots using different
parameters as well as to determine the activation energy through
kinetics analysis. Further, the finite element method (FEM) simu-
lation has been carried out based on the experimental conditions to
identify the plastic strain variation within the sample.

1.1. Experimental details

High purity elemental forms of Co, Fe, Mn, Ni, and Ti (purity
level > 99.7) were used as starting material. The non-equiatomic
CoysFexsMnsNipsTiyg alloy ingot is prepared by vacuum arc
melting cum suction castings method under argon gas (with ultra-
high purity level 99.999%) in the water-cooled copper hearth plate.
For melting, TIG torch with non-consumable W-electrode was
used. The material ingot is melted 5—6 times to attain the chemical
homogeneity. Bruker D2 phaser X-ray diffractometer with CuKa
(A = 1.54056 A) radiation, operating at 45 kV and 30 mA, with a step
size of 20 = 0.017° is used for structural characterization of studied
EHEA. The microstructural characterization and composition
analysis of constituent phases of studied non-equiatomic EHEA
were done using the scanning electron microscope (INSPECT F SEM
coupled with Oxford INCA 300 X-ray energy dispersive
spectrometer).

To understand the hot deformation behaviours of EHEA at high
temperature and different strain rates Gleeble@3800 thermo-
mechanical simulator with hydrawedge module is used to
perform isothermal hot compression tests. Specimen used is rod-
shaped (@ = 6 mm and an aspect ratio of 1.5:1). The uni-axial hot
compression tests were performed at the temperatures, i.e. 800 °C
(1073 K), 900 °C (1173 K) and 1000 °C (1273 K) nominal strain rates
0f0.001, 0.01,0.1 and 1 s~ . Graphite sheet, along with Ni paste, was
used between sample ends and anvil to reduce friction during hot
compression. Before compression test, all the specimens were
heated at a heating rate of 5 K/s from room temperature to the
desired hot-working temperature and held there for 5 min to reach
homogeneous temperature distribution throughout the entire
specimen. It is to be noted that all the hot compression tests were
carried out under an argon atmosphere. The samples were sub-
jected to a 50% reduction in the height and then immediately water
quenched to room temperature to maintain its deformed micro-
structure. The flow curve (true stress-strain) information was
recorded for all strain rates and deformation temperatures during
the process of hot compression. Subsequently, Microstructural
analysis of the deformed samples was carried out along the
compression axis.

1.2. Thermodynamics simulation

The CALculation of PHAse Diagram (CALPHAD) approach is the
foundation of materials design, and recognising the full potential of
HEAs needs such computational tools to optimise alloy parameters
within the complication of the HEA composition space [18]. It is a
robust tool to estimate the thermodynamic properties of the multi-
component system, by extrapolating the existing lower order sys-
tem with efficient manner. Details of the algorithm in thermody-
namic simulation:

o Firstly, extrapolate the Gibbs free energy of the existing lower
order system and then for a higher-order system by using a well-
established model such as Muggianu’s method [19], Kohler’s
method [20], Toop’s method [21] etc.

e Secondly, CALPHAD method considering the Gibbs energy of all
phases and reduces the total Gibbs free energy of the system. For
multi-component system, total Gibbs free energy of a phase
given by the equation:

G =G + Gl 4 G

Where the G® is the standard Gibbs free energy of the mechanical
mixing of constitute phases, G9€? is the Gibbs free energy of mixing
of ideal, GE is the excess free energy.

o Finally, the stable phases in the multicomponent system ob-
tained by the mjnimisation of total Gibbs free energy of the
systemie. G= Y [n; G‘I’]] [22] should be minimum, where the
n; amount of pHases and G? is Gibbs free energy.

Nowadays, for the study of HEAs well established CALPHAD
based software packages such as Thermo-Calc®, FactSage® [23],
Pandat® [24] are available and extensively used [25].

In the present study, the thermodynamic simulation of the
studied EHEA has been carried out using ThermoCalc® software
with TCHEA2® database to understand the solidification pathways.
The phase formation during the solidification is generally under-
stood by two classical solidification models such as Lever rule and
Gulliver-Scheil models [26]. Lever rule model of solidification as-
sumes the complete mixing of solutes in liquid as well as solid,
which predicts the equilibrium solidification pathways. The solute
balance equation in Lever rule model for equilibrium solidification
can be expressed as C; = ﬁ [26]; While in Gulliver-Scheil
model, the redistribution of solute during the solidification is
described by considering no diffusion in solid, complete diffusion in
liquid and the local equilibrium at the interface. Also, at the solid-
liquid interface, the liquid concentration expressed as
C = G(1 — fs)*"1 [26]; where C; is the initial liquid concentration,
K is the equilibrium partition constant and fs is a solid fraction.
Therefore, Gulliver-Scheil model is considered as a suitable model
for predicting phase evolution during non-equilibrium solidifica-
tion because of limited diffusion of solute in solid [27].

1.3. FEM simulation

The simulation of the hot deformation process was done using
ABAQUS software at different deformation temperatures and strain
rates conditions. By governing the loading velocity and time, the
average strain rate is achieved for hot deformation. The simulation
was performed using a quadrilateral element with mesh size
0.25 mm and assumed the 3D model. The meshing of the model of
hot deformed EHEA cylinder was done in ABAQUS FE tool with
C3D8R elements. Adaptive mesh control manager in ABAQUS/
Explicit method was performed due to the substantial deformation
expected during the process, maintaining the high quality of the
mesh and hence reduces the chances of mesh distortion during the
analysis. The mechanical properties of materials different temper-
ature from flow curves obtained from the Gleeble®. The properties
which are not available from flow curves, together with thermal
properties, are calculated using the rule of mixture. The properties
of EHEA such as density, Young’s modulus, Poisson’s ratio, thermal
conductivity, shear modulus and coefficient of thermal expansion
are 7.6954 gm/cm?, 188.1 GPa, 0.225, 72.285 W/m-K, 107.755 GPa
and 1.2355x10° K! respectively. The finite element simulation of a
hot compression test of EHEA was carried out using an interface
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friction factor of 0.5 between the die and the workpiece interface.
The effective plastic strain field during plastic deformation is
established.

2. Result and discussion
2.1. Thermodynamic analysis by CALPHAD method

The thermodynamic simulation is done for the prediction of
phases which are developed in HEAs during solidification by using
ThermoCalc® software (thermo-Calc Software, salona, Sweden)
with TCHEA2® database. Fig. 1(A) shows the amount of phases Vs.
Temperature and Fig. 1(a) temperature Vs. mole fraction of solid,
indicting the solidification pathways of Co,sFe;5Mns5Niy5Tizg EHEA.
It is important to note that FCC_L12, FCC_L12#2, FCC_L12#3,
BCC_B2, C14_laves are observed to form directly from the liquid
phase. While SIGMA, BCC_B2, Ni3Ti_D024, C15_laves phases are
formed during solid-state transformation.

2.2. Structural analysis

The XRD pattern of CoysFey;sMnsNiysTing multicomponent
eutectic high entropy alloys is shown in Fig. 1(b). The XRD plot
indicates the presence of BCC phase (B), FCC phase (o) and Tiy(Co,
Ni) type laves phase. It is to be noted here that all predicted equi-
librium phases are not observed in studied EHEA, which is attrib-
uted to the high cooling rate achieved during the non-equilibrium
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solidification processing of EHEA.

2.3. Microstructural characterization

The microstructural characterization of EHEA is carried out by
FESEM with backscattered electron mode (as given in Fig. 1(c)). The
different phases present in studied EHEA are marked based on the
elemental analysis using EDS attached with FESEM. The micro-
structure shows a solid solution phase having Ti-rich with black
contrast (B), Fe—Co—Ni-rich with bright contrast (a) and Tiz(Co, Ni)
type Laves phase with grey contrast. It is to be noted that the Ti-rich
phase (B) is bounded by Ti(Co, Ni) type Laves phase, signifying
peritectic reaction. It is found that peritectic reaction occurs be-
tween bcc Ti-rich (B) and liquid phase to yield secondary fcc
CoFeNi-rich (o) phase. While the eutectic reaction occurs between
fcc CoFeNi-rich (o) phase and Tiy(Ni, Co) type Laves phase.

3. Mechanical properties of multicomponent EHEA
3.1. Flow behaviour of hot compressed materials

During hot-compression tests, the Stress Vs. Strain plots at
different temperature and strain rate are given in Fig. 2. Further-
more, it is observed that the stress increases with an increase in the
strain rate and decreases with increase in temperature [28]. During
the hot deformation, mainly two mechanisms such as strain
hardening and softening plays a vital role. Before the maximum
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Fig. 1. (A) Amount of phases with temperature diagram, (a) Scheil’s Solidification Pathway (b) XRD plot and (c) SEM micrograph of Co,sFe;5sMnsNi,sTizg EHEA.
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Fig. 2. True stress-strain plot for CoasFe;sMnsNi,sTizg EHEA at different temperature (K) and strain rate (s~'), (a) 0.001, (b) 0.01, (c) 0.1. (d) 1.

stress is reached, the dislocation density increases multiplies
significantly, and hence the flow stress increased rapidly with in-
crease in strain at a particular temperature and attains the
maximum. Furthermore, after peak stress, the softening process
becomes dominant, and hence the stress falls with increase in
strain at a fixed temperature [29—31].

3.2. Constitutive equation and calculation of activation energy and
materials constant

The constitutive equation is the correlation of true stress,
deformation temperature and strain rate. The stress-strain value
obtained from the experimentally via a hot compression test can be
used to calculate the activation energy and material constant. It is
reported [32—34] that the simple power-law correlates the flow
stress, deformation temperature and strain rate. It is important to
note here that the activation energy gives the information about
the deformation mechanism which is correlated with the micro-
structural evolution, mainly dislocation movement, dynamic re-
covery (DRV), dynamic recrystallisation (DRX) and grain boundary
movement [14].

According to the constitutive equation, the activation energy is
supposed to be a constant physical parameter which can be
determined using power law:
e=A; o" exp {% } (1)

After taking the logarithm of both sides and differentiating the
equation. Finally, the activation energy is expressed as

Q = 2.303R {(dlog &)/ (dlog )} T{dlog 7/d(1/T)}é 2)

olog ¢

Where, olog o

is the slope of the logé Vs. log o and 289 is a slope of
a(1)
the logo Vs. 1/T and R = universal gas constant (8.314 ] mol ~'K).
The activation energy (Q) at a strain 0.65 for studied EHEA has
been calculated by drawing a plot between logé Vs. log ¢ at different
temperature and between logo vs 1/T at different strain rate which
are given in Fig. 3(a) and (b), respectively. The typical value of
activation energy (Q) for studied EHEA at strain 0.65 is found to be
311 KkJ/mol, and stress exponent (n) value is 3.5. Further, the acti-
vation energy (Q) is estimated as 362 kJ/mol, 293 kJ/mol, 273 kj/
mol, 284 kJ/mol, 287 kJ/mol and 293 kJ/mol at true strain 0.1, 0.2,
0.3, 0.4, 0.5 and 0.6 respectively. Therefore, the constitutive equa-
tion at true stain 0.65 as a function of strain rate (¢) and tempera-
ture (T) for studied EHEA can be described as follows:

&~ g35 exp(

311000) 3)

RT

Though, it is essential to observe that this constitutive equation
for studied EHEA defines the stress and strain rate relation in the
temperature between 800 °C and 1050 °C. Rahul et al. [35] found
that n and Q values are 5.6 and 306 kJ/mol, respectively for
AlCoCrFeNiy; EHEA in the deformation temperature range of
800°C—1100 °C. It is also reported for CoyoCuygFezoNiyoTing EHEA
[36] that n and Q values are obtained as 3.1 and 316 k]/mol at strain
0.7, respectively. The calculated activation energy (Q ~ 311 kJ/mol)
of investigated EHEA at the last stage of the hot deformation (i.e. at
true strain 0.65) is comparable to the commercial Ti—6Al—4V alloys
(i.e. Q ~265—370 kJ/mol) [37]. Usually, higher is the activation
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Fig. 3. Plot between (a) Log ¢ and Log ¢ (b) Log ¢ and 1/T; used for calculating the
activation energy (Q) and stress exponent (n) at true strain 0.65.

energy, better the strength of material at elevated temperature. The
calculated activation energy at a different stage of hot deformation
is shown in the supplementary file as a Fig. 1(S). It is important to
note that all alloying element in EHEAs consider as substitutional
solutes, the activation energy for the interaction of the solute atoms
with dislocation consist of a combination of both energies for the
vacancy formation as well as energy for solute motion [36].

4. Deformation windows and processing maps

It is to be noted that the processing maps of studied EHEA are
constructed based on the dynamic material modelling (DMM) and
the combination of two contour maps, i.e. iso-efficiency (n) and
instability factor £ (¢). The energy absorbed (P) during the hot
working process is defined as a multiplication of effective stress and
strain rate. Prasad et al. [38] proposed that the total energy absor-
bed is divided into two fractions i.e. Ep and Ey;, where Ep is the
dissipation of energy during plastic deformation, and Ey is energy
related to the microstructural changes during metallurgical pro-
cesses. The overall energy absorbed can be expressed as:

P:oé:Jadé+ edo — Ep + Ey (4)
0

o——aq

Where o is effective stress and ¢ is the strain rate. Two-parameters
such as the dissipation efficiency (n) and the instability factor £ (&)
are represented in that model. 1 is defined as the ratio of Ey and

maximum possible Ep.

Em 2m
M= = (5)
Eymax m+1
Where m is the fundamental material properties, known as strain
rate sensitivity factor.
The instability condition [38] is represented by dimensionless

instability factor £ (¢) as:

m
m+1

£(e) = [aln(

The iso-efficiency n and sensitivity factor related to strain rate
(m) are the crucial parameters to define the stable and unstable
conditions during hot deformation. Therefore, it has been reported
[38] that the criteria for instability (i.e. 2 m < n < 0) and stability
(i.e. 0 < n < 2 m) are valid for all stress-strain plots. Moreover, for
stable plastic flow and homogenous flow of materials during
deformation, the DMM model recommends followings criteria:

)/alné} +m<0 (6)

O<m<1 (7)
m<0 (8)
S>1 9)
$ <0 (10)

Where ¢ = effective stress, T = Deformation temperature in K, ¢ is

. = om __ dlno & _ _0s
the strain rate, m = zo2- s = (l)and S = Slogs
(1

Here, m = Sensitivity factor related to strain rate,

m = Rate of change of sensitivity factor related to strain rate
w.L.t. strain rate,

S= Sensitivity factor of effective stress related to temperature
and

$ = Rate of change of Sensitivity factor of effective stress related
to temperature w.r.t. Strain rate

Fig. 4(a) shows the processing efficiency contour and instability
maps for studied EHEA at strain at 0.65. The maximum efficiency
shows the optimal processing conditions. However, the condition
with peak efficiency may exhibit a negative instability parameter. It
is found that the instability during the deformation occurs mainly
due to cracks, localised plastic flow in the microstructure. It is re-
ported [39] that different DMM stability factors are unable to pre-
dict the geometrical instability, i.e. excessive bulging during
compression testing, necking during tensile testing and uneven
deformation in axial and radial loading during torsion testing.

Moreover, a region of dense contour lines with high power
dissipation efficiency and nearby unstable region are considered as
metastable regions [40]. It is clear from Fig. 4(a) that higher value of
efficiency (50—60%) is observed in the two domains. The first one
lies in the temperature between 1073 K to 1200 K and strain rate
between 1073 s~! to 1072 s~! and also in the temperature range
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1225K—1273 K and strain rate 10~' s~! - 1 s~ As per the instability
processing map, the processing instability factor £ (&) shows
negative value at a temperature range between 1073 K to 1130 K
and strain rate between 10~?° s~1 to 107%° s~!, which are pre-
sented by region A in Fig. 4(a). The sensitivity factor related to strain

rate m (as shown in Fig. 4(b)) shows that the stability in all ranges of

temperature and strain rate in processing maps. The stability re-
gimes during hot deformation are also predicted by a parameter
(m ) (hatched areas as shown in Fig. 4(c)) and also the stability
region predicted by two other parameters s and $ are indicated in
Fig. 4(d) and (e) respectively as hatched areas. The prediction by
parameter s and $ shows the stable region in the temperature
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Table 1
Microstructural features at different strain rate and Temperature.

Strain rate range (s~') Temperature range (K) Efficiency (n) Microstructural features
Domain I: Stable regime 107 1-5.10065, 1073—1200, 30-40, Uniform distribution of phases,

103-1015, 1073-1273, 40—60, Uniform distribution of phases,

10-140.10-05 1073-1220 40-50 Uniform distribution of phases
Domain II: Unstable regime 10711, 1073-1105, 10-20, Large cracks,

1071510704 1200-1273 40-50 Pores and Localised flow

ranges 1073K—1273K, 1105K—1273 K and strain rate ranges 10~3-
107" s71,1071-1 s~ The workability regimes with different pa-
rameters of DMM model provided in the Supplementary file as
Table 1S. Finally, DMM predicts the stable hot workability regimes
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<— Pore

in the temperature between 1073 K to 1273 K and strain rate be-
tween 103 57! to 107°° s~ 1 as well as 1130 K—1225 K and strain

rate 1072 s Tto 1 s L

<B

Eutectic—0O

Eutectic—=>0O

=B

Fig. 5. SEM BSE images of hot deformed samples at (a) 800 °C@SR 1, (b) 800 °C@SR 0.1, (c) 800 °C@SR 0.01, (d) 900 °C@SR 0.1, (e) 1000 °C@SR 0.1 and (f) 1000 °C@SR 0.01.
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5. FEM simulation

The FEM simulation can be used to identify the bulk deforma-
tion characteristics by identifying the strain, stress and strain rate
fields in the material. By utilising this capability, the more sensitive
zones in material flow regions with complex geometries can be
identified in actual industrial production condition. The stress-
strain flow curves obtained in Gleeble 3800® thermo-mechanical
simulator at different sets of temperatures and strain rates were
imported into ABAQUS ® FEM software to simulate the hot defor-
mation behaviour. The constitutive equation can also be used for
developing the material database. Effective plastic strain at a
temperature of 1173 K and 1273 K and at strain rate 1 s~ shown in
Fig. 4(f) and (g). The strain field distribution confirms the inho-
mogeneous flow behaviour inside the material, resulting in the
microstructural variation at different zones. The results obtained by
simulation shows the higher value of effective plastic strain at the
centre of the deformed sample for both temperatures and the
maximum strain values depend on the temperature. It is important
to note here that this inhomogeneity needs to take into consider-
ation while characterizing material for high-temperature
applications.

6. Microstructural analysis of deformed samples

The detailed microstructural characterization of the deformed
EHEA at different hot working conditions was carried out to
correlate with the observation drawn from the developed contour
plots using various parameters. However, The representative SEM
micrograph of deformed sample is shown in Fig. 5. It is found that
the cracks are observed in the deformed specimen at temperature
of 800 °C and strain rate of 1 s~! (as shown in Fig. 5(a)) and this
instability is matched with the region in the contour plot developed
using the parameter s. In Fig. 5(b), (c), (d) and (f), it is found that a
uniform distribution of phases as well as cracks and pores free
microstructure at different temperatures and strain rates. It is to be
noted that the contour plots generated using various parameters
show a stable zone at 800 °C (strain rate = 0.01 s~'), 900 °C (strain
rate = 0.1 s—!) as well as 1000 °C (strain rate = 0.01 s~!), but the
unstable zone is observed at 800 °C (strain rate = 0.1 s~ ). Further,
the porosity is found in a deformed specimen at 1000 °C (strain
rate = 0.1 s~1) (shown in Fig. 5(e)), which corroborates with the
instability regimes in the generated contour plots using parameters
such as m and s. It is evident in the stable regime that micro-
structural constituents are uniformly distributed throughout the
whole specimen and elongated grains are observed in the direction
perpendicular to the compression axis. While in the unstable
regime, the localised plastic deformation, cracks and pores are
observed in the microstructure of the deformed sample. It is
important to note that the deformation temperature and strain rate
play an essential role in the microstructural evolution of deformed
EHEAs. The microstructural features at different strain rate (s~!)
and Temperature (K) are provided in Table 1. Therefore, uniform
distribution of phases and crack free microstructure of EHEA are
necessary for processing of materials at high-temperature and
hence can be considered as potential candidate materials for high-
temperature structural applications.

7. Conclusion

The hot deformation behaviour of the studied CojsFeysMns.
Niy5Tig EHEA was examined by conducting the compressive test in
Gleeble thermo-mechanical simulator in the temperature between
1073 K to 1273 K and strain rate between 10> s~ ! to 1 s~ .. Based on
the above results and discussions, the following outcomes can be

summarized for studied EHEA.

e The studied EHEA shows the peritectic reaction between bcc (B)
and liquid phase (L) to form fcc (o) (i.e. bcc (B) + Lo fcc (o) as well
as eutectic reaction between fcc (o) and Tiy(Ni, Co) (i.e. (i.e.
L— fcc (a)+Tix(Ni, Co)).

o The average activation energy (Q) for hot deformation of studied
EHEA is 311 kJ/mol, and stress exponent n is 3.5. The constitutive
relation for the investigated EHEA is described by the equation

as & ~ 03> exp (731}2‘%00)

e The optimal hot workability regimes are identified by gener-
ating contour plots using dynamic materials modelling, and the
thermomechanical processing parameters lie in temperature
range 1073—1273 K and strain rate range 1073 - 1076 s~ 1 as well
as 1130—1225 K and strain rate 107%5-1 s71,

e FEM simulation is used to understand the effective plastic strain
distribution during deformation of studied EHEA at different
temperature and strain rate 1 s~
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