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Abstract: The present study investigates the effects of Al content and solidification thermal parameters on the microstructural development under transient heat flow conditions for two hypereutectic
Zn–Al alloys: Zn-6wt.%Al and Zn-11wt.%Al. The alloys were directionally solidified and had experimental cooling profiles monitored permitting cooling rates and growth rates to be determined
along the length of the directionally solidified (DS) castings. The microstructure of the Zn-6wt.%Al
alloy is shown to be formed by eutectic colonies, constituted by a eutectic mixture of (Zn) and
(Al0 ) phases in the form of lamellae and the Zn-11wt.% Al alloy by the pro-eutectic (Al0 ) dendrites
and the eutectic mixture in the interdendritic regions. Growth laws are experimentally determined
relating eutectic and dendritic spacings to the growth rate and cooling rate. A diagram exhibiting
the coupled zone of Zn–Al alloys as a function of cooling rate is proposed, which shows different
microstructural morphologies influenced by composition and thermal parameters, that is, growth
rate and the temperature gradient, synthesized by the cooling rate (Ṫ = G.V). The microhardness
of both Zn-6wt.%Al and Zn-11wt.%Al alloys were shown not to depend on the length scale of the
resulting microstructure.
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1. Introduction
Zinc–aluminum-based alloys offer a series of very attractive properties for wide
applications in industry, such as to produce automotive parts, electronic/electrical systems
and also, water taps and sanitary fittings, household articles, fashion goods, etc. This
is because Zn has a lower melting temperature than Al and interesting combinations of
mechanical properties, such as tensile strength, elongation, hardness, etc. [1,2]. Other
features of these alloys that are widely investigated are wear resistance and corrosion
behavior. The excellent tribological properties are based on the behavior of Al and Zn oxides
formed; while the Al oxide acts as a load-bearing phase, the Zn oxide acts as a lubricant
under near-seizure conditions, being widely used in the manufacture of bearings [3–6].
Moreover, the corrosion behavior of Zn–Al alloys is most broadly exploited due to their
greater efficiency as sacrificial coatings for steels [7–9]. Zn–Al alloys also play important
roles in the electrical/electronic industries because of their melting point; these alloys are
indicated as solder alloys developed for high temperature applications [10–13].
It is well known that different characteristics of Zn–Al alloys result from distinct
manufacturing processes and alloying elements content [4]. For example, several works
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have shown that the microstructures of these alloys required to achieve certain application
properties can be obtained by controlling thermal parameters of solidification, i.e., by
modifying the manufacturing process [5,14–17]. Pressure die casting and gravity casting are
the most used manufacturing processes in the production of Zn–Al-based alloys [18], which
generally result in microstructures composed of eutectic and dendritic phases. Another
factor that changes the microstructure is the amount of Al soluble in the Zn-rich matrix and
of Al in the eutectic mixture, being 5 wt.% [2]. Therefore, it is expected that the Al content
influences the solidification behavior and, consequently, the microstructure evolution [19].
Al- and Zn-rich solid solutions are, respectively, known as (Al) and (Zn) [20,21] or α and
η [19,22], which are distributed in a specific manner depending on the Al content and the
cooling process during and after solidification. Li et al. [9] studied the effect of Al content
on the microstructure of several Zn–Al alloys coatings and found that the Zn-0.6wt.%Al
alloy consists of equiaxed η-Zn grains surrounded by narrow grain boundaries, while the
Zn-1.5wt.%Al alloy is formed by η-Zn grains, Zn–Al dendritic eutectoid structure and
lamellar Zn–Al eutectoid structure. They observed that the increase in the alloy Al content
up to 3wt.% and 6wt.%Al changes the microstructure considerably. The Zn-3wt.%Al
alloy presented shrunken η-Zn grains and a sharp increase in the amount of eutectoid
structure, while in the Zn-6wt.%Al alloy the η-Zn grains disappeared completely, resulting
only in presence of dendritic Zn–Al eutectoid structure and lamellar Zn–Al eutectoid
structure. Bansod et al. [23] also studied Zn–Al alloys having quite different Al contents
(1; 2.5; 4.5; 6; 6.5; 8.5; 11.5; 25; 55 wt.% Al) and observed that the increase in the alloy
Al content intensifies the formation of dendrites. El-khair et al. [22] observed that the
microstructure of a Zn-8wt.%Al alloy has coarse η-Zn rich dendrites and α + η eutectoid
colonies, while the Zn-12wt.%Al alloy has a more refined η-Zn rich phase and the presence
of eutectoid colonies in greater quantity as compared with the Zn-8wt.%Al alloy. Besides,
the Zn-27wt.%Al alloy microstructure consists of α-Al rich dendrites surrounded by α + η
eutectoid colonies. On the other hand, studies analyzing the influence of solidification
cooling conditions are rare in the literature.
Although several studies on Zn–Al alloys can be found in the literature, agreement
on a specific eutectic composition was not found, with several works that use the range
from 4 to 6wt.% Al [2,6,7,24,25]. However, Kurz [26] affirms that the microstructure
can vary not only with the alloy composition, but depends also on the solidification
thermal parameters, i.e., a desired microstructure can be obtained within a certain range
of composition and thermal parameters. So, a solidification microstructural selection map
(SMSM) can be set, considering the transition between a completely eutectic structure
and primary dendrites or cells surrounded by the eutectic structure. In this diagram,
the coupled zone defines the limits of the thermal parameters and compositions for fully
eutectic microstructures. Silva et al. [27] studied the microstructure evolution of some
Al–Co alloys and proposed an SMSM plot relating growth and cooling rates to the Co
composition, thus permitting a coupled growth zone to be determined. Kakitani et al. [28]
studied a range of alloys compositions of the Sn–Cu and Sn–Bi systems and they also
proposed SMSM’s relating growth rate to thermal gradient in or around the eutectic
composition comprising the influences of both solidification thermal parameters on the
microstructure growth. Although several compositions of Zn–Al alloys have already been
studied, to the best of the present authors’ knowledge, extensive information leading to
thermal parameters correlations with microstructures that could allow the development of
the coupled zone, comprising a wide range of alloy compositions, cannot be found in the
literature. Moreover, so far, no SMSM for the Zn–Al alloy system has been proposed. In this
sense, such map could provide a better understanding on the microstructural growth of
commercial Zn–Al-based alloys solidified under industrial conditions, i.e., non-stationary
heat flow conditions.
Recent studies show that Zn–Al alloys have promising applications as metallic coatings, mainly with additions of Mg [29–31]. Rai et al. [29] show that the improvement
in the corrosion resistance of steel coated with a Zn–Al–Mg alloy is due to preferential
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dissolution of MgZn2 present in the interdendritic regions of Zn-rich phases, promoting
better sacrificial protection. However, the available literature does not address the influence
of the manufacturing parameters on the resulting microstructure, which are related in
the present work to the solidification cooling rate. According to Prosek et al. [32], the
mass losses due to corrosion for Zn-5wt.%Al and Zn-3wt.%Al-2wt.%Mg alloys, used as
steel coatings, vary up to two times as a function of their microstructures. Considering
that metallic coatings deal with rapid cooling, this investigation would contribute to the
understanding of microstructures solidified out of equilibrium conditions since Zn–Al
binary alloys are the base of these alloys for coating purposes.
The present study aims to investigate the effects of Al content and solidification thermal parameters on the microstructural development under transient heat flow conditions
for two hypereutectic Zn–Al compositions: Zn-6wt.%Al and Zn-11wt.%Al. A water-cooled
solidification device is used to provide a wide range of cooling rates and, consequently,
a variety of resulting microstructures in a single experiment. The effect of the Al content
on the microhardness is also analyzed. Besides, this investigation seeks to contribute to a
better understanding of the coupled zone of the Zn–Al system, providing a SMSM diagram
involving data from the present study and results from the literature for Zn–Al alloys in a
range of Al contents from 0.5 to 11 wt.%.
2. Materials and Methods
The studied Zn–Al alloys were prepared from weighed quantities of commercially
pure Zn and Al, and their chemical composition are shown in Table 1. The alloys were
melted in a SiC crucible inside a muffle furnace (Brasimet, Jundiaí, Brazil) and poured into
the mold of a directional solidification device (Figure 1). The mold is made of stainless-steel
and has an internal diameter of 60 mm, height of 110 mm and wall thickness of 3 mm,
which is internally coated with alumina to avoid contact between liquid metal and mold.
The bottom part of the mold was closed with a thin (3 mm thick) polished carbon steel
sheet, which was quenched by water at room temperature. Such set up promotes the
directional transient solidification by extracting heat through a water-cooled mold bottom,
thus permitting a wide range of cooling rates to be operative along the length of the casting.
To measure the temperatures along the casting, a bank of fine type K thermocouples was
positioned at different positions along the casting length, from the heat-extracting surface
at the bottom of the casting (as shown in Figure 1). The position of each thermocouple was
measured at the post-mortem casting longitudinal sections containing the thermocouple
tip. All thermocouples were connected by coaxial cables to a data logger (Lynx, São Paulo,
Brazil) of 12 bits using a frequency of 5 Hz to record the thermal history in a computer.
Figure 2 shows the partial view of the Zn–Al phase diagram, where the Zn–6wt.%Al alloy
is indicated by a black dotted vertical line and the Zn–11wt.%Al alloy by a red dotted
vertical line. The phase diagram was used to determine the liquidus temperature (TL ). For
each alloy, the solidification onset was established when the temperature stabilized at 10%
above TL .
Table 1. Composition of the metals used to prepare the Zn–Al alloys.
wt.%

Al

Zn

Fe

Si

Mg

Cu

Pb

Al
Zn

Balance
-

0.01
Balance

0.03
0.015

0.03
0.003

0.01
-

0.01
-

0.012

From the experimental cooling profiles obtained from the thermocouples, it was
possible to determine the displacement of both liquidus and eutectic isotherms along
the length of the directionally solidified alloys castings through correlations between the
thermocouple positions (P), with respect to the cooled casting base and related times (t) of
each isotherm passing by each thermocouple. Thus, the power function (P = a.tb , being
a and b constants) can adequately represent the correlation between P and t to fit the
experimental data. A time-derivative of these functions results in the liquidus and eutectic
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cooling rates (ṪL , ṪE ) to be determined.

Figure 1. Schematics of the vertical upward directional solidification device.
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3. Results and Discussion
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The cooling profiles during the solidification experiments, obtained by six thermoThethe
cooling
profilesare
during
theinsolidification
obtained by six thermocouples positioned inside
DS castings,
shown
Figure 4. Theexperiments,
dotted and straight
couples
positioned
inside
the
DS
castings,
are
shown
in
Figure
4.
The dotted and straight
lines in each graph indicates the liquidus (TL) and eutectic (TE) temperatures, respectively.
lines in each graph indicates the liquidus (TL ) and eutectic (TE ) temperatures, respectively.
Analyzing the experimental cooling profile, the solidification started at higher temperaAnalyzing the experimental cooling profile, the solidification started at higher temperatures
tures for the higher Al content alloy, i.e., the increase in Al content in the alloy promotes
for the higher Al content alloy, i.e., the increase in Al content in the alloy promotes the rise
the rise of TL from 392 °C (Zn-6wt.%Al)
to 438 °C (Zn-11wt.%Al). For the thermocouples
of TL from 392 ◦ C (Zn-6wt.%Al) to 438 ◦ C (Zn-11wt.%Al). For the thermocouples closer to
closer to the cooled bottom
of the mold, the cooling curves are related to higher heat exthe cooled bottom of the mold, the cooling curves are related to higher heat extraction rates
traction rates and, consequently, the sharpest temperature decrease is realized for early
and, consequently, the sharpest temperature decrease is realized for early solidification
solidification times. On the other hand, for the thermocouple positioned far from the
times. On the other hand, for the thermocouple positioned far from the cooled bottom of
cooled bottom of the casting, the heat extraction rates decrease progressively due to the
the casting, the heat extraction rates decrease progressively due to the increasing thermal
increasing thermal resistance associated with the increase in the solidified layer from the
resistance associated with the increase in the solidified layer from the cooled base of the
cooled base of the casting. Figure 5 shows the experimental profile of liquidus and eutectic
casting. Figure 5 shows the experimental profile of liquidus and eutectic isotherms disisotherms displacements. It can be observed that the isotherms of the Zn-11wt.%Al casting
placements. It can be observed that the isotherms of the Zn-11wt.%Al casting are faster
are faster than those
ofthose
the Zn-6wt.%Al
casting.casting.
than
of the Zn-6wt.%Al
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The cooling rate profiles related to the liquidus, and the eutectic isotherms are shown
in Figure 6. A power function of the form Ṫ = cP−d , being c and d constants, is fitted to
the experimental points along the length of each alloy casting. The cooling rate profiles
of both Zn-6wt.%Al and Zn-11wt.%Al alloys castings show that at positions close to the
cooled bottom of the castings the solidification process occurs at high cooling rates. Besides,
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thermal
of the
theDS
alloy,
such as and
a lower
thermal alloys
conductivity
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Figure
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isotherms
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displacement
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and eutectic
isotherms
along
the length
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DS the length of the DS
alloys
castings,
where:
P
(mm)
is
the
thermocouple
position
from
the
cooled
alloys castings, where: P (mm) is the thermocouple position from the cooled bottom of the castingbottom of the casting
2 is the coefficient of determination.
2 is
and t (s)
is time: and
(a) liquidus
isotherm
and R
(b)
eutectic
isotherm.
and t (s) is time: (a) liquidus
isotherm
(b) eutectic
isotherm.
the coefficient
of R
determination.

The growth
the velocity
displacement
of are
each
isotherm, as a function
The cooling rate profiles
related rate,
to thei.e.,
liquidus,
and theofeutectic
isotherms
shown
of
the
thermocouple
positions
is
depicted
in
Figure
7.
For
the
liquidus
−d
in Figure 6. A power function of the form Ṫ = cP , being c and d constants, is fitted to the isotherm, it can
notedthe
that
the Zn-11wt.%Al
presents
a higher
growth
rateofprofile than that of
experimental pointsbealong
length
of each alloyalloy
casting.
The cooling
rate
profiles
the
Zn-6wt.%Al
alloy,
mainly
at
positions
closer
to
the
cooled
bottom
both Zn-6wt.%Al and Zn-11wt.%Al alloys castings show that at positions close to the of the casting. The
increase
in thethe
alloy
Al content, as
shownoccurs
in the Zn–Al
phase
diagram
(Figure 2), influences
cooled bottom of the
castings
solidification
process
at high
cooling
rates.
the solidification range. Since the Zn-11wt.%Al presents a larger solidification range,
consequently, it releases a larger amount of latent heat before the eutectic transformation,
which changes the solidification kinetics. Concerning the displacement of the eutectic
isotherm, for both alloys the results are quite the same, since the eutectic latent heat is all
released in a single temperature (TE ). In contrast, different profiles of cooling rates ṪE were
realized in Figure 6b, which can be explained due to different thermal gradient profiles
ahead of the eutectic isotherm (GE ), given by the relation GE = ṪE /VE [44].

Besides, comparing both alloys, it can be observed that the alloy with lower Al content
presents a lower profile of cooling rates along the length of the casting. This may be associated with both a lower metal/mold wettability in the early solidification stages of the
casting [41] and thermal properties of the alloy, such as a lower thermal conductivity of
Metals 2022, 12, 1076
the alloy having lower aluminum content, since Al has a thermal conductivity higher than
that of Zn [42,43].
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Figure 8 shows the solute profiles along the length of the DS castings, determined by
X-ray fluorescence. For both Zn–Al alloys, the composition of Al remained approximately
constant and close to the nominal Al concentration of each alloy, which does not configure
the occurrence of macrosegregation.
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and;
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Al
to the following proportions: Zn-6wt.%Al→6wt.% Al’ (FCC_L12) + 94wt.% Zn (HCP_ZN)
characterizes the beginning of the formation of the first solid particles (Al-rich dendritesand; Zn-11wt.%Al→11wt.%
Al´ (FCC_L12) + 89wt.% Zn (HCP_ZN). The temperature that
(Al0 ) phase), that is, the liquidus temperature, is 393 ◦ C and 438 ◦ C, for Zn-6wt.%Al and
characterizes the beginning of the formation of the first solid particles (Al-rich dendritesZn-11wt.%Al alloys, respectively. Analyzing the slope of the liquid phase curve (dashed
(Al’) phase), that is, the liquidus temperature, is 393 °C and 438 °C, for Zn-6wt.%Al and
line) it is observed that the solidification interval is shorter for the Zn-6wt.%Al alloy. The
Zn-11wt.%Al alloys, respectively. Analyzing the slope of the liquid ◦phase curve◦ (dashed
eutectic and eutectoid reactions are expected to occur at 381 C and 277 C, respectively,
line) it is observed that the solidification interval is shorter for the Zn-6wt.%Al alloy. The
for both alloys. Solid phase transformation between this temperature range (381–277 ◦ C)
eutectic and eutectoid reactions are expected to occur at 381 °C and 277
°C, respectively,
occurs in which the (Zn) phase (HCP_ZN) grows from the (Al0 ) phase (FCC_L12). At the
for both alloys. Solid phase transformation
between
this
temperature
range
(381–277 °C)
eutectoid temperature (277 ◦ C), another solid transformation occurs (Al0 )→(Al) + (Zn).
occurs in which the (Zn) phase (HCP_ZN) grows from the (Al´) phase (FCC_L12). At the
Figures 10 and 11 show the typical microstructures of the DS Zn-6wt.%Al and Zneutectoid temperature (277 °C), another solid transformation occurs (Al´)→(Al) + (Zn).
11wt.%Al alloys castings, respectively. The microstructures were characterized from both
transverse and longitudinal sections of the samples using optical microscopy (OM) and
scanning electron microscopy (SEM) techniques. For the Zn-6wt.%Al alloy, as can be observed in Figure 10a,b, the eutectic colonies are constituted by a eutectic mixture of (Zn)
and (Al0 ) phases in the form of lamellae. Moreover, since (Al0 ) is a metastable phase, it
undergoes a eutectoid transformation at 277 ◦ C [(Al0 )→(Al)→(Zn)], as previously mentioned. Hence, as can be seen in Figure 10a at higher magnification (10,000×), the resulting
microstructure is composed also by lamellae (Al dark phase + Zn gray phase) neatly distributed over a Zn-rich matrix (the gray phase). For hypereutectic Zn–Al alloys close to the
eutectic composition, the Al-rich dendrites, composed by primary metastable phase (Al0 ),
are expected to be formed in a narrow range of temperatures, between the liquidus temperature (TL ) and the eutectic temperature (TE ), which would precipitate from the global liquid
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(L). However, in eutectic alloy systems, a competition between the eutectic structure and
the primary phase determines the resulting microstructure for alloy compositions near the
eutectic invariant point. A near eutectic alloy may present a fully eutectic microstructure
if the growing phase takes precedence over the primary phase. Otherwise, the resulting
microstructure may be characterized by the dominant primary phase [45]. In this case, the
primary phase has been suppressed, i.e., the high cooling rates imposed by the transient
solidification may induce the lamellar eutectic growth before the dendrites formation. The
literature states that during the solidification process, high cooling rates may induce the
precipitation of unexpected phases for a given composition or may even suppress the
formation of the phases predicted for equilibrium conditions [46–48]. Solidification of a
eutectic phase encompasses a diffusive coupling process of high efficiency, which can be
faster than the isolated growth of a single phase, i.e., primary dendrites, even for alloys of
pro-eutectic composition [49]. At high cooling rates, dendritic growth may be contained by
the faster growth of the eutectic, and, consequently, purely eutectic microstructures can
be obtained for near eutectic compositions. Porot et al. [25] demonstrated the growth of
eutectic colonies for the hypereutectic Zn-5.5wt.%Al alloy solidified under high cooling
rates. The same microstructure change was observed to occur in different hypereutectic
alloys: Al-Al2 Cu [50]; Al–Fe [26]; Al–Si [51]; Co–Sn [52]. A solidification microstructure
selection map, encompassing a range of growth and cooling rates, for the Zn–Al alloys will
be further presented in a specific section.
The typical microstructure of the Zn–11wt.% Al alloy is shown in Figure 11. The
microstructure is characterized by the presence of pro-eutectic (Al0 ) dendrites and interdendritic regions composed by the eutectic mixture [(Al0 ) + (Zn)]. It is worth mentioning
that both the dendritic pro-eutectic (Al0 ) phase and the (Al0 ) lamellae phase of the eutectic
mixture are formed by the product of the eutectoid transformation [(Al0 )→(Al) + (Zn)],
with Al being the darker region, and Zn, the lighter region. The microstructural analysis
performed at the longitudinal section of the DS casting (Figure 11b) revealed that the
primary phase developed in the form of columnar dendrites. A previous study performed
with the hypereutectic Zn-8wt.%Al and Zn-8wt.%Al-Xwt.%Bi (X = 1.5, 2.3, and 3.0) alloys,
solidified under unsteady-state heat flow conditions, has shown that the primary phase
Metals 2022, 12, x FOR PEER REVIEWdeveloped in the form of predominantly equiaxed dendrites for both binary and ternary
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To confirm the aforementioned phases, XRD analyses were carried out on two samples
extracted from each DS Zn–Al alloy casting, subjected to different solidification cooling
rates. From these results in Figure 12, pattern indexing established a Zn phase and an Al
phase, confirming that the eutectoid transformation has occurred from the (Al0 ) phase into
(Al) and (Zn).
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be clearly seen that the microstructure is more refined at higher growth and cooling
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rates and becomes coarser as the rate decreases.
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scribetoλ adjust
vs Ṫ and
vs V evolutions.
and
λ
vs
V
evolutions.
scribeFigure
λ vs Ṫ15
and
λ vsthe
V evolutions.
shows
influence of the thermal parameters on the eutectic colony spacFigure
15
shows
the
influence
theon
thermal
parameters
on the
eutectic
ing (λEC) for the Zn-6wt.%Al
alloy,ofand
the eutectic
lamellae
spacing
(λ Lcolony
) for thespacZning
(λ
EC) for the Zn-6wt.%Al alloy, and on the eutectic lamellae spacing (λ L) for the Zn11wt.%Al alloy. The adjusted scaling laws relating λEC to VE and ṪE are power functions
11wt.%Al
scaling laws
relating λ
EC to VE and ṪE are power functions
typified byalloy.
−1/2 The
and adjusted
−1/4 exponents,
respectively.
These
exponents follow the classical
typified
by −1/2
andlamellar
−1/4 exponents,
respectively.
These
exponents
classical
relationship
for the
eutectic growth
proposed
by Jackson
andfollow
Hunt, the
where
λ 2V =
2V =
relationship
for
the
lamellar
eutectic
growth
proposed
by
Jackson
and
Hunt,
where
λ
2
constant [53]. Since the cooling rate is given by a constant multiplied by V [54] and
2
constant [53]. Since the cooling rate is given by a constant multiplied by V [54] and

Metals 2022, 12, 1076

14 of 20

Figure 15 shows the influence of the thermal parameters on the eutectic colony spac16 of
23
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ZnMetals 2022, 12, x FOR PEER REVIEW 11wt.%Al alloy. The adjusted scaling laws relating λEC to VE and ṪE are power functions
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The secondary dendritic arm spacing (λ2) as a function of thermal parameters is displayed in Figure 17. The data are compared with an experimental growth law of the hyThe secondary dendritic arm spacing (λ2) as a function of thermal parameters is dispereutectic Zn-8wt.%Al alloy [20], also solidified under transient conditions. It can be obplayed in Figure 17. The data are compared with an experimental growth law of the hyserved that high cooling and growth rates are related to decreasing λ2. The power function
pereutectic Zn-8wt.%Al alloy [20], also solidified under transient conditions. It can be ob-
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The secondary dendritic arm spacing (λ2 ) as a function of thermal parameters is
17 of of
23
in Figure 17. The data are compared with an experimental growth law
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ṪE ) cooling
liquidus
isothermliquidus
(VL ) andisotherm
eutectic isotherm
eutectic
isotherm
(VE ) growth
rates:(ṪE) cooling rates; and liquidus isotherm (VL) and eutectic isotherm
(VE) growth rates:
Zn-6wt.%Al alloy:
Zn-6wt.%Al alloy:
λEC = 33.9VE −1/2
and λEC = 79.8ṪE −1/4
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ṪEE−−1/4
E E−1/2and
L L==0.87
L = 0.57V
andλλ
0.87Ṫ

λ1 = 81.6VL −1.1 and λ1 = 239.8ṪL −0.55
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The microhardness
of
both
Zn-6wt.%Al
and
Zn-11wt.%Al
(G), both synthesized by the cooling rate (Ṫ = G.V).alloys were shown not to
depend on the length scale of the resulting microstructure, with HV being essentially
•
The microhardness of both Zn-6wt.%Al and Zn-11wt.%Al alloys were shown not to
constant. The mean Vickers microhardness of the Zn-11wt.%Al alloy was found to be
depend on the length scale of the resulting microstructure, with HV being essentially
about 5.5% higher than that of the Zn-6wt.%Al alloy.
constant. The mean Vickers microhardness of the Zn-11wt.%Al alloy was found to
be about 5.5% higher than that of the Zn-6wt.%Al alloy.
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•

The approach of this research can be useful in alloys of the Zn–Al system with the
addition of a third element in order to seek a better understanding of the microstructures solidified under unsteady-state solidification conditions. It is possible, in this
way, to raise correlations between mechanical, wear and corrosion properties with
microstructural parameters to seek the best control of the processing parameters in
others to obtain the final product with specific characteristics.
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XFR
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λEC
λL
λ1
λ2 λ2
Ṫ
ṪL
ṪE
V
VL
VL
GE

directionally solidified
energy dispersive spectrometer
x-ray fluorescence spectrometer
x-ray diffractometry
solidification microstructural selection map
liquidus temperature
eutectic temperature
eutectic colony spacing
eutectic lamellae spacing
primary dendritic arm spacing
secondary dendritic arm spacing
cooling rate
cooling rate of liquidus isotherm
cooling rate of eutectic isotherm
growth rate
growth rate of liquidus isotherm
growth rate of eutectic isotherm
gradient profiles ahead the eutectic isotherm

References
1.
2.
3.
4.
5.
6.
7.

Zinc and Zinc Alloys. In Metals Handbook Desk Edition; ASM International: Almere, The Netherlands, 2018; pp. 589–597.
Pola, A.; Tocci, M.; Goodwin, F.E. Review of Microstructures and Properties of Zinc Alloys. Metals 2020, 10, 253. [CrossRef]
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