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Determination of the thermal properties of Al-Zn-Mg alloy
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Abstract
In this work, the thermal conductivity, enthalpy of fusion, speciﬁc heat capacity, and thermal diﬀusivity of the Al-5.5Zn-2.5Mg (wt.%) ternary alloy have been investigated. Thermal
conductivity of as-cast Al-5.5Zn-2.5Mg alloy was measured using comparison cut bar method
in the temperature range of 323–723 K. With the increase of temperature, thermal conductivity decreased gradually in as-cast Al-5.5Zn-2.5Mg alloy. The thermal temperature coeﬃcient
was calculated from the respective graph. The enthalpy of fusion and the speciﬁc heat capacity
during the transformation were also determined. Thermal diﬀusivity changes were calculated
as a function of temperature through the obtained thermal data. It was observed that thermal
diﬀusivity values decreased with increasing temperature.
K e y w o r d s : 7XXX alloys, thermal conductivity, thermal diﬀusivity, speciﬁc heat capacity,
enthalpy of fusion

1. Introduction
7075 Al alloy (7XXX series), with its good machinability and weldability, is widely used in welded engineering structural components, military applications,
cryogenic pressure vessels, components of spacecraft
liquid-propellant engines, and bridge beams for road
systems and in aerospace applications. In space applications, this material may be subjected to extreme
environmental conditions, including both low and high
temperatures, high pressures and highly corrosive and
reactive ﬂuids [1–3]. Thermal parameters such as thermal conductivity, thermal diﬀusivity and speciﬁc heat
have a strong inﬂuence on the cold forming, hot forming and weld penetration. Selecting appropriate process parameters is diﬃcult, which necessitates the
need to build a relationship between the processing
parameters and the quality of the weld joint [4]. In
the experimental determination of the thermal conductivity (K) of solids, several diﬀerent methods of
measurement are required for diﬀerent ranges of temperature and various classes of materials having different ranges of K values.
Thermal conductivity measurement methods are
*Corresponding author: e-mail address: ecadirli@gmail.com

typically classiﬁed into two categories: steady-state
and transient. Steady-state measurement employs a
constant temperature gradient in the sample, whereas
transient measurement relies on a pulse or continuous
heating with subsequent dynamic temperature monitoring. Though typically characterized by quick measurement times and simple setups, transient measurement methods such as hot wire [5], hot plate or hot
disk [6], thermal probe [7–9], laser ﬂash [10], and line
source [11] or the recently developed photo-acoustic
[12] and photo-thermal [13] methods were excluded
as potential measurement options for this work due
to the fuel compact’s geometry and composition as
well as the non-destructive requirement. Though the
main principle on which steady-state thermal conductivity measurement methods are based is quite simple (Fourier’s law), such measurement methods often
require a complex, carefully designed and operated
experimental setup. Steady-state and transient methods may be further categorized as either absolute or
comparative based on whether the heat ﬂux in the
sample is measured directly (e.g., power input to a
heater) or is calculated based on a comparison with
the heat ﬂux in an adjacent reference sample with
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known properties. Standard steady-state methods include the guarded hot plate [14], the radial heat ﬂow
[15], the axial heat ﬂow [16–18], and the direct heating
[19] methods. For this work, the comparative-guarded-axial heat ﬂow or comparative cut bar method was
selected for the studied alloy. This method has been
widely employed in scientiﬁc studies and industry.
However, reports of detailed uncertainty analysis are
limited. The precision error associated with the heat
ﬂux equation used to calculate thermal conductivity
in this method has been discussed [20, 21] whereas systematic error analysis associated with geometries and
reference and sample thermal conductivity mismatch
was found only [22].
Thermal transport in metals is complex due to the
coexistence of electron and phonon conduction and the
strong interaction between them. The total thermal
conductivity (Ktot ) has two components: The electronic thermal conductivity (Ke ) and the lattice (or
phonon) thermal conductivity (KL ). The total thermal conductivity is the sum of these two components:
Ktot = Ke + KL .

(1)

The contribution of electrons is more signiﬁcant
than that of phonon at all temperatures in pure metals.
There are many studies on the measurement of
thermal conductivity of diﬀerent Al-based alloys under various experimental conditions (heat treatment,
extrusion, hot forging, etc.). However, the research
on the commercially crucial Al-5.5Zn-2.5Mg alloy is
scarce. There are very few studies in the literature
that measure the change in thermal conductivity depending on temperature for a similar alloy [23–25].
Li and Yu [23] studied the thermal conductivity
of the Al-6.1Zn-2.3Mg-1.9Cu (wt.%) alloys at various
heat treatment conditions (solution treated at 748 K
and aged at 445 K for 4 h). The results show that the
thermal conductivity decreased gradually with the increase of temperature in the temperature range of
450–725 K. Hamilton et al. [24] investigated the behavior of thermal conductivity and speciﬁc heat capacity for AA7050 (Al-5.6Zn-2.5Mg-1.6Cu (wt.%)) alloy
produced by chill casting method depending on the increasing temperature. They observed that the thermal
conductivity decreased, and the speciﬁc heat capacity increased in the temperature range of 550–700 K.
Murthy et al. [25] reported the thermal conductivity
values for AA7075 (Al-3.25Zn-1.9Mg-1.8Cu (wt.%))
and hybrid composites at diﬀerent TiO2 weight fraction and diﬀerent temperatures. They found that the
thermal conductivity decreased for both the AA7075
alloy and the composite alloys depending on the increasing temperature. Also, they have observed that
the thermal conductivity of hybrid composites was
lower than that of unreinforced AA7075 alloy.

In this study, Al-5.5Zn-2.5Mg alloy is preferred because of its good machinability and weldability. The
diﬀerence in our research from other studies is that
thermal properties have been investigated in a wide
temperature range (∼ 323–723 K) without any heat
treatment or mechanical process. Thus, the purpose
of this work was to determine the thermal conductivities (K), thermal diﬀusivity, and speciﬁc heat of
studied alloy depending on temperature. Experimental processes were carried out in three steps. In the
ﬁrst step, the variation of thermal conductivity of
Al-5.5Zn-2.5Mg alloy was measured in the range of
temperature (∼ 323–723 K) by using comparative cut
bar method. In the second step, the enthalpy of fusion (ΔH) and the speciﬁc heat capacity (Cp ) during
the transformation were determined with Diﬀerential
Scanning Calorimetry (DSC). In the third step, thermal diﬀusivity (α) changes were calculated as a function of temperature based on the obtained thermal
data for the studied alloy.

2. Experimental procedure
2.1. Sample preparation
For Al-5.5Zn-2.5Mg ternary alloy, the quantities of
the metals were determined by making stoichiometric
calculations, and it was paid attention that the metals used in the preparation of this ternary alloy were
signiﬁcantly higher than of 99.9 % purity (alloys attributed in this study were given by weight per cent
unless otherwise stated). When an alloy material with
insuﬃcient purity is prepared, impurities accumulate
on the interface and negatively aﬀect the structure
shapes formed on the interface during the experimental process. First, Al was placed in a graphite mold and
melted in a vacuum furnace. After the Al melted utterly, the required amount of Zn (5.5 wt.%) was placed
under the surface of the liquid Al. Three stirrings of
the liquid Al-Zn alloy were carried out at ﬁve-minute
intervals and then required amount of Mg (2.5 wt.%)
packed with pure thin Al foil was placed in a graphite
cage with many perforations; it was then put under the
surface of the liquid Al-Zn alloy to avoid Mg burning
on the surface of the melt. Homogeneously prepared
melt alloy, without any air bubbles, was poured into
the previously prepared (4 mm ID, 6.35 mm OD and
250 mm in length) graphite crucibles placed inside the
casting furnace (Fig. 1).
2.2. Measurement of the thermal
conductivity K
The measurements were carried out on as-cast
samples. So, no heat treatment had been applied. In
the comparative cut bar method, a test sample of un-
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Fig. 1. (a) Graphite cage, (b) top view of alumina crucibles, and (c) crucibles in the casting furnace.

known thermal conductivity is sandwiched between
two reference material (pure Al) with known thermal conductivity using thermal grease and a pliable
metal foil to eliminate interfacial thermal contact resistance between the materials. Before the sandwiching process, each of these materials (the test and reference samples) was cut into 12 mm length and drilled
0.7 mm in diameter from the center for a thermocouple placement. Then, the surfaces of each sample were
polished to minimize contact resistance at the inter-

faces. Thermocouples placed along the length of the
three material pieces yield information on the rate of
heat ﬂow through the two reference-material sections
of known conductivity. The heat-ﬂow rate can then be
used to determine the thermal conductivity of the unknown sample using the one-dimensional Fourier conduction equation, Eq. (2):
Q = −KA

dT
,
dx

(2)
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Fig. 2. Schematic illustration of the experimental setup: (a) comparative cut bar experimental setup and (b) comparative
cut bar design (enlarged view).

where Q is the rate of heat ﬂow, K is the thermal conductivity, A is the cross-sectional area through which

the heat ﬂows, and dT /dx is the temperature gradient. Experimentally, dT is approximated by ΔT , the
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ﬁnite temperature diﬀerence, and dx is approximated
by Δx, the distance over which the temperature difference is measured.
Figure 2 shows a schematic diagram of the comparative-longitudinal-heat ﬂow method. In this method,
a test sample (as-cast condition) of unknown thermal
conductivity (Ks ) is sandwiched between two reference samples (pure Al) of known thermal conductivity
(Kr ) in axial heat ﬂow furnace. A temperature gradient, ΔT /ΔX is set up through the samples such that
it may be measured in each of the three samples. The
heat ﬂux through the unknown sample can be calculated from the Eq. (3):
Q
ΔT34
Kr
= −Ks
=
A
ΔX34
2



ΔT12
ΔT56
+
ΔX12
ΔX56


.

(3)

As can be seen in Fig. 2, the axial heat ﬂow furnace
has three main parts. There are hot and cold regions in
the furnace to create a vertical temperature gradient
in the test sample and reference sample. The driving
system mounted under the furnace ensures that the
samples come in the appropriate region. To get an axial heat ﬂow, cylindrical samples are heated from the
top and cooled from the bottom with the water cooling
system. Lateral heat ﬂow can be reduced with suitable
insulation. The experimental system is also capable of
operating under an inert gas atmosphere. A vacuum
is not recommended for this type of measurement [16]
as it can increase the thermal contact resistance. The
lateral heat loss is more critical than the reduced contact resistance in this case because of the large ratio
of lateral surface area to sample-column (radial) interfacial area. For this reason, lower conductivity argon
has been selected to provide the inert environment.
The furnace was heated in steps of 50 K from the
room temperature up to approximately 800 K. The
temperature of the furnace was controlled to an accuracy of ± 0.1 K with a Eurotherm 2604 type controller. The samples (test and reference) were kept at
steady state condition for at least two hours for a setting temperature. At the steady-state condition, the
temperatures of the axial position of the samples (red
points) were measured with a mineral insulated metal
sheathed, and 0.5 mm in diameter K-type thermocouples were moved through the center of cylindrical samples (Fig. 2b). All measurement thermocouples were
connected to a Pico TC-08 data-logger unit. A computer was used to record all the data. The error in the
thermal conductivity measurements was calculated to
be about 5 %.
The dependence of K of the solid phase on temperature can be expressed as
K = K0 [1 + αTTC (T − T0 )]

pressed as [10]:
1 ΔK
K − K0
=
,
K0 (T − T0 )
K0 ΔT

αTTC =

(4b)

where K is the thermal conductivity at the temperature T , K0 is the thermal conductivity at the room
temperature (T0 ).
2.3. Determination of ΔH, Cp and thermal
diﬀusivity
Diﬀerential scanning calorimetry (DSC) is carried
out together with thermogravimetric (TG) analysis of
the sample, using a Netzsch STA 449 C Jupiter balance. The DSC curve shows the amount of heat required to increase the temperature of a sample; the
speciﬁc heat capacity, Cp , is determined by
mCp

dQ
dT
=
,
dt
dt

(5)

where m is the mass of the sample, dT /dt is heating
rate, and dQ/dt is heat ﬂow. A reference sample with
a well-deﬁned speciﬁc heat capacity, sapphire in this
study, was measured together with the sample. The
heat ﬂux and temperature diﬀerence between the sample and the reference throughout the heating and/or
cooling were measured, and the speciﬁc heat capacity
of the sample was determined by using Eq. (5). Measurements of thermal properties were carried out during heating and subsequent cooling regimes at a rate of
5 K min−1 under argon ﬂow (50 mL min−1 ). The accuracy of determination of the temperature and enthalpy
of reactions were ± 0.2 K and ± 5 %, respectively.
Another important variable in deﬁning the thermal
properties of a material is thermal diﬀusivity. This is
a measurement of the rate at which a material can
adapt to a thermal disturbance travelling through it.
Whereas thermal conductivity measures the rate at
which thermal energy travels through a body, thermal
diﬀusivity deals speciﬁcally with the associated rise
in temperature measured in m2 s−1 . After measuring
the thermal conductivity using comparative cut bar
method, the thermal conductivity was substituted into
Eq. (6) to calculate the thermal diﬀusivity:
α=

K
,
ρCp

(6)

where α is the thermal diﬀusivity, K is the thermal
conductivity, ρ is the density, and Cp is the speciﬁc
heat capacity. Densities at elevated temperatures were
calculated using Eq. (7):

(4a)

and the thermal temperature coeﬃcient, αTTC, is ex-
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,
(1 − αT (T − TRT ))3

(7)
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T a b l e 1. The chemical composition analysis with direct current plasma emission spectroscopy (DPES) of the studied
alloy (Al-5.5Zn-2.5Mg)
Element
(wt.%)
Error (%)

Zn

Mg

Cu

Fe

Cr

Mn

Si

Ti

Al

5.72
0.03

2.48
0.02

0.12
0.03

0.10
0.007

0.16
0.009

0.18
0.006

0.11
0.02

0.06
0.003

Balance
0.3

where αT is the thermal expansion coeﬃcient and TRT
is the room temperature.

3. Results and discussion
3.1. Characterization of the phases and
compositions
The veriﬁed compositions in Table 1 were obtained
from the studied alloy system by the bulk chemical
analysis performed with direct current plasma emission spectroscopy (DPES). DPES analysis was repeated three times for the cast samples, and the mean
and error percentages were calculated. As seen in Table 1, the composition quantities of Al, Zn, Mg, and
other impurities were found to be 91.07, 5.72, 2.48,
and 0.73 %, respectively. These values are in agreement with the nominal compositions of the samples.
XRD data for phase identiﬁcation of Al-5.5Zn-2.5Mg
alloy are shown in Fig. 3. In cast condition, alloy exhibited peaks for α-Al, MgZn2 (η), and Al2 CuMg (S)
phases. Peaks (black squares) at 38.4◦ , 44.4◦ , 64.9◦ ,
and 78◦ correspond to α-Al phase. Peaks (red triangles) at 39.7◦ , 40.6◦, 41.8◦ , and 64.9◦ correspond to intermetallic hexagonal MgZn2 (η) intermetallic phase.
Peaks (blue circles) at 78◦ and 82.2◦ correspond to intermetallic orthorhombic Al2 CuMg (S) intermetallic
phase. Peaks which ﬁt many phases show the possibility to exist with only the XRD result. Therefore,
analyzing together with other methods such as EDX
or DPES is necessary to determine whether the phase
really exists or not. The DPES analysis results in Table 1 conﬁrm the XRD-detected phases in Fig. 3. Both
DPES analysis (Table 1) and XRD pattern (Fig. 3)
strongly indicate that only three phases (α-Al, MgZn2 ,
and Al2 CuMg) are present in the microstructure of the
cast sample.
3.2. Dependence of K on the temperature
Figure 4 illustrates the K values of the studied
alloy and pure Al [26] with temperature. As can be
seen from the graph, K values decrease with increasing temperature. As can be seen in Fig. 5, the K
values of pure Al [26], pure Zn [26], pure Mg [27],
studied alloy and some Al alloys [23–25, 28–31] decrease with increasing temperature, and the measured

Fig. 3. X-ray diﬀraction (XRD) patterns obtained from the
Al-5.5Zn-2.5Mg alloy.

Fig. 4. The variation of thermal conductivities with temperature for Al-5.5Zn-2.5Mg alloy and pure Al.

lines of K variations with temperature for the Al-5.5Zn-2.5Mg alloy are fairly below the line of K variation with temperature for pure Al [26], pure Mg
[27], Al-1Mg alloy [28], Al-5Zn [29], Al-0.7Mg-0.4Si
[30], Al-6.1Zn-2.3Mg-1.9Cu [23], and Al-5.6Zn-2.5Mg-1.6Cu [24]. Also, the K values obtained for the studied alloy (Table 2) were slightly higher than those obtained for pure Zn [26], 7075/AlN composite [31], and
Al-3.25Zn-1.9Mg-1.8Cu alloy [25]. In the case of pure
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T a b l e 2. Measured K values of the studied alloy in the
range of 323–723 K
Temperature T
(K)
323
363
408
448
476
556
648
723

Fig. 5. The variation of thermal conductivities with temperature for the pure Al, pure Zn, pure Mg, Al-5.5Zn-2.5Mg
alloy, and other Al-based alloys.

Al and pure Zn, there were relatively fewer impurities, such as solute atoms of Mg and Zn in α-Al matrix. So, the scattering of an electron by impurity was
weak. With the increase of temperature, the vibration of lattice became more severe, which strongly impeded the movement of both electrons and phonons;
thus, the electron-phonon and phonon-phonon scattering became dominant at higher temperature range,
leading to lower thermal conductivity. According to
Fig. 5, with increasing temperature, the values of K
decreased from 240, 156, 141, and 121 W m−1 K−1 to
213, 147, 109, and 105 W m−1 K−1 , for the pure Al
[26], pure Mg [27], Al-5.5Zn-2.5Mg, and pure Zn [26],
respectively. Some studies on this subject for binary
(Al-Zn, Al-Mg), ternary (Al-Mg-Si), and quaternary
(Al-Zn-Mg-Cu) alloys have been examined, and some
main results are summarized below.
Erol et al. [29] examined the thermal conductivity
of the radial heat ﬂow applied to Al-5Zn alloy. They
found that thermal conductivity decreased from 182
to 144 W K−1 m−1 with increasing the temperature
from 373 to 823 K. The authors determined the αTTC
value for this alloy as 0.00043 K−1 . Besides, they also
found in their studies that the increased amount of Zn
decreased the thermal conductivity.
Ho et al. [28] performed heat treatment for the
alloy with Al-1Mg composition and then determined
the thermal conductivities for the (Al) solid solution.
They reported that thermal conductivity decreased
from 208 to 195 W K−1 m−1 in the range of 600–900 K.
Smith [30] investigated thermal conductivity behavior of the 6063-T1 (Al-0.7Mg-0.4Si) and reported
that thermal conductivity decreased from 228 to
222 W K−1 m−1 in the range of 373–523 K. However,
the author stated that the increasing Mg concentration has negative eﬀects on the thermal conductivity

Thermal conductivity K
(W m−1 K−1 )
141.6
137.8
133.6
131.3
126.4
119.6
115.3
109.6

±
±
±
±
±
±
±
±

8
7
7
8
7
6
7
6

of the alloy studied. It was postulated that this behavior was directly attributable to the inﬂuence of each
element on the concentration of magnesium dissolved
within the aluminum grains.
In another study, Murthy et al. [25] investigated
the thermal conductivity of 7075 alloy (Al-3.25Zn-1.9Mg-1.8Cu) produced by stir casting technique followed by hot forging. They reported that thermal conductivity decreased from 127 to 122 W K−1 m−1 in
the range of 323–523 K. Also, by these authors, different amounts of TiO2 reinforcements were added to
7075 alloy and the change of K values according to
both temperature and TiO2 reinforcements was investigated. They reported that the K values clearly
decreased with increasing temperature and amount of
TiO2 reinforcements.
Although K values obtained by us in the broader
temperature range (323–823 K) are lower than the K
values obtained by Smith [30] and Ho et al. [28], it is
higher than the values obtained by Murthy et al. [25]
and Erol et al. [29]. As seen from the results, not only
temperature and composition are suﬃcient on thermal
conductivity, but also heat treatment, mechanical processing, and minor additions of elements are eﬀective.
Generally, the addition of the alloying elements to alloys leads to the decrease of the thermal conductivity
of the alloys. It is generally believed that the addition of the alloying elements destroyed the periodic
arrangement of matrix atoms and impeded the movement of electrons in the crystal lattice to reduce the
average free path of electrons, thereby reducing the
thermal conductivity of the alloys.
αTTC values of pure metals and worked alloy were
calculated from the K-T curves seen in Fig. 5. The
αTTC values for the pure Al, pure Zn, pure Mg, and
Al-5.5Zn-2.5Mg alloy were calculated as –2.25 × 10−4 ,
–4.41 × 10−4 , –1.40 × 10−4 , and –5.65 × 10−4 K−1
in the range of temperature 323–823 K, respectively,
as can be seen in Table 3.
3.3. The ΔH, Cp , and thermal diﬀusivity (α)
The thermal properties of the Al-5.5Zn-2.5Mg al-
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Fig. 6. The heat ﬂow-temperature curve of Al-5.5Zn-2.5Mg
alloy.

Fig. 7. The variation of speciﬁc heat capacity with temperature for the pure Al, Al-5.5Zn-2.5Mg alloy and other
Al-based alloys.

T a b l e 3. Calculated values of the αTTC of the pure Al,
pure Zn, pure Mg, and studied alloy in the range of 323–
823 K
Material
Pure Al
Pure Mg
Pure Zn
Al-5.5Zn-2.5Mg

αTTC × 10−4 (K−1 )
–2.25 [26]
–1.40 [27]
–4.41 [32]
–5.65 (This work)

loy such as ΔH, Tm , and Cp were investigated using
a heating rate of 5 K min−1 in the range 300–1100 K
with DSC analysis in a ﬂow of puriﬁed argon. The

Fig. 8. Temperature dependence of the thermal diﬀusivity
of the pure Al, Al-5.5Zn-2.5Mg alloy and other Al-based
alloys.

variation of the heat ﬂow with temperature is given
in Fig. 6. A sharp peak occurred during melting. The
melting temperature (Tpeak ) of the studied alloy was
determined to be 919.2 K, the ΔH and CP values were
calculated as 295.2 J g−1 and 1.05 J g−1 K−1 , respectively. Figure 7 shows the temperature dependence of
the calculated CP for the pure Al [33], Al-5.5Zn-2.5Mg
alloy and other Al-based alloys [24, 30, 34–36]. The
empirical relationships [37, 38] used in the calculation
of the CP for solid and liquid phases of pure Al, Zn,
and Mg are given in Table 4. According to Neumann-Kopp rule [36], the CP of an alloy is equal to the
sum of the products of the atomic fraction of the constituent elements, and their atomic CP . CP −T change
for the studied alloy was calculated numerically by
Neumann-Kopp rule [36].
As can be seen in Table 4, CP values for liquid
phases of the pure Al, Zn, and Mg metals are generally constant while CP in solid phases increased depending on the temperature. The thermal diﬀusivities
were calculated by inserting the thermal conductivities, density, and speciﬁc heat data for studied alloy
in Eq. (7). Density varies as a function of temperature
as seen in Eq. (8). This situation was taken into consideration for the studied alloy. The values of thermal
diﬀusivity decreased with increasing temperature. The
temperature dependence of thermal diﬀusivity for the
pure Al [39], studied alloy and some other Al-based
alloys [30, 40–43] is shown in Fig. 8. With the increase of temperature from 323 to 723 K, the value
of thermal diﬀusivity decreased from 46.8 × 10−6 to
36.2 × 10−6 m2 s−1 for the Al-5.5Zn-2.5Mg alloy. The
thermal diﬀusivity of the pure Al and other alloys decreased with increasing temperature. In the thermal
diﬀusivity values for alloys being close to each other,
dilution of alloys may play a dominant role.
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T a b l e 4. Speciﬁc heat capacities of the pure Al, Zn, and Mg metals
Material

CP (liquid) (J g−1 K−1 )

CP (solid) (J g−1 K−1 )

Pure Al
Pure Zn
Pure Mg

1.18 [37]
0.48 [38]
1.32 [37]

4.94 + 2.96 × 10−3 T [37]
5.35 + 2.4 × 10−3 T [38]
5.33 + 2.45 × 10−3 T – 0.103 × 10−5 T −2 [37]

4. Conclusions
The thermal conductivity, thermal diﬀusivity, ΔH,
and CP of the Al-5.5Zn-2.5Mg alloy were investigated.
The results are summarized as follows:
1. The K of the Al-5.5Zn-2.5Mg alloy linearly decreases from 141.6 to 109.5 W m−1 K−1 with increasing temperatures from 323 to 723 K. The αTTC value
(–5.65 × 10−4 K−1 ) for the studied alloy was determined from the graphs of K variation with temperature.
2. The measured melting temperature of the studied alloy was 919.2 K, and ΔH and CP were calculated
as 295.2 J g−1 and 1.05 J g−1 K−1 (in solid-liquid transition), respectively.
3. While the CP values of the studied alloys
increase with increasing temperature, the thermal
diﬀusivity values decrease. The thermal diﬀusivity (calculated) decreased from 46.8 × 10−6 to
36.2 × 10−6 m2 s−1 in the temperature range from 323
to 723 K, respectively.
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