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The electrical properties of the Al-32.5 wt. % Cu-1 wt. % Fe ternary alloy were examined, it was observed that 
the electrical resistivity increased depending on the temperature and it was found as 6.8546x10-8 Ωm - 
5.7780x10-7Ωm in the temperature range of 298-810K. The thermal conductivity was calculated using electrical 
measurement results and it was observed that it decreased depending on the temperature. The ternary alloy 

(cubic -Al, Fm-3m, 225 a = 4.0480 Å, -tetragonal Al2Cu, I4mcm, 140, a=6.0654 Å c=4.8732 Å, ω-tetragonal 
Al7Cu2Fe, P4 /mnc, 128, a = 6.3360 Å, m and c = 14.87 Å) phases were obtained. In this ternary alloy, phases 
were clearly seen in XRD studies and EDAX analyzes at room temperature. Magnetic properties such as magnetic 
transition temperature and magnetization curves of the alloy were determined. 
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Introduction 

The discovery of quasicrystals (QCs) has been one of 
the most intense investigations in recent decades in terms 
of the investigation of its structure and the determination 
of its properties. Studies on many systems under stable or 
metastable conditions were defined as QC forms. Most of 
these systems are based on aluminum alloying with 
transition metals. Although a lot of scientific knowledge 
about QCs has already emerged, the technological use of 
these materials has not yet been reached. Its use as a 
reinforcement phase in aluminum alloys is promising [1]. 
Aluminum alloys are widely used in the automotive and 
aerospace industries due to their light weight and 
satisfactory mechanical properties [2]. Al-Cu-Fe alloys, 
which are aluminum alloys, are typical materials in which 
semi-crystals appear. These alloys are interesting because 
of their non-toxicity, easy availability, and affordable cost 
of alloying elements [3] and interest in Al–Cu–Fe 
quasicrystals, the fact that they have an unusual 
combination of physics micromechanical properties [4]. 
Tsai et al. first reported a stable icosahedral quasicrystal 
forming composition [5]. Again, the mechanical properties 
of the Al-Cu-Fe ternary metallic alloy were obtained by 
Tsai et.al with the Vickers test. It has a composition 
around Al65Cu20Fe15 in the Al-Cu-Fe ternary system. 
Besides, the equilibrium phase diagram of the Al-rich Al–
Cu–Fe alloy system has been the subject of several 
previous studies [6–12].   

Also recently, laser processing of Al–Cu–Fe alloys has 
become an attractive process to obtain high-quality 
coatings [13,14].  The change in electrical and magnetic 
properties of Al-Cu-Fe semi-crystals (QCs) has also been 
studied recently.  The structure of icosahedral Al-Cu-Fe 
shows ferromagnetic properties. Al-Cu-Fe QCs powder 
was studied in detail using a vibrating sample 
magnetometer (VSM) [15]. 

In the Al-Cu-Fe system, the icosahedral 
quasicrystalline is stable in a certain composition range 
when the ψ phase is in equilibrium with the β-AlFe(Cu), λ-
Al13Fe4, λ1-Al3 Fe, θ-Al2 Cu, ω-Al7Cu2 Fe and φ-Al10Cu10Fe 
phases [3]. The coordination of Fe atoms in the ω phase is 
very similar to the icosahedral (Al63Cu25Fe12 (at. %)) ψ 
phase [16]. 

In this study, θ-Al2Cu, ω-Al7Cu2Fe intermetallic phases 
formed by adding Cu element to Al-Cu binary eutectic 
alloy were observed and mechanical, electrical, thermal 
and magnetic properties of the obtained ternary alloy 
were determined. 
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Figure 1. Al-Cu-Fe Ternary Phase diagram. Al-Cu binary, b) Al-Cu-Fe Ternary [17,18]. 

Experimental Method 

The Al-32.5 wt. % Cu-1 wt. % 1 Fe sample was 
determined from the relevant phase diagram related to 
stoichiometric calculations as seen in Figure 1 [17-18]. 
After weighing the masses of the Al, Cu, Fe elements (Alfa 
Aesar, 4N in purity)  whose composition was determined 
from the phase diagram, they were placed in the graphite 
crucible in the vacuum melting furnace according to their 
melting temperatures. A homogeneous alloy was 
obtained from the elements melted without oxidation in 
the vacuum melting furnace. Then the homogenized alloy 
was cast in the hot casting furnace without any air bubbles 
into 5 cylindrical graphite molts which is 200 mm height, 
4 mm inner diameter and outer diameter of 6.35 mm. The 
samples obtained after the casting stage were cut and 
placed in the mold and then used for the desired purposes 
(for XRD, SEM, EDAX, mapping, DTA, electrical resistivity, 
magnetization) in this study. 

 

 

Figure 2. The graph of variation of electrical resistivity 
with temperature. 

 

Determination of the Electrical Resistivity  

The conductivity and temperature resistance 
coefficient, which are important electrical properties of 
the material, determine the use of from wire to resistors, 
potentiometers and many more in electrical and 
electronic components. Electrons carry the current in 
metals without changing the chemical properties of metal. 
Electrical conductivity (EC), one of the physical properties 
of the material, is affected by the chemical composition of 
the substances and the stress of the crystal structure. For 
this reason, electrical conductivity is a parameter used for 
many purposes such as determining the appropriate heat 
treatment for metals, controlling heat damage in 
materials, as well as classifying materials.  

 Standard conversion method [19,20] was used in the 
measurement of electrical resistance and conductivity. 
The temperature dependence of the electrical resistivity 
of the sample was determined using standard DC four-
point probe method (FPPM) in the temperature range of 
298-810K (Figure 2).  In the DC FPPM, measurement errors 
have been blocked due to probe resistance, spread 
resistance under each probe, and contact resistances 
between metal probes and material [21].  

Electrical measurement of the sample was taken on 
samples with 4 mm diameter. A Keithley 2400 
SourceMeter was used to provide constant current, and 
potential drop was measured by a Keithley 2700 
Multimeter through an interface card, which was 
controlled by a computer in previous study. While using 
the known conversion rule between electrical resistivity 
and conductivity, voltage drop is determined by using 
platinum wires with 0.5 mm radius as current and 
potential probes [19,22]. At the same time, the electrical 
resistance temperature coefficient was calculated using 
the electrical resistance results in the temperature range 
of 298-810 K [21]. 
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Calculation of Thermal Conductivity 

Along with electrons, phonons also contribute to 
thermal conductivity. The relation between thermal 
conductivity and electrical resistivity is explained by the 
Wiedemann-Franz-Lorenz law [23]. 

𝜅

𝜎𝑇
=

𝜋2𝑘2

3𝑒2
= 𝐿0 = 2.445𝑥10−8𝑊Ω𝐾−2     (1) 

where 𝜅, 𝜎, 𝑇, k, e, L0 represent thermal conductivity, 
electrical conductivity, temperature, Boltzmann constant, 
electron charge, Lorenz number, respectively. The 
electrical conductivity and the thermal conductivity can 
be connected via the W-F law as follows: 

𝜎 =
𝜅𝑠

𝐿𝑇
     (2) 

where σ is the electrical conductivity, 𝜅𝑠 is the thermal 
conductivity, T is temperature, and L is the Lorenz 
number.  
In this study, thermal conductivity values for Al-32.5 wt. 
% Cu – 1 wt. % Fe composition of alloy was calculated 
from W-F equation using electrical measurement results. 
While the value of L is well known for pure materials, it is 
not well known for alloys as it depends on the property 

of the material. L and S are required to show electrical 
resistivity change with temperature and composition. 
The Lorenz numbers for pure Al, Cu and Fe are 2.24×10-8 

,2.49×10-8 and 2.55x10-8 W/K2 [24]. 

𝐿𝑎𝑙𝑙𝑜𝑦 = ∑ 𝑥𝑛𝐿𝑛
2
𝑛=1                                                       (3) 

Lorentz value for Al-Cu-Fe ternary alloy was calculated 
from Eq. (3). Xn is the percent by weight of the nth 
component; Ln is the percent of the Lorentz value of the 
nth component. 
 

 

Figure 3. The graph of variation of thermal conductivity 
with temperature 

Characterization Studies  

The crystal structure analysis was carried out at room 
temperature using the Panalytical Empyrean Model 
Diffractometer. The XRD patterns of the produced 
samples were obtained using Cu–Kα radiation at a 
wavelength of 1.54 Å and a scanning step of 0.02 °/sec 
from 10° to 90°. The X–rays scattered from distinct atomic 
planes were detected by the thallium–activated sodium 
iodide detector (NaI) scintillation counter. The Win–Index 
and X–Powder software programs were employed for 
evaluating the XRD patterns and calculating crystal 
structure parameters, such as crystal size. The Perkin 
Elmer Diamond TG & DTA device was utilized for 
investigating temperature–dependent thermal events 
such as transitions in phase and weight loss. 

 This system's heating rate was set at 10 °C/min in 
order to precisely observe endothermic or exothermic 
peaks on the DTA curves, suggesting a possible phase 
transition. The morphological features of materials were 
studied using Field–Emission Scanning Electron 
Microscopy (FE–SEM) technique by the ZEISS Gemini SEM 
500 model device  

Also, DTA and TGA measurements were made 
depending on the temperature of Al-32.5 wt. % Cu – 1 wt. 
% Fe alloy. During uniform heating, a shape endothermic 
peak is present in the DTA curves, indicating a possible 
phase transition. The endothermic reactions show heat 
entering the sample, and exothermic reactions show heat 
leaving the sample during the heating or cooling process 
[25].  

After electrical measurements, XRD and DTA and TGA 
analysis were performed on the sample obtained in the 
study, the microstructure of the sample was examined. 
While examining the microstructure of the samples, FE-
SEM images were also taken, and EDAX and Mapping 
analyzes were performed with FE-SEM apparatus from the 
same region at the same time. 

Magnetic Properties 

In this study, the magnetic property of the Al-Cu-Fe 
alloy was determined with a Quantum Design-PPMS 
DynaCool-9 model device, which can apply a magnetic 
field up to 9 T in the temperature range of 1.8-600 K. 
Magnetic field (M-H) and temperature-dependent 
magnetization (M-T) measurements were made with this 
device. The experimental magnetic transition 
temperatures (TC) were determined by the first derivative 
of the magnetization curves. 

Results and Discussion 

Electrical resistivity of Al-Cu-Fe alloy was measured by 
FPPM method depending on temperature. In the 
measurements obtained at 298-810 K in temperature 
range, it was found that the resistance increased linearly 
with temperature. 
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Table 1. The elemental composition of Al-32.5 wt. % Cu-1 wt. % Fe, α-Al, Θ-Al2Cu  ⍵-Al7Cu2Fe phases as determined by 
EDAX. 

Phase Al (at. %) Al(wt. %) Cu (at. %) Cu(wt. %) Fe (at. %) Fe (wt. %) 

α-Al 98.14 95.72 1.89 4.28 .. .. 
Θ-Al2Cu 83.5 68.24 16.5 31.76 .. .. 
⍵-Al7Cu2Fe 71.78 52.94 18.19 32.82 9.33 14.24 
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Figure 4. FE–SEM and MAPPING images of the Al-32.5 wt. % Cu- 1 wt. % Fe sample. 

 

Increasing the temperature of the alloy will decrease 
the mean free path. This is due to lattice vibrations that 
increase with temperature. With the decrease of the 
mean free path, the electrical conductivity will decrease 
while the electrical resistivity will increase. At the same 
time, alloys have higher electrical resistivity than pure 
metals. When the electrical resistivity values of the alloy 
were compared with the literature results, it was 
determined that the electrical resistivity of the Al-Cu-Fe 
alloy was higher than the pure Al[26] and Cu[20], Al-
Cu[27] alloy, Al-Cu-Ag[26] alloy. When compared with 
pure Fe[29], the amount of Fe in our Al-Cu-Fe alloy 
increased the electrical resistivity. 

 

Figure 5. The graph of variation of thermal 
conductivity with temperature 

 

The electrical resistivity value of the alloy in the 
temperature range of 298-810 K was obtained between 
6.8546x10-8 Ωm and 5.7780x10-7Ωm. The temperature 

coefficient of the electrical resistance (TCR), 𝜶𝝆  value of 

the alloy in the temperature range of 298-810 K was found 
to be 14.51x 10-3 K-1 by using the electrical resistivity 
values [Figure 2.]. 

Thermal conductivity values were calculated using W-
F equation using electrical measurements results. It has 
been observed that the thermal conductivity values 
decrease depending on the temperature. This is expected 
because as the temperature increases, carrier electrons, 
holes and lattice vibrations increase. This combined 
situation may cause a decrease in electrical conductivity 
in some alloys and an increase in others. In our study, 
phonon-phonon and electron-phonon scattering became 
more prominent with the increase in lattice vibrations. 
This reduces the thermal conductivity. When the results 
were compared with the literature in Figure 3, it was seen 
that it was compatible with pure Al, Cu, Fe and other 
alloys. 

The thermal conductivity value of the alloy in the 
temperature range of 298-810K was obtained between 
107.4445 W/Km - 34.6622 W/Km. The temperature 
coefficient of the thermal resistance (TCTR), 𝜶𝜿  value of 
the alloy in the temperature range of 298-810 K was found 
to be 14.51x 10-3 K-1 by using the electrical resistivity 
values [Figure 3.]. 
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Figure 6. Thermal curves depending on temperature in 
the Al-32.5 wt. % Cu – 1 wt. % Fe ternary metallic 
alloy system. 

In the ternary alloy, multiple solid phases were formed 
simultaneously from the liquid phase and these phases 

were determined by microstructure analysis. The 
existence of these phases was confirmed by the phase 
diagram of the Al-Cu-Fe ternary alloy.  

The microstructure of the alloy was visualized by FE-
SEM[Figure 4]. It has been observed that the alloy has  
homogeneous and regular structure. No defects, gaps or 
cracks were observed. The phases imaged by SEM were 
determined by MAPPING.  Cu and Fe elements in the alloy 

dissolved in the structure and took place as -Al2Cu,ω-

Al7Cu2Fe phases. At the same time, the -Al phase was 
determined [Figure 4.]. The quantitative chemical 
composition of these phases determined by MAPPING are 
given by EDAX analysis [Table 1.]. With XRD diffraction 
peaks measurements, both phases were indexed and 
microstructure parameters such as crystal systems, space 
groups, cell parameters (a, b, c) of these phases were 

determined. When the indexed -Al, -Al2Cu, ω-Al7Cu2Fe 
phases were examined, it was observed that both the 
peak density and the peak intensity were in the Al2Cu 
phase[Figure 5][Table 2.]. 

 

 

 

Table 2. In the study, the crystal system and cell parameters obtained in Al-Cu-Fe ternary metallic alloy. 

 
Component of 
Ternary Alloy 

Al  

Space 
Group 

Space 
group 
Number 

Crystal 
System 

Cell parameters Volume 
of Cell  
(106 
pm3) 

Crystallite Size 
only [Å] a(Å) b(Å) c(Å) 

Al–32.5 wt.% Cu-1 
wt.% Fe 

Fm-3m 225 Cubic 4.0406 4.0406 4.0406 65.97 39.8  7.29 

 
Component of 
Ternary Alloy 

Al2Cu  

Space 
Group 

Space 
group 
Number 

Crystal 
System 

Cell parameters Volume 
of Cell 
(106 
pm3) 

 

a(Å) b(Å) c(Å) 

Al–32.5 wt.% Cu-1 
wt.% Fe 

I4/mcm 
 

140 Tetragonal 6.0654 6.0654 4.8732 
 

179.28 39.00  3.37  

 
Component of 
Ternary Alloy 

Al7Cu2Fe  

Space 
Group 

Space 
group 
Number 

Crystal 
System 

Cell parameters Volume 
of Cell 
(106 
pm3) 

 

a(Å) b(Å) c(Å) 

Al–32.5 wt.% Cu-1 
wt.% Fe 

P4mnc 128 Tetragonal 6.3360 6.3360 14.8700 
 

596.65 47.00  13.47 

 

Also, Figure 6 show the DTA and TGA curves for sample Al-32.5 wt. % Cu – 1 wt. % Fe,  as a function of temperature. 
In the observed endothermic reaction, the temperature was measured as 570 oC [Figure 6]
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Figure 7. The temperature dependence magnetization 
curve of the two compositions Al-32.5 wt. % Cu- 1 
wt. % Fe alloy. The inset present overlap ∂M/∂T 
curve as a function of temperature with M-T curve 
for determine to TC 

 

 

Figure 8. The magnetization as a function of applied 
field Al-32.5 wt. % Cu- 1 wt. % Fe alloy at 50 K, 100 
K and 375 K degree temperature. 

The temperature dependence of the magnetic field in 
the alloy was determined from the base temperature to 
the temperature of 500K in the 1kOe magnetic field. The 
Cruie temperature, which is the magnetic transition 
temperature, was obtained from the Figure 7 graph, 
which gives the variation of the magnetic field with 
temperature. The Curie temperature (TC) of the Al-32.5 
wt. % Cu- 1 wt. % Fe alloy was found to be 343.4 K. We 
determined that the alloy exhibits ferromagnetic (FM) 

properties from room temperature to the Curie 
temperature (TC) and paramagnetic (PM) properties after 
TC temperature (Figure 7). As can be seen from the 
magnetization hysteresis curve of the alloy in Figure 8, the 
magnetization curves decreased as the temperature 
increased. In the graph obtained for 50 K, 100 K, 300 K, 
374 K temperature values, it was concluded that these 
were soft ferromagnetic materials with narrow hysteresis 
loops. For this reason, they exhibit a sigmodial shape. Soft 
ferromagnetic materials have low remanence, low 
coercivity and low hysteresis loss. These results are 
compatible with the literature.[32-34]. 

Conclusion 

Quasicrystals (QCs) which has icosahedral symmetry 
show the properties of heat and electrical conduction, 
high resistance and low expansion. In our study, an 
increase in electrical resistivity was observed with Fe 
added to the Al-Cu alloy. This supports the high resistance 
feature of quasicrystals (QC). At the same time, the 
decrease in thermal conductivity also supports heat 
conduction and, accordingly, expansion. 

The results of the determined properties of the Al-32.5 
wt. % Cu- 1 wt. % Fe alloy are given below 

The electrical resistivity values increasing linearly with 
temperature were found in the 6.8546x10-8 Ωm - 
5.7780x10-7Ωm range. 

The thermal conductivity values of the alloy calculated 
using the Wiedeman-Franz law law are in the 107.4445 
W/Km - 34.6622 W/Km range. 

Phases of the Al-32.5 wt. % Cu- 1 wt. % Fe alloy were 

determined from FE-SEM and MAPPING images. -Al, -
Al2Cu, ω-Al7Cu2Fe phases in Al-32.5 wt. % Cu- 1 wt. % Fe 
composition were determined. The composition of each 
phase was obtained by EDAX analysis. 

Space group, crystal system and cell parameters were 
determined by XRD measurements of the alloy. 

The magnetic properties of the alloy were determined. 
It was observed that alloy showed ferromagnetic 
properties from room temperature to the curie 
temperature, which is the magnetic transition 
temperature(TC). When the magnetization M(H) curves 
were examined, it was seen that the magnetization 
decreased as the temperature increased. 
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