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Abstract

There has been a significant increase in research and development efforts to meet the growing demand for environmentally
friendly magnesium (Mg) alloys. Studies are currently exploring different combinations of alloying elements to meet the
demanding specifications. The aim of this study was to examine the usability of the elements aluminum (Al), calcium (Ca),
and zinc (Zn) together with barium (Ba), and to investigate the mechanical and thermodynamic properties of the resulting
multicomponent alloy system. SEM and hardness tests were used to examine the microstructural and mechanical properties
of the Mg alloys. In the SEM analysis, the alloy was determined to consist of an a-Mg matrix, a block-like compact structure
containing Ba (Mg, ,Ba,), a regional eutectic structure (Ca,MgZn,), and independently growing lamellae (41,Ca). The
general hardness analysis results of the alloy, measured by Brinell and Vickers tests, were determined to be ~77 and ~82,
respectively. The indentation test also revealed that the stress transfer to the Al,Ca laves phase is possible, depending on
the orientation of the slip plane between the matrix and the AI2Ca phase. It was also observed that cracks that developed
on the intermetallic Mg, ,Ba, phase in the indentation test were only formed in the high-stress regions of the structure, and
their propagation was limited. According to the thermodynamic analysis, the AH , value is -2.73 kJ/mol, the AS,, value is
5.95 J/molK, the 6 value is 34%, the Ay value is 0.14, and the Q value is 2.03. The obtained thermodynamic data were found

to be compatible with the microstructural development of the alloy.
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1. Introduction

In today’s world, where ecological and
environmental problems are increasingly pressing, the
potential benefits of technological advancements are
being evaluated more than ever before. One area of
research that has gained increasing attention is the
development of lightweight materials. With this
approach, studies on magnesium (Mg) and its alloys
have become increasingly important due to their high
specific strength properties. For example, as
combating the climate crisis has become a top priority
worldwide, the interest in light metal metallurgical
technologies has grown due to their potential to
reduce greenhouse gas emissions in transportation
vehicles [1-3]. However, with the high production
and raw material costs required to improve the
mechanical, physical, and chemical properties of light
materials such as Mg, there is a need to identify
suitable elements to increase their plastic deformation
capacity and corrosion resistance at ambient
temperature. Numerous researchers continue to work
on experimental and DFT-based ab initio approaches
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to enhance the properties of Mg using cheaper and
more readily accessible alloying elements.

A review of the literature reveals that the studies
on the alloying of Mg mostly involve combinations of
elements such as Ca, Zn, Cu, Mn, etc. in addition to
Al [4-10]. Besides, there is hardly any direct
information about the impact of Ba on Mg apart from
the phase diagram of the Mg-Ba binary alloy.
However, research has been conducted on the impacts
of the Ba element in ternary and quaternary Mg alloy
systems. It has been reported that creep resistance at
higher temperatures is significantly improved by a
small amount of Ba (~ 0.02-0.03%) [11]. The bulky
dimensions of the Ba-containing secondary phase
contribute to the improvement of creep strength by
effectively preventing grain boundary sliding [12].
According to J. Buha, the effects of the Ba element on
Mg-Zn alloy were investigated. The addition of 0.2%
Ba to the system significantly improved the age-
hardening response of the Mg-2.8Zn alloy by
stimulating the nucleation of precipitates and
accelerating the kinetics of precipitation during aging.
In fact, it was reported that the hardness of the Mg—
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2.8Zn—0.2Ba alloy increased approximately twofold
due to the artificial aging process. J. Buha also stated
in his study that the Ba element significantly
increased the solidification temperature, thus
providing a wider temperature range for mechanical
processing [13].

Conventionally defined alloys (we can consider
them as LEA) are systems rich in one major element
but poor in other alloying elements. Studies on
multicomponent alloy systems of Mg (MCA-Mg)
continue to increase due to their potential to offer
better properties than conventional Mg alloys.

There are studies in the literatura with different
elements and different amounts of alloying elements
in the MCA-Mg type (e.g. MgAICuMnZn,
MgAlZnCuCe, MgAlZnSnBi, etc.) [14-16]. By
increasing the number and amount of alloying
elements, a more entropically disordered structure can
be obtained. Thus, it will be possible to create an alloy
system consisting of a soft, Mg-derived matrix phase
and secondary phases with higher strength within this
structure. In this approach, the required excellent
strength and ductility can be obtained together, and
the application range for magnesium can be extended.
Moreover, different studies evaluating the modulus of
elasticity have reported that MCA-Mg alloys have
~20-25% higher modulus of elasticity compared to
pure Mg [17-19]. Especially in multi-phase systems,
it is very important to determine the deformation
permeability of the phases in addition to the specific
behavior of each phase. M. Zubair et al. presented a
study that used micro indentation and nanoindentation
techniques, to show the co-deformation mechanism
between the hard Laves phases and the soft Mg matrix
phase occurring in the Mg-Al-Ca alloy.

According to this study, the deformation zone both
above and below indents in the a-Mg matrix was
found to be influenced by the orientation and the
neighboring Laves phases. The sub-surface
deformation mechanisms are effectively represented
by the deformation around surface indents.
Remarkably, the Laves phase and the o-Mg matrix
undergo co-deformation, even though the Laves phase
is considerably harder than the a-Mg phase. Evidence
of this is the observation of slip lines in the Laves
phase, particularly in regions where they intersect
with slip lines or twins in the a-Mg matrix. The
deformation of the a-Mg phase involves various
mechanisms such as mechanical twinning, basal and
non-basal slip. In this study by Mzubair et al., it was
notably observed that the dominant mechanism was
basal slip [20].

The objective of this study is to determine the
microstructural, mechanical, and thermodynamic
properties of a multicomponent Mg alloy (Mg-15Al-
8Ca-3Zn-2Ba). Additionally, the study aims to
investigate the possible deformation permeability

between phases and examine the effects of elements
commonly used in Mg alloys, such as Al, Ca, and Zn,
as well as the influence of adding Ba to the alloy
system. This inclusion adds a separate dimension to
the research.

2. Experimental Details

The alloy used in the study was obtained by
melting the components of Al, Zn, Ca and Ba in an
argon (Ar) atmosphere in a steel crucible in quantities
determined by mass. An atmosphere-controlled
chamber furnace (MSE Furnace-Turkey) was used for
the production of the alloy. The melting process was
conducted at 750 °C for 10 minutes. Afterward, the
furnace was turned off and the sample was allowed to
cool in the Ar atmosphere. After the melting process,
no additional heat treatment was applied to the alloy.
The alloy was then precision cut to a size of 2 cm x 2
cm and cold molded. The molded sample was
subjected to appropriate grinding (500, 800, 1000, and
2000 grade SiC papers) and polishing (3um and 1um
diamond solutions) processes, respectively. Finally,
the sample was prepared for analysis by etching with
a picric acid-based solution.

The microstructural examination was performed
using a scanning electron microscope (SEM - ZEISS
SUPRA 50 VP) equipped with an X-ray energy
spectrometer (EDS - Oxford Instruments) analyzer.
The phase composition of the alloy was determined
using X-ray diffraction (XRD) analysis, using a a
MiniFlex 600 instrument. The analysis was conducted
in the 20 range of 20-75°, at a scanning speed of
0.5°/min, using Cu-Ko radiation. The hardness
measurements of the alloy and the indent required to
determine of the deformation properties were carried
out using the hardness device (EMCO Test -
M1C010).

Thermodynamic parameters such as mixing
enthalpy (AH__ ), mixing entropy (AS . ), atomic size
difference (8), electronegativity (Ay), and Q were
calculated for the alloy with nominal composition
Mg-15A1-8Ca-3Zn-2Ba using appropriate Equations
(1) = (5) and values [21-23]. The mixing enthalpy
(AH, . ) of the solid solution had determined by the
following equation according to the regular solution
model:

AI_[mix = i 4AHZ1[13XC1C]

i=l,i# ]

)

where AH "% is the enthalpy of mixing of constituent
binary alloys, C, and C, is the atomic percentage of the
ith and jth component.

The configurational entropy of mixing (AS )
during the formation of regular solution alloy had
calculated by:
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AS,. = —RiCl. In(C,) 2)

i=l1

Here R is the universal gas constant. The &
parameter is a parameter that examines the
relationship between phase stability and percent
atomic size difference and was calculated with the
following equation:

5 =100 YC,(1-r, /7’1" 3)

i=l1

where r, is the radius of a given element and r_ is
the average atomic radius (, = 2., r,C,).

The electronegativity  difference in a
multicomponent alloy system was determined by the
equation:

Ay = [Zn:C,-(Ja - Jca)z]% (4)

where X, = Zle C,-)Cl- and y, refers to the Pauling
electronegativity for the ith component. The Q
parameter has been proposed as a means to predict the
solid solution-forming ability of multicomponent
alloy systems. The following equation was used to

determine this parameter:
Q — T mASmix (5)
|AH,

mix

where T (T, =27, C.(T,,),)is the melting point of
the alloy ((T,), is the melting point of the ith
component).

3. Results and Discussion
3.1. Microstrucutral features

The microstructural features of the alloy were
examined using the SEM-BSE detector, and a general
view of the microstructure is presented in Fig. 1. The
alloy is composed of an a-Mg matrix, a block-like
compact structure containing Ba (white-colored
phase), a regional eutectic structure (light gray-
colored phase), and independently growing lamellae
(dark gray-colored phase) spread over a large area.
The phase analysis, carried out using ImageJ, reveals
that the 0-Mg (matrix phase) accounts for about 80%
of the entire structure, while the ratios of the light
gray-colored lamellae and widely spread dark gray-
colored lamellar regions are determined to be ~ 8%
and ~ 7%, respectively. Additionally, the white phase
in the block structure rich in Ba element accounts for
~ 5% of the entire structure. The block-like structure
of Mg-Ba-based intermetallic is consistent with the
limited literature sources [24,25].

The chemical compositions of the constituent
phases in the alloy were determined using the SEM-
EDS detector. EDS point analyses were conducted at
specific locations to provide detailed information on
the elemental distribution within the microstructure.
The areas selected for point analyses are illustrated in
Fig. 1 and the EDS results are presented in Table 1.
Notably, despite the high aluminum content in the Mg
alloy system, no evidence of Mg, Al , phase
formation was observed via EDS analysis. This
finding may be attributed to the high calcium content
previously reported in the literature [26,27].

The white phase, characterized by its high atomic
weight and rich in Ba, corresponds to the blue point in

Figure 1. General microstructure image of the alloy and colored dots showing different regions where EDS spot analyzes
were performed
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Table 1. EDS analysis of the different microstructural
constituents and corresponding possible phases

[23,26]
Point color | Element | at. % | Possible Compound
Yellow Mg 100 a-Mg
Mg 81.16
Ba 8.15
Blue Al 6.28 Mg, .Ba,
Zn 3.58
Ca 0.81
Mg 7.17
Red Al 61.22 Al,Ca
Ca 31.61
Mg 59.07
Al 12.65
Green Ca 467 Ca,Mg7Zn,
Zn 13.61

the microstructure and was mostly observed to
develop on dark-colored eutectic components.
Previous studies suggest that this phase corresponds
to Mg,,Ba, phase [25]. The result of EDS analyses
performed with 20 kV indicates that the element Al
comes from the eutectic component on which it
occurs as an effect of electron-sample interaction. The
dark gray eutectic component, identified as the red dot
in the EDS point analysis, was found to contain
61.22% Al and 31.61% Ca, indicating the presence of
the Al,Ca phase [28,29]. The light gray phase,
represented by the green color, is consistent with the

Ca,Mg.Zn, phase observed in previous studies
[30,31]. This phase displays partially divorced
eutectic characteristics when examined
microstructurally. The result of the XRD analysis of
the sample is presented in Fig. 2. The intermetallic
components of Al,Ca (XRD reference code: 01-075-
0875), Mg,,Ba, (XRD reference code: 00-018-0173),
and Ca,MgZn, (XRD reference code: 00-012-0266)
in the structure are shown by markings on the graph.
These results are consistent with the EDS analysis.
The microstructure of the alloy has also been
evaluated in terms of stacking fault energy (SFE)
within the study. Each alloying element utilized in the
research was found to decrease the SFE of Mg, as
demonstrated by previous ab initio calculations in the
literature [32]. When considering the SFE concept in
a general evaluation of the microstructure, it is
expected that the lamellar structure will be the
dominant secondary phase in the alloy due to the
decreasing nucleation and growth energy of the
lamellar phases with decreasing SFE values [33].

3.2. Thermodinamical approach

The thermodynamic properties of a MgAlCaZnBa
alloy, composed of five distinct non-equimolar
components, were investigated using equations
commonly employed in multicomponent alloy
systems, particularly in the design of high entropy
alloys (HEAs). However, since the present alloy does
not exhibit an equimolar or near-equimolar
distribution of elements, it is inappropriate to classify
it as a HEA, which has been a topic of considerable
research interest lately. This conclusion was
confirmed by thermodynamic calculations, and the
details of the calculations, including the formulas and
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Figure 2. XRD patterns of MCA-Mg alloy
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values used, are provided in the experimental section.
The computational results are presented in Table 2.
The thermodynamic parameter AH_; is essential
for assessing the chemical compatibility between key
components in alloys [16,21,34-39]. A negative AH_._
value indicates a higher probability of intermetallic
compound formation in the alloy. In our study, the
calculated AH_, value for the alloy was -2.73 kJ/mol,
which is consistent with the presence of
intermetallics. Conversely, a positive AH . value
would result in a reduced mixing of the alloy
components in the liquid state, potentially leading to
the formation of segregations in the final alloy.
Furthermore, previous literature indicates that a AH
value approaching zero may lead to the formation of a
stable solid solution phase due to the random
dispersion of elements in the alloy [39,40].

Table 2. Calculation results of various thermodynamic
parameters for Mg-1541-8Ca-3Zn-2Ba
multicomponent alloy

AH,, (kJ/mol) | AS,, (J/moIK) [5 (%)| Ax Q

mix

-2,73 5,95 34 | 0,14 2,03

The alloy investigated in this study should be
considered a typical multicomponent alloy due to the
diverse range of components it contains. Therefore,
the AS . value cannot be expected to be as high as in
alloys with high-entropy alloy (HEA) properties,
which contain almost equal proportions of alloying
elements. The measured value of 5.95 J/molK is much
lower than the range of 11-19 J/molK predicted in the
literature. Additionally, the atomic misfit (3) value, an
important parameter for HEAs, must satisfy the 6<6%
criterion. However, the & value calculated for the
investigated alloy was 34%, indicating a higher
tendency for intermetallic compound formation
within the structure [40—43]. The values of Ay and Q,
which were calculated in this study and are commonly
used to evaluate solid solution formation in HEA
systems, were found to be 0.14 and 2.03, respectively.
Previous studies have reported solid solution
formation in the system when Ay is less than 0.175
and Q is greater than 1 [16,34,38,40]. Our calculated
values allow a discussion on the formation of solid
solutions in our alloy system.

3.3. Microhardness
response of the alloy

test and deformation

The mechanical properties of the investigated
alloy were evaluated using Vickers (HV) and Brinell
(HB) hardness tests, and the results are presented in
Table 3. Consistent with prior expectations, both the
HV and HB values exhibited a significant increase
relative to pure Mg. Specifically, the alloy

demonstrated a 207% increase in HV value and a
156% increase in HB value compared to pure Mg.
These enhancements can be attributed to the
secondary phases present in the alloy structure,
notably the Ca,Mg.Zn, phase and Al,Ca laves phase,
which are the primary constituents of the structure
after the a-Mg. Although the intermetallic Mg,.Ba,
also contributes to the mechanical properties, analysis
of the relevant binary phase diagrams suggests that
the contribution of this intermetallic to strength may
be relatively less significant due to the higher melting
point of AL,Ca.

Table 3. Vickers (HV) and Brinell (HB) microhardness test
results of the alloy

HV1/10
81.96+2.5

HB1/5/10
76.86 £ 1.9

Alloy
Mg-15A1-8Ca-3Zn-2Ba

The purpose of the hardness tests is to examine the
behavior of the intermetallic Al,Ca, which is one of
the important laves phases dominating the
microstructure, and the intermetallic Mg,,Ba, formed
by Ba, which is a limited research resource in the
literature, under applied force. To investigate the
deformation response of the heterogeneous
microstructure of the alloy under external forces, the
effect of the hardness test on the microstructure was
visually examined using the SEM-BSE detector. The
results showed crack formations in the intermetallic
phases near the indentation. However, no separation
between the second phase and the matrix was
observed.

The microstructure of Mg-Al-Ca alloy systems in
previous studies indicates that the Laves phase
typically forms a network structure [29,44-46]. In the
alloy microstructure that we examined within the
scope of this study (as shown in Fig. 1), we observed
that the ALLCa Laves phase was elongated in certain
directions, with fewer connections between them
compared to the networked structure. This component
of branched plates has fewer interactions with each
other, which means that the amount of stress absorbed
by the soft a-Mg in the alloy is greater. Thus, the
process results in limited crack formation as shown in
Figure 3(a). This is in contrast to an alloy system with
a fully interconnected skeleton structure, as shown in
Fig. 3(b) [29], where larger cracks are observed.
However, the other continuous eutectic morphology
in Fig. 3(c) exhibits the same stress transmission
pattern as Fig. 3(b).

In accordance with prior research, in addition to
the formation of cracks in the Laves phases in close
proximity to the indentation, parallel slip lines were
also observed on the sample surface surrounding the
indentation, as depicted by the blue arrow in Fig. 4.
The overlapping locations of these slip lines at the
interface between the a-Mg matrix and the AlCa
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Figure 3. SEM-BSE images taken near the indent in the Vickers microhardness test (a,c) Mg-1541-8Ca-3Zn-2Ba, (b) Mg-
4A1-4Ca [28] (Red arrows show cracks and green lines show indent boundary)

Laves phase suggest that deformation and cracks
occur simultaneously in both phases. This
phenomenon is supported by the high probability of
crack formation due to slip interaction, as observed in
the study by M. Zubair et al. (Fig. 5) [47].

When analyzing the results from the perspective

Figure 4. SEM-BSE image showing the relationship
between cracks and slip plane

of critical resolved shear stress (CRSS), the observed
behavior contradicts expectations. The CRSS value of
the Al,Ca Laves phase is approximately seven times
greater than that of a-Mg, making the occurrence of
this transfer a formidable task [48]. Furthermore, this
situation coincides with the fact that the hardness at
the a-Mg-Laves phase interfaces in the literature is
higher than the hardness observed for the a-Mg phase
[20]. However, evidence supporting this stress
transfer phenomenon can be found in Fig. 4, where
cracks on the Laves phase are clearly visible. This
situation is typically attributed to two primary factors.

Firstly, in Mg alloys, alloying elements, precipitates,
grain, and phase boundaries affect the activation
energy necessary for non-basal slip plane
deformation, leading to inevitable differences
between experiments conducted on single crystals and
polycrystalline structures. Secondly, when two
structures with different hardness values are present
(here, Al,Ca >> 0-Mg), dislocation slip occurs in the
soft phase, and dislocation pile-up occurs at the phase
boundary due to obstruction from the hard phase. This
phenomenon leads to a gradual increase in the stress
concentration between the two phases, prompting the
system to trigger dislocation movement in the hard
phase to balance this increase [20]. Examination of
Fig. 4 reveals that the slip planes indicated by the blue
arrow in the Mg matrix phase cause cracks in the
AlLCa phase. Additionally, the fact that the angle
between the slip planes and cracks is geometrically 90
degrees serves as strong evidence of stress transfer.
Fig. 6 depicts the area where the indentation
process was performed on the Mg, ,Ba, phase
containing the Ba element. It is evident that the cracks
that developed on the intermetallic structure did not
propagate from one end of the phase to the other. This
phenomenon is more distinct, especially in the region
where the green lines indicating the direction of the
cracks are located. Another noteworthy observation is
the difference in crack propagation between the
regions outside the indent trace, as indicated by the
green and orange lines. While the cracks in the lower
part of the indent are oriented perpendicularly to the
trace, the cracks on the upper face of the indent
progressed parallel to the trace. Due to the scarcity of
studies on Mg-Ba alloys in the literature, a definite
evaluation of CRSS could not be conducted.
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Number of Cracks

Slip Interaction  Twin Interaction Other
Figure 5. The proportion of cracks appearing at o-
Mg/Laves phase interfaces, slip plane

intersection, and twin intersection. (Here,

“others” refers to different cracks that do not
originate from the slip plane interface or the twin
interface intersection) [44]
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Figure 6. SEM-BSE image of the indent on the Mg, ,Ba,
intermetallic

3.4. Evaluation based on SRO

Based on Miedema’s model for binary Mg alloys,
Abaspour and Caceres evaluated the potential
formation of short-range order (SRO) in the alloying
elements used. This suggests that the a-Mg regions in
the microstructure may contain limited solid solution
structures with SRO [49]. It is possible that these
structures cannot be identified through EDS analysis
due to their low solubility and limited A-B-A order
(where A represents Mg and B represents an alloying
element). However, future nanoindentation tests on
the a-Mg region could reveal the SRO structure
formed by the alloying elements and provide
nanohardness values higher than pure Mg (~0.9 GPa)
[50].

4. Conclusion

Within the scope of the study, Mg-15A1-8Ca-3Zn-
2Ba alloy was investigated in terms of microstructure,

deformation behavior and thermodynamics. The
results of the study are summarized as follows:

*  The microstructural characterization of the
multicomponent Mg-15A1-8Ca-3Zn-2Ba alloy was
performed using SEM-EDS and revealed the presence
of four different components. These are the o-Mg
matrix, the Mg .Ba, phase with a block-like compact
Ba, the Ca,MgZn, phase with a regional eutectic
structure, and the widely distributed independently
developing lamellar Al,Ca phase. These results were
found to be consistent with the phase analysis using
XRD.

¢ The calculated negative AH . value is an
important indicator of the presence of intermetallics in
the alloy structure and is consistent with the
microstructural diversity of the alloy used in the study.
The AS . value was calculated to be 5.95 J/molK,
which is not as high as in systems containing almost
equal proportions of alloying elements. In addition,
the atomic mismatch (§) value, an important
parameter for multi-element systems, was calculated
to be 34%, indicating a significant tendency to form
intermetallics. The Ay and Q values calculated in this
study, frequently used to determine the solid solution
formation potential of the alloy systems, were found
to be 0.14 and 2.03, respectively. The Ay value
indicates the presence of a solid solution in our alloy
system, making possible SRO analyses appropriate.

*  The microhardness of the developed MCA-Mg
alloy was determined as HV 81.96 and HB 76.86,
respectively. The alloy exhibited a significant increase
in microhardness, attributed to the contribution of
secondary phases in the alloy structure. This increase
is further supported by microstructure and
thermodynamic data, indicating a higher level of
hardness compared to most conventional Mg-based
alloys.

»  Examination of the impact area of the hardness
test indentation revealed a 90-degree relationship
between the slip lines and cracks at the interface
between the o-Mg matrix and the AlLCa phase,
indicating deformation permeability between the
phases.

»  Upon examination of the indent trace resulting
from the hardness test on the Mg, Ba, intermetallic
and its surroundings, it became apparent that the
intermetallic structure experienced less deformation
compared to a-Mg. Additionally, the formed cracks
were not confined to one direction but rather could be
oriented both parallel and perpendicular to the indent.
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ISPITIVANJE MIKROSTRUKTURNIH, MEHANICKIH I TERMODINAMICKIH
SVOJSTAVA NOVE MULTIKOMPONENTNE LEGURE Mg-15A1-8Ca-3Zn-2Ba
BEZ ELEMENATA RETKE ZEMLJE

Y. Tiire

Tehnicki univerzitet Eskisehir, Stru¢na skola Porsuk, Odsek za elektroniku i automatizaciju, Program
mehatronike, Eskisehir, Turska
Apstrakt

Napori u istraZivanju i razvoju znacajno se povecavaju kako bi se zadovoljila rastuca potraznja za ekoloski prihvatljivim
legurama magnezijuma (Mg). Studije trenutno istrazuju razlicite kombinacije legirajucih elemenata kako bi se ispunile
zahtevne specifikacije. Cilj ovog rada bio je da se ispita upotrebljivost elemenata aluminijuma (4l), kalcijuma (Ca) i cinka
(Zn) zajedno sa barijumom (Ba) i da se ispitaju mehanicka i termodinamicka svojstva dobijenog sistema visekomponentnih
legura. SEM i testovi tvrdocée su korisceni za ispitivanje mikrostrukturnih i mehanickih svojstava legura Mg. U SEM analizi
se legura sastojala od a-Mg matrice, kompaktne strukture nalik bloku sa Ba (Mg, ,Ba,), regionalne eutekticke strukture
(Ca,MgZn,) i nezavisno rastuce lamele (Al,Ca). Rezultati opste analize tvrdoce legure, mereni Brinelovim i Vikersovim
testovima, utvrdeni su kao ~77 i ~82, pojedinacno. Test udubljenja je takode pokazao da je prenos napona na Al,Ca
lamelarnu fazu mogué, u zavisnosti od orijentacije ravni klizanja izmedu matrice i Al,Ca faze. Takode je uoceno da su se
pukotine koje su se razvile na intermetalnoj Mg, ,Ba, fazi u testu udubljenja formirale samo u oblastima koje su pod visokim
naprezanjem strukture i da je njihovo Sirenje ogranic¢eno. Prema termodinamickoj analizi, vrednost je AH, . = -2,73 kJ/mol,
vrednost AS,, je 5,95 J/molK, vrednost J je 34%, vrednost Ax je 0,14 i vrednost Q je 2,03. Utvrdeno je da su dobijeni
termodinamicki podaci u skladu sa mikrostrukturnom evolucijom legure.

Kljuéne reci: Visekomponentna legura Mg; Laka legura; Legura niske entropije (LEA); Mikrostruktura
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