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The structural and chemical heterogeneity of two Al-based complex concentrated alloys
Al — Cr — Mn — Fe — Ni — Cu and Al — Cr — Mn — Fe — Co — Ni — Cu — Zn was investigated in the
as-cast condition in order to evaluate the predictive capability of commonly used high-entropy alloy
(HEA) descriptors. Integral thermodynamic parameters (4S, , AH ., 6, VEC, Q, Ay) calculated for
both compositions fall within ranges typically considered favorable for solid-solution formation
in HEA and complex concentrated alloys. In particular, AH  _ and J satisfy empirical stability
criteria, while Q exceeds commonly proposed thresholds for solid-solution formation. However,
microstructural characterization reveals that these descriptors alone do not reliably predict the
actual phase constitution in as-cast state.

SEM/EDS analysis showed that both systems form a chemically heterogeneous dendritic-
like morphology, accompanied by pronounced chemical partitioning between chemically distinct
microstructural regions. In the Al — Cr — Mn — Fe — Ni — Cu alloy, two chemically distinct
microstructural constituents were identified; however, both of them may correspond to B2-type
intermetallic phases with a BCC-related lattice. Although VEC values fall within ranges associated
with BCC or mixed BCC/FCC tendencies in Al-rich multicomponent alloys, experimental evidence
indicates that the dominant structural constituents correspond to ordered intermetallic phases
rather than disordered solid solutions.

In contrast, the Al — Cr — Mn — Fe — Co — Ni — Cu — Zn alloy exhibits significantly higher
chemical and morphological heterogeneity. Addition of Co and Zn leads to increased microstructural
complexity and decrease of Cu-driven chemical separation. Local enrichment in Cu and Zn was
detected in chemically distinct regions, indicating a strong tendency toward chemical separation
and suggesting the formation of brass-type intermetallic phases.

Keywords: complex concentrated alloys, HEA, lightweight alloys, casting, microstructure,
phase formation, thermodynamic parameters, SEM.

igh-entropy alloys (HEAs) have established a new direction in modern

materials science by proposing an alternative concept of alloy design
based on the use of several principal (multiprincipal) elements in comparable
atomic concentrations instead of the traditional scheme of a “base element + minor
alloying additions”. Such an approach significantly expands the space of possible
compositions and enables the purposeful design of properties combinations that are
difficult to achieve in conventional alloys. The concept of multicomponent systems
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was systematized at the beginning of the 21st century and quickly attracted
attention due to its potential for the development of next-generation materials [1].

The scientific relevance of HEAs and multicomponent concentrated
alloys (MCAs) research is also associated with the need to reconsider
fundamental concepts of phase formation and thermodynamics in a concentrated
multicomponent systems. In contrast to conventional binary and ternary phase
diagrams, the behavior of such alloys is governed by complex multivariate
interactions between constituent elements, which influence phase stability,
diffusion processes, deformation mechanisms, and ordering phenomena. For this
reason, HEAs are regarded not only as a new class of structural materials but
also as model systems for the development of physical metallurgy [2]. From a
practical standpoint, HEAs /MCAs are of considerable interest because certain
systems demonstrate advantageous combinations of mechanical properties,
including high strength combined with sufficient ductility and fracture
resistance, as well as the retention of fracture toughness at low temperatures,
making these materials promising for operation under extreme conditions [3].

Early concepts of HEAs associated their phase stability primarily with
the high configurational entropy of mixing and the expected formation of
relatively simple solid-solution phases (FCCor BCC). However, subsequent
studies have shown that the actual structural and phase state is determined
by a complex interaction of thermodynamic and kinetic factors, as well as by
local chemical composition and the possibility of ordered phase formation. In
this context, HEAs are increasingly considered within the broader paradigm
of complex concentrated alloys (CCAs) or multicomponent concentrated alloys
(MCAs), where the key aspect is the multicomponent design itself rather than
the magnitude of configurational entropy alone [2]. For preliminary prediction
of phase formation in HEAs /CCAs, a number of empirical and semi-empirical
parameters are widely used, including the entropy and enthalpy of mixing,
the atomic size mismatch parameter &, the valence electron concentration
(VEC), the Q parameter, and the electronegativity difference (Ay). These
indicators are useful for the initial screening of compositions and for estimating
the likelihood of forming solid solutions or intermetallic phases; however, they
primarily reflect the averaged thermodynamic state of the system.

One of the advantages of multicomponent alloy systems is the possibility
of simultaneously activating several strengthening mechanisms, including solid-
solution strengthening, lattice distortion strengthening, and phase strengthening
(dispersion hardening), which potentially allows an increase in strength without
a critical loss of ductility [4]. Multicomponent compositions may also create
conditions for improved corrosion resistance due to the formation of stable
passive films and changes in the character of localized corrosion. In such
systems, microstructural heterogeneity can significantly influence electrochemical
behavior and may provide opportunities to tailor corrosion properties through
optimization of alloy composition [5]. Another important characteristic is the
potential thermal stability of HEAs, which may manifest itself in the ability to
retain phase composition and microstructure at elevated temperatures. Although
thermal stability strongly depends on the specific composition and phase state,
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multicomponent alloys demonstrate considerable potential for applications in
high-temperature environments and aggressive service conditions [6].

In summary, HEAs /MCAs combine fundamental scientific interest with
broad possibilities for practical application, which determines the need for
further investigation of structural and phase relationships as well as material
properties depending on composition and processing conditions [7].

A distinct and rapidly developing research direction is represented by
aluminum-containing high-entropy, midle-entropy and complex concentrated
alloys (Al-containing HEAs /MEAs,/CCAs). These materials are considered
particularly promising because aluminum addition prones a simultaneous
reduction in density and control over the crystal structure type (FCC-
BCC,/B2) as well as the dispersion of ordered phases. Literature analysis for
such systems as AlCoCrFeNi, AICrMnFeCoNi and similar ones shows that an
increase in aluminum content reduces the predominance of the FCCstructure
and promotes the formation of a BCC /B2 component. At the same time, the
morphology of the cast microstructure changes and chemical heterogeneity
between dendritic and interdendritic regions becomes more significant. This
combination of effects makes aluminum a key regulator of the phase state and,
consequently, of the mechanical and corrosion behavior of these alloys, while
simultaneously increasing the sensitivity of the resulting structure to the
precise composition and processing conditions [8].

In last studies, the role of aluminum in multicomponent alloys is
interpreted as a result of the interaction between electronic, thermodynamic,
and structural factors that determine the stability of solid solutions and
the way of phase formation. It has been shown that in systems such as
AlxCrFeCoNi, variation in aluminum concentration may lead not only to a
transition between predominant crystal structures (FCCor BCC) but also to
modifications of the local chemical order (short-range order, SRO), which
arises from the competition between enthalpic and entropic contributions
to interatomic interactions. Such ordering may be weakly reflected in X-ray
diffraction results because this method mainly characterizes the average crystal
structure; however, SRO can significantly affect the energy conditions of the
system, the thermodynamic stability of phases, and the tendency toward phase
separation or the formation of ordered structures during heat treatment. This
highlights the importance of interpreting the microstructure of cast alloys
while considering the combined influence of equilibrium thermodynamic factors
and kinetic processes of solidification and diffusion that ultimately determine
the final structural and phase state [9].

At the same time, for aluminum-containing HEAs,/CCAs the key
practical challenge is not alloying in the traditional sense but the compositional
design of lightweight multicomponent alloys in which low density represents
a target parameter, while the HEA approach is used as a methodological
framework for constructing multiprincipal systems. Within such an approach,
each component (including Cu, Zn, and Co) is considered a full compositional
element influencing the solidification pathway, the tendency toward ordering
or phase separation, and the degree of chemical heterogeneity.
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In particular, copper is often characterized by limited mutual solubility
with several constituent elements, which promotes the formation of Cu-enriched
regions during solidification [10]. The addition of zinc to systems such as
AlCrFeCoNi may modify electronic and chemical interactions, alter the phase
composition, and further complicate structural prediction [11]. The effect of
cobalt is also composition-dependent: with variation in aluminum content, the
system may have transition between FCC- and BCC,/B2-dominated states,
accompanied by corresponding changes in phase morphology and properties [10].

Prediction of the phase state in multicomponent HEA /CCA type
alloys is a multilevel task because widely used indicators (AH __, AS , 8,
VEC, Q, Ay) are suitable mainly for preliminary compositional screening but
do not provide a reliable description of the actual as-cast microstructure. This
limitation arises from their insufficient consideration of local chemical ordering,
the competition between ordering and phase separation processes, and the
kinetics of solidification and diffusion [9, 12, 13]. This issue is particularly
pronounced in Al-containing systems with Cu and /or Zn, where experimental
data remain limited due to the strong sensitivity of phase composition to
synthesis conditions and the pronounced dendritic microsegregation that
complicates comparison of results even for similar nominal compositions [10, 11]
It is therefore essential to distinguish between the average alloy composition
and the local compositions of individual structural constituents, since local
chemistry ultimately determines the crystal structure type, phase morphology,
and the tendency toward ordering or phase separation [8]. In this context, a
key scientific problem remains the lack of consistent experimental data that
would allow a direct correlation between calculated thermodynamic parameters
and the real cast microstructure (segregation, formation of B2-type phases,
appearance of enriched phases, etc.) in Al-contained multicomponent systems
with lowered density [9, 12].

The aim of the present investigation is to evaluate the possibility and
limitations of predicting the phase-structural state of lightweight aluminum-
containing multicomponent alloys designed according to the HEA,/CCA
concept by comparing calculated thermodynamic parameters with the actual
cast microstructure based on SEM /EDS analysis. This approach enables
verification of the cause-and-effect relationships between compositional design,
thermodynamic indicators, and the structural state of the material, considering
the decisive role of solidification processes and microsegregation.

Chemical compositions of the investigated experimental alloys were
designed based on the specified atomic concentrations of the constituent elements.
The actual chemical composition after melting was determined using local elemental
analysis by energy-dispersive X-ray spectroscopy (EDS). The correspondence
between the designed and obtained compositions was evaluated by comparing
the nominal and experimentally measured concentrations of the elements, which
made it possible to assess possible losses of alloying components during melting
as well as the produced materials degree chemical homogeneit. The nominal and
measured compositions of the alloys, that was further used for the calculation of
thermodynamic parameters of the system are presented in Table 1.
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Table 1
Nominal charge composition and actual composition of the Al — Cr — Mn — Fe — Ni— Cu (1)
and Al — Cr — Mn — Fe — Co — Ni — Cu — Zn (2) alloy systems after melting

Element Al Cr Mn Fe Co Ni Cu /n
’:i"f;mal composition, | 5609 | 7.00 | 9.00 | 700 | - | 7.00 | 2000 | -
. 0

1

Actual composition
(XRF), at. %

INominal composition,
at. %

Actual composition
(XRF), at. %

5395 3.65 | 757 | 5.40 - 6.16 | 23.27 -

3920 [ 7.60 | 742 | 7.27 | 747 | 7.06 | 16.90 | 7.08

57231 271 | 6.16 | 3.44 | 138 | 5.15 | 17.53 | 6.40

The alloys were produced by melting in a laboratory resistance furnace
using alumina crucibles. Melting was carried out in air without the use of a
protective atmosphere. To reduce oxidation of the melt surface and to minimize
the loss of volatile components, a covering flux of the LiCl — LiF (1:1) was used.

Pure metals and concentrated master alloys (in particular Al — Cu) were
used as starting materials. The components were sequentially added into the melt
considering their melting temperatures and mutual solubility. Zinc was added at
the middle stage of melt preparation process. Melt temperature before pouring
was approximately 950 °Cin order to minimize evaporation losses and to provide
full solubility of the components. No additional degassing treatment was applied.

The melt was poured into steel molds at temperatures ~ 950-
980 °C. Samples were cut from the as-cast ingots and subjected to standard
metallographic preparation. The surfaces were ground using abrasive materials
with progressively finer grit sizes and subsequently polished to obtain a
mirror-like surface suitable for analysis in the backscattered electron (BSE)
mode and for performing EDS measurements. Metallographic etching was not
applied; therefore, dendritic-related terms in this work are used as a conditional
description based on BSE contrast and EDS elemental redistribution rather
than as a direct result of etched relief observation.

Bulk chemical composition was determined using X-ray fluorescence
analysis (XRF). Local elemental distribution and compositional variations
between chemically distinct microstructural regions were analyzed using
scanning electron microscopy (SEM) equipped with an energy-dispersive
X-ray spectroscopy (EDS) system. Elemental mapping was used to evaluate
the spatial heterogeneity of component distribution between grains and
intergranular regions. Local chemical analysis was applied to determine the
chemical composition of individual structural constituents and to generate a
dataset for comparison with the nominal alloy composition.

To evaluate the tendency of the investigated compositions toward the
formation of solid solutions or multiphase structures, the following parameters
were calculated: configurational entropy of mixing (AS_ ), enthalpy of mixing
(AH_. ), atomic size mismatch parameter (8), valence electron concentration
(VEC), thermodynamic stability parameter (Q), electronegativity difference
(Ay), calculated density (p).
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The calculations were performed both for the nominal compositions
(charge compositions) and for the compositions determined after melting based
on the experimental data obtained from EDS analysis. Such an approach makes
it possible to assess the sensitivity of integral HEA /CCA criteria to actual
compositional deviations and to correlate the calculated indicators with the
real cast microstructure.

Binary mixing enthalpies AH, required for the calculation of AH  in
multicomponent systems were taken from generalized data obtained within the
framework of the Miedema model and systematized in the work of Takeuchi
and Inoue [14], which are widely used in the design and analysis of high-
entropy and complex concentrated alloys. The calculated values of these
parameters are presented in Table 2.

Table 2
Calculated physicochemical parameters of the Al — Cr — Mn — Fe — Ni — Cu (1) and
Al - Cr—Mn —-Fe — Co - Ni—Cu—2n (2) alloys

Calculated physicochemical
phy AST{X, : AHmiX,_1 5.% | VEC o Ay P, B}
parameter J-mol!-K kJ-mol gcm
INominal composition 12.00 -8.60 6.02 6.01 1.71 | 0.136 3.52
1 .
lActual composition
(XRF) 10.96 -7.43 5.86 5.98 1.80 | 0.138 3.15
INominal composition 15.09 -8.50 5.79 6.82 2.17 | 0.135 5.59
2 "
lActual composition
(XRF) 11.62 -7.23 5.30 5.92 1.97 | 0.128 4.66

Comparison of the nominal charge composition with the actual
composition after melting (based on SEM /EDS data) indicates noticeable
deviations in the concentrations of individual elements, which is typical for cast
multicomponent Al-containing systems, especially in the absence of a protective
atmosphere during melting and in the presence of components prone to losses
due to oxidation or evaporation. For the Al — Cr — Mn — Fe — Ni — Cu
system alloy, an increase in the fractions of Al and Cu and a decrease in the
concentrations of Cr, Fe, and Ni after melting were observed (Table 1). A similar
tendency is also observed for the Al — Cr — Mn — Fe — Co —Ni — Cu — Zn
alloy, where a significant increase in the fraction of Al after melting is
accompanied by a decrease in the concentrations of transition metals, most
noticeably for Co and Cr (Table 1). Considering that the actual composition
was determined by the local EDS method, the obtained values represent
an average of measurements performed over selected regions of the cast
microstructure and may additionally depend on the level of microsegregation
(dendritic microsegregation) within the sample. Therefore, for the subsequent
analysis of thermodynamic parameters and interpretation of phase formation,
both the nominal compositions (charge compositions) and the compositions
“after melting” obtained from EDS data were used. This approach makes it
possible to evaluate the sensitivity of calculated criteria to real compositional
deviations and to structural heterogeneity characteristic of the as-cast state.
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The calculated values of thermodynamic and electronic parameters
(AS ., AH ., 8, VEC, Q, Ay) presented in Table 2 for both alloys systems
shows that the integral indicators based on the average composition fall within
ranges that are often associated in the literature with an increased probability
of solid-solution formation in HEA /CCA compositions. In particular, the values
of AH_ . lie within the range generally considered favorable for the formation
of solid solutions (approximately — 15 to 5 kJ /mol), while the parameter & for
both systems does not exceed 6 %, corresponding to typical threshold estimates
of atomic size compatibility. The Q parameter exceeds 1.1, which within
widely used semi-empirical approaches is also interpreted as thermodynamic
favorability for the formation of solid solutions. At the same time, the VEC
values for both compositions lie within a range characteristic of BCCor mixed
BCC /FCCstructures, which is expected for Al-based multicomponent systems
with increased Al content and a potential BCC /B2 component. Comparison of
the parameters for the “charge” and “after melting” states reflects changes in
configurational entropy and calculated density p according to the actual (EDS)
composition. However, these integral criteria alone do not describe the local
chemistry of structural constituents in the cast state; therefore, in this work
they are considered as tools for preliminary assessment that must be interpreted
together with SEM /EDS results and manifestations of microsegregation.

SEM observations show that the microstructure of the as-cast
experimental Al = Cr — Mn — Fe —Ni — Cu alloy exhibits chemically
heterogeneous near-dendritic morphology (Fig. 1). EDS elemental mapping
confirms the presence of chemical heterogeneity between chemically distinct
regions, particularly with an increased local concentration of Cu in certain
microstructural areas. Local point analysis (Table 3) reveals at least two
chemically distinct groups of regions: (1) areas with increased Cu content and
elevated Ni concentration, and (2) regions enriched in Al with the simultaneous
presence of Cr, Mn, and Fe. Such a distribution is typical for multicomponent
systems in which the elemental distribution is governed by microsegregation
during solidification. Unambiguous identification of crystal structures (FCC/
BCC,/B2) requires phase identification using diffraction methods, but,

Fig. 1 SEM microstructure of the Al — Cr — Mn — Fe — Ni — Cu alloy and EDS elemental distribution maps.
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Table 3

Chemical composition of probable constituents in the Al — Cr — Mn — Fe — Ni — Cu alloy

system

Chemical iti

A 1<.:a compostion Al Cr Mn Fe Ni Cu Prob.able

in a point, at. % constituent
1 4948 | 2.63 6.57 6.26 9.66 | 25.40 | B2-Al(Cu ,Ni)
2 5476 | 7.77 | 13.07 | 6.72 2.43 | 15.26 | B2-Al(Cu, Mn)
3 56.98 | 7.41 11.00 | 4.96 2.23 | 17.43 | B2-Al(Cu, Mn)

according to chemical composition, the phases were identified as probable
constituents, as shown in Table 3.

The phase (Point 1) with approximately 50 at. % Al is most likely an
ordered aluminide with a B2 crystal structure. Such phases are structurally
similar to NiAl-type intermetallic compounds and are characterized by a
wide substitutional solubility of transition metals in the metallic sublattice.
Therefore, the observed phase can be described as a multicomponent aluminide
of the type (Cu,Ni,Fe,Mn,Cr)Al or solid solution of Cr,Mn and Fe in B2-
Al(Cu,Ni). The phases (Point 2 and 3) with approximately 55 at. % Al most
likely also correspond to probable multicomponent aluminide constituents with
B2-related structure, and may be described as B2-Al(Cu, Mn).

The microstructure of the Al — Cr — Mn — Fe — Co —Ni — Cu — Zn
alloy is characterized by more pronounced chemical and morphological
heterogeneity compared to the alloy without Zn and Co (Fig. 2). EDS elemental
mapping demonstrates clear contrasts in the distribution of components, with
the formation of regions locally enriched in Cu and Zn, which is confirmed by
point analysis (Table 4). The presence of areas with high local concentrations
of Cu and Zn adjacent to Al-enriched regions indicates an intensification of
microsegregation in the multicomponent system when transitioning from a six-
component to an eight-component composition.

For the Al—Cr— Mn —Fe — Co —Ni — Cu— Zn system, a larger
number of chemically distinct regions is observed, including areas with high
local concentrations of Cu and Zn (Table 4). Provided analysis suggests the

maps.
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Table 4
Chemical composition of probable constituents in the Al —= Cr — Mn — Fe — Co — Ni— Cu — Zn
alloy system

ihzl(:ic;fzosmon Al | Cr | Mn | Fe | Co | Ni | Cu | Zn Cl; ;‘;E?E;t
1 465 | 64 | 11.8|3.92| 068 | 1.17 | 7.44 | 3.6 [B2-Al(Cu, Mn)
2 185 | 02 | 1.05 | 0.43 | 0.18 | 0.57 | 36.4 | 42.6 |B-brass (BCC)
3 474 | 37 | 668 | 8.12 | 334 | 11.1 | 18.6 | 1.1 |B2-Al(Cu, Ni)
4 40.1 | 0.24 | 2.08 | 0.85 | 0.48 | 3.49 | 38.8 | 14 [5-AlCu[24]

possible formation of three main structural constituents in the alloy — B2
aluminide with saturated transition metals, brass-type CuZn intermetallic,
alloyed with Al and 3-AlCu phase, that is ordinary for some kind of brass. B2-
like constituents are associated with Al-enriched regions, while the second and
fourth constituents are most likely formed from the residual melt during the
final stages of crystallization.

The obtained results highlight the limitations of applying integral
HEA criteria (Table 2), calculated from the average composition, for direct
prediction of the phase state in the as-cast condition without considering the
local chemistry of chemically distinct regions and the kinetics of solidification.

The results indicate that the calculated integral thermodynamic
parameters (AS ., AH ., 3, VEC, Q, Ay; Table 2) for both systems lie within
ranges often considered favorable for solid-solution formation in HEA /CCA
compositions [2, 4]. In particular, the values of AH . and & meet the empirical
criteria for “solid-solution stability,” and Q exceeds the threshold values that
semi-empirical approaches interpret as thermodynamic favorability for forming
a solid solution. However, recent studies indicate that such integral criteria can
overestimate the likelihood of a homogeneous single-phase state, especially in
cast alloys where the microstructure forms under nonequilibrium solidification
and limited diffusion [15]. In this context, thermodynamic parameters are
more useful as comparative metrics for composition selection, but not as direct
predictors of the structural-phase state.

SEM examination showed that both systems form a chemically
heterogeneous dendritic-like morphology and EDS mapping confirms a
significant redistribution of elements between chemically distinct microstructural
regions. For the Al — Cr — Mn — Fe — Ni — Cu system, two chemically distinct
constituents were identified, but both of them belonged to B2-type phase.

For the Al - Cr— Mn — Fe — Co —Ni — Cu— Zn system, a more
complex picture of chemical heterogeneity was observed, including regions
locally enriched in Cu and Zn. The transition from a 6-component to an
8-component composition is accompanied by increased chemical contrast and a
greater number of locally distinct regions. Literature data indicate that adding
Zn to multicomponent Al-based systems can complicate phase interactions and
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enhance the tendency for local element partitioning [11], and in combination
with Cu can promote the formation of brass-type phases [17]. Thus, the
present results confirm that increasing the number of phases and yields a more
heterogeneous as-cast microstructure.

The VECvalues for the studied systems fall in ranges characteristic of
BCCor mixed BCC/FCCtendencies in Al-rich multicomponent alloys, which
is consistent with known trends for systems like Alx (Co Cr Fe Ni) [8, 9].
However, confirmation of lattice types and possible ordering requires diffraction
analysis; in the present work these structural assignments should therefore be
considered probable and based mainly on local chemical composition [18].

In the studied Al-based HEA /CCA systems one of the key factors for
determining the structural and chemical state in the as-cast condition may
be crystallization conditions and the associated nonequilibrium partitioning
of elements between chemically distinct microstructural regions. The integral
parameters (ASIniXy AH_ ., 6, VEC, Q, Ay), while useful for initial alloy design
and composition comparison, do not describe the local concentration gradients
that define the actual microstructural heterogeneity. Thus, such prediction
can be used mainly for preliminary selection of compositions with expected
BCC /B2 tendency, Cu- or Cu — Zn-enriched constituents, reduced density, and
potentially increased hardness or strength, but not for complete determination
of the final as-cast structure.

Therefore, a proper interpretation of the cast-state phase formation
requires combining local chemical analysis (SEM /EDS) with phase identification
by diffraction (XRD) and, if needed, with thermodynamic and kinetic modeling
based on CALPHAD, including Scheil solidification simulations to account for
nonequilibrium crystallization and microsegregation effects [19].

Conclusion

1. The Al = Cr — Mn — Fe — Ni — Cu alloy in the as-cast condition is
characterized by chemically distinct microstructural regions that, according
to SEM /EDS data, can be interpreted as probable B2-like intermetallic
constituents with BCC-related lattice type.

2. The Al—Cr—Mn—-Fe —Co —Ni—Cu—Z7n alloy exhibits higher
chemical and morphological heterogeneity, including Cu- and Zn-enriched
regions that indicate a tendency toward the formation of brass-type
intermetallic constituents.

3. Integral HEA /CCA descriptors are screening tools only. Although
AS ., AH ., 8, VEC, Q, Ay, and p (Table 2) fall within ranges frequently
associated with solid-solution formation in HEA /CCA screening, these
criteria are based on the average composition and do not account for local
chemistry. Therefore, they cannot directly predict the as-cast state phase-
structural constituents without explicitly considering solidification kinetics
and microsegregation. They indicate only the probability of forming certain
structural constituents.

4. VEC and Al enrichment indicate a possible BCC,/B2 tendency in
the studied alloys; however, the experimental SEM /EDS data show that
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this tendency is realized mainly through chemically heterogeneous B2-like
intermetallic constituents rather than through a homogeneous solid solution.

5. The practical value of the applied prediction approach is the
preliminary selection of alloy compositions for obtaining cast materials with
expected BCC /B2 constituents, Cu- or Cu — Zn-enriched phases, reduced
density, and potentially increased hardness or strength. Final confirmation
of such predetermined properties requires additional phase identification and
mechanical testing.
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Prediction of phase-structural state of as-cast high-entropy alloys

IIporHo3yBaHHsi (pa30BO-CTPYKTYPHOIO CTaHy JHMTHX CILIABIiB 3 BHCOKOIO
EHTPOIIi €10
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@di3uko-TexHOJOTiYHNl iHCTUTYT MeTastiB Ta crmiasiB HAH VYxkpainm, Kuis,
Ykpaina

Amnorarisg

Byso pocrmimkeHo CTPyKTypHY Ta JIOKAJTbHY HEOJHOPIIHICTh XiMiUHOTO CKJIALy
JIBOX KOMILIEKCHUX KOHIIEHTpPoBaHMX ciiaBiB cucreM Al — Cr — Mn — Fe — Ni — Cu Ta
Al = Cr — Mn — Fe — Co — Ni — Cu — Zn B juromy crani. MeToto 6yJi0 BU3HAYEHHS
MIPOTHOCTWYHOT ~ 3/IJaTHOCTI  3arajibHOBXKMBAHUX  JIECKPUIITOPIB ~ BUCOKOEHTPONiNHNUX
crmasis (BEC). Imrerpanbni tepmoannamiuni mapamerpu (AS . . AHmix, 8, VEC, Q,
Ax), po3paxoBaHi /T 060X CKJIAJiB, 3HAXOJWJIMCHh B MeXKaX Jliala3oHiB, sKi 3a3Buyail
BBAXKAIOTbCS CIPUATIMBUMHU /LI yTBOPeHHs TBepauX pos3uutiB y BEC ta komiiekcHux
KOHIIEHTPOBaHMX cITaBaXx. 3okpema, AH =~ Ta & 114 eKcrepuMeHTaJbHUX CILIaBiB
3a/I0BOJIBHSJIN  eMIipuuHi Kputepii crabiabHOCTi, TOJAI $SK 3HAaYeHHS ) TIEPEBUIILYJIO
3araJbHOIPOTIOHOBAHI MeKi [IJIT yTBOPEHHS TBepAux posumHiB. [Ipm mpomy, 6yso
MOKAa3aHo, IO 11i JECKPUITOPH caMi 1Mo cobi He 3/aTHi HaJiliHO nepenbaunTi HaKTUIHUIA
(hazoBmil CKIA] y TUTOMY CTaHi.

SEM /EDS ananisu mnokasanu, 1o oOuaBi cuctemu GoOpMyIoTh  XiMiuHO
HEOTHOPI/IHY AE€HAPUTONOAIOHY MOPGOJIOTiio, MO CYyIPOBOKYETLCS TOMITHOIO XiMi4HOIO
HEO/IHOPIIHICTIO MiXXK XiMiYHO BiMIiHHMMM MiKPOCTPYKTYPHUMHU OOJACTAMHU. Y CILJIaBi
Al = Cr —Mn — Fe — Ni — Cu 6yJ10 BUSIBJIEHO /IBi XiMi4HO Pi3Hi MiKPOCTPYKTYPHI CKJIa/10Bi,
o/tHaK OOU/IBI BOHU MOXKYTh Bi/ioBiaTu intepmerasignum daszam tuy B2 3 OIK-rparkoro.
Takosx nokasano, mo xouda 3Hadenuss VEC s 11boro cijaBy 3HaXO/UJUCh B Jialla3oHax,
aki Buznavatorb OIIK-tun rpatku, a6o saminranuii tun OLIK /TIK, nominyioui ctpykTypHi
CKJIQJIOBi B €KCIIEPUMEHTAJbHOMY CILJIaBi BiJINIOBiJJalOTh BIOPS/IKOBAHUM iHTEPMETAJIEBUM
azam, a He HEBIOPIAKOBAHUM TBEPJAVM PO3YMHAM, HA [0 BKa3ye JIOKAJbHUI XiMiuHUI
CKJIA/] IIUX CKJIQ/IOBHX.

Ha nporusary 1pomy, cmiaB Al — Cr — Mn — Fe — Co — Ni — Cu — Zn gemMoHcTpy€E
3HAYHO BUILY XiMiuHy Ta MopdoJoriuny rereporentictb. Jomasannsa Co ta Zn npu3BOJUTDH
110 361JTbIIEHHST MiKPOCTPYKTYPHOI HEOTHOPI/IHOCTI Ta 3HUKEHHST XiMiuHOT HEOIHOPIIHOCTI,
3a3Buyaii 3ymoBsenoi mimmio. I[losBa oGaacrteit, 36aravenux Cu ta Zn, TiATBEP/KYE
MiZICHJIEHHS CTPYKTYPHO-(pa30Boi HEOTHOPIAHOCTI Ta BKa3ye Ha MOXKJIMBICTb yTBOPEHHS
iHTepMeTaTiHUX a3, sSKi YTBOPIOIOTHCS B JATYHAX Ta GPOH3aX.

KmouoBi cioBa: ckiagui koHmeHTpoBaHi cmiaBu, BEC, cmmaBm 3 moHMXeHOIO
TYCTHUHOIO, JIUTTSI, MiKPOCTPYKTYpa, (ha3oyTBOpPeHHs, TepMoauHaMivHi mapameTpu, SEM.
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