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In this study, characteristic changes of Al-xCu alloys produced by the powder metallurgy method in critical
transformation regions of binary Al-Cu phase diagram were investigated. In this framework, Al-xCu alloys
with a content of 5-15-25-33-45 wt.% Cu, which would enable the formation of hypo-eutectic, eutectic, and
hyper-eutectic regions, were prepared. The prepared powders were converted into a green compact form by
compressing at a 600 MPa pressure ratio. The obtained green samples were placed in the sintering die and
sintered in accordance with the critical transformation temperatures determined in the binary phase
diagram. Once the sintering process was completed, the samples in the hot die were compressed at a
pressure ratio of 5 MPa and cooled with air. As a result of the microstructural examinations on the
produced samples, it was observed that partial liquefaction occurred in the Cu particles due to the increase
in the Cu content of the alloy and the amount of CuAl2 intermetallic compound increased accordingly. In
this context, as the Cu content of Al-xCu alloys increased, the microhardness and wear resistance values
increased; however, the ductility, compressive strength and electrical conductivity values decreased.

Keywords Al-xCu alloys, microstructure, powder metallurgy,
sintering process

1. Introduction

Aluminum alloys are widely used in many areas of the
industry due to their strength-to-weight ratio, high electrical
and thermal conductivity, as well as good corrosion resistance
(Ref 1-3). However, pure Al material does not have sufficient
mechanical properties, so it is used by alloying with many
elements or combining with other materials (Ref 4-6). Copper
is one of the elements with relatively high solubility in
aluminum. Therefore, it offers the opportunity to obtain an
alloy with new characteristic properties by adding it to Al in
varying proportions (Ref 7, 8). In studies on Al-Cu alloys, it
has been determined that CuAl2 secondary phases are formed
and these phases affect the microstructure, mechanical and
physical properties of the material (Ref 9-11). In addition, it
was observed that more CuAl2 intermetallic compounds were
formed in proportion to the increase in Cu content in Al-Cu
alloys (Ref 12).

Since Al-Cu mixture powders can be shaped with low
pressure, do not require high temperatures during the sintering
process, and are easily accessible, it has become quite common
to convert them into final products by powder metallurgy (PM)

method, which is an environmentally friendly production
model. The most important factor affecting the characteristics
of the samples produced by the PM method is the density
values after sintering. In this context, in the study conducted on
elementary alloy samples (AA2024) produced from Al and Cu
powders, the relative density values obtained after sintering at
460 and 560 �C for an hour were 94.97 and 97.12%,
respectively (Ref 13). In addition, in the study conducted on
the alloy produced by adding 2-4-6 wt.% Cu to Al, the relative
density value decreased with the increase in the Cu content but
increased with the increase in the compaction pressure ratio
(Ref 14).

The a fi (Al-rich phase) region in the binary Al-Cu phase
diagram dissolves a maximum of 5.65wt.%Cu at the eutectic
temperature (548 �C). As a result of this situation, values close
to the maximum dissolution ratio in the a region were used to
determine the Cu content in most studies on Al-Cu alloys (Ref
15, 16). In studies using the casting method, changes in hypo-
eutectic, eutectic and hyper-eutectic regions were rarely
investigated by increasing the Cu content (Ref 17, 18).

In the light of the abovementioned information, it has been
concluded that investigating the microstructure, mechanical and
physical properties of Al-Cu alloys produced at different rates
using the PM method will be effective regarding the develop-
ment of alloy materials. In this context, this study aims to
examine the interaction of the alloy ratios in the critical
transformation regions of the binary Al-Cu phase diagram at
the determined sintering temperatures and the changes in the
characteristic properties of the material as a result of this
interaction. It has been observed that there are many studies on
critical transformation regions to examine the conditions in the
solidification process of Al-Cu alloys produced by the casting
method. However, studies on the use of these regions in the
sintering process are limited. The present study can contribute
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to the production of Al-Cu alloys by the PM method and the
understanding of sintering processes.

2. Experimental Procedure

2.1 Determination of Alloy Ratios and Sintering
Temperatures

One of the parameters that forms the basis of PM studies and
plays a decisive role in the general properties of the produced
samples is the alloy ratio. In this study, binary Al-Cu phase
diagram was used to determine the alloy ratio and it was
planned to produce samples in critical regions on the diagram.
In the phase diagram shown in Fig. 1, it is seen that different
phase formations occur with the increase in Cu content and
temperature change. The eutectic transformation point is
located on the horizontal line at 548 �C, called the critical
transformation line, and this point intersects with a 33% copper
content. At this transformation point, it is seen that the liquid
phase transforms into two different solid phases (a + h) during
cooling. On the left side of this transformation point, there is
the hypo-eutectic region (a + L), and on the right side, the
hyper-eutectic region (h + L). In this research, since it was
planned to produce Al-Cu alloys in the hypo-eutectic, eutectic
and hyper-eutectic regions by PM method, Al powder was
mixed with Cu powders at a rate of 5-15-25-33-45 wt.%.

To determine the sintering temperatures of Al-xCu alloys,
the lower (T low) and upper (T up) transformation limit temper-
atures in the regions determined in the binary phase diagram
were considered. However, high sintering temperatures to be
applied to alloys are likely to cause dimensional changes in the
samples (Ref 19). It was concluded that partial liquefaction in
alloys would be appropriate to limit this dimensional change.
Thus, depending on the Cu content, the transformation limit

temperatures in the region were determined and the sintering
temperature (Ts) was calculated according to Eq 1.

Ts ¼ Tlow þ Tup � Tlow
4

ðEq 1Þ

In this context, the sintering temperatures of Al-5-15-25Cu
alloys in the hypo-eutectic region were determined as 575, 565
and 555 �C, respectively. In addition, the sintering temperature
of the Al-33Cu alloy in the eutectic point was determined as
548 �C, and the sintering temperature of the Al-45Cu alloy in
the hyper-eutectic region was determined as 555 �C.

In the preliminary study on the determination of the
sintering temperature and time of the pure Al sample, it was
determined that the ideal sintering temperature was 600 �C and
the ideal sintering time was 45 min (Ref 20). Depending on this
situation, the sintering time of Al-xCu alloys was accepted as
45 min. In this way, it is foreseen to examine the characteristic
changes of the alloys by reducing the number of experimental
variables.

2.2 Cold Compression and Sintering Process

Commercially available Al and Cu powders with 44 lm
dimensions and 99% purity were prepared according to the
mixing ratios given in Table 1. To ensure the homogeneous
distribution of Al and Cu powders in each determined mixture
and to prevent aggregation among themselves, the mixing
powders were placed in a specially designed ball mixer and
mixed mechanically at 270 rpm for approximately 20 min. The
mixture powders dispersed homogeneously in each other were
preheated at 300 �C in an argon gas atmosphere. With this
process, it is planned to partially break the oxide layer on the
particles with the effect of temperature and remove the moisture
content of the mixture powders.

Immediately after the preheating process was completed, the
mixture powders were systematically stacked in a specially

Fig. 1 Positions of Al-xCu alloy ratios and sintering temperatures on the binary equilibrium diagram.
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designed die with a diameter of 20 mm and a height of
180 mm, the inner surfaces of which were lubricated with zinc
stearate. After the stacking process, the one moving upper
punch was placed in the die and the compression process was
carried out at room temperature using a uniaxial compression
device. In the preliminary study to examine the effects of
different pressure ratios on green compact, it was observed that
a 600 MPa pressure ratio would be appropriate regarding
microstructure and mechanical properties in the compression of
Al-Cu mixture powders (Ref 21). The height of the green
samples, obtained by compression at a 600 MPa pressure ratio,
reached the range of 80-85 mm. After the cold compression
application, five different green compact samples were
obtained, five from each alloy ratio. In addition, pure Al
samples were produced to clearly examine the structural
changes of the alloys and compare them with each other.

To prevent the deformation occurring in the samples as a
result of partial liquefaction during sintering in the three zones
determined on the binary Al-Cu phase diagram, the green
samples were taken into a specially prepared die and sintered in
a furnace with a sensitivity of ± 2 �C at the previously
determined temperatures, as shown in Fig. 2(a). Immediately
after the sintering process, the die was removed from the
furnace, and the samples were compressed under 5 MPa
pressure and cooled in air, as shown in Fig. 2(b). Thus, the
possible swelling effect on the samples after sintering and the
resulting increase in the porosity ratio are prevented and the
research is more reliable (Ref 22, 23).

2.3 Experimental Processes of Al-xCu Alloys

The samples obtained were sanded and polished and later
etched in Keller chemical (1 ml HF, 1.5 ml HCl, 2.5 ml HNO3,

and 95 ml H2O). Following this process, microstructure images
of the samples were taken on a Nikon optical microscope and
FEI scanning electron microscope (SEM). In addition, x-ray
diffraction (XRD) and element energy-dispersive spectroscopy
(point and mapping EDS) was used for the microstructure
analysis of the produced samples. In the examination of
microhardness and density values, the upper, lower and middle
parts of the produced samples were used and their average
values were taken. Microhardness values were calculated based
on average values obtained from 20 iterative measurements
under a load of 100gf with the Wellmess WM-MCV-1A device.
The Archimedes method with six different samples was used to
calculate the experimental density of the green and sintered
samples, while Eq 2 was used to calculate the theoretical
density (qt) of the samples. wc is the weight of the component
element and qc is the density of the component element. Thus,
the theoretical density of the alloys was calculated using the
mixing rule, which considers closed porosity. The density of the
compounds formed after sintering was neglected in the
calculation.

qt ¼
100

P 100:wc

qc

ðEq 2Þ

ZwickZ100 compression device was used to apply com-
pression test to the prepared samples in accordance with
ASTM E9 standards. For the wear test, samples with a
diameter of 20 mm and a thickness of 10 mm were subjected
to the wear test with three repetitions at 200 rpm rotation
speed using 6 mm diameter abrasive balls at 200, 400 and
600 m distance under 10 N load, in accordance with ASTM
standards. At each period of the wear test, the system was
stopped, the sample and counterface disk removed, cleaned
with organic solvents to remove traces of residue and surface
contaminants, dried, and then weighed on a precision balance
to determine weight losses. Finally, the electrical conductivity
of the alloy samples was evaluated by measuring with the
IACS (International Annealed Copper Standard) unit used for
metals and alloys.

Fig. 2 (a) Sintering of Al-xCu alloys in the die and (b) pressure application after sintering.

Table 1 Mixing ratios of Al and Cu powders

Powder Al-5Cu Al-15Cu Al-25Cu Al-33Cu Al-45Cu

Al wt.% 95 85 75 67 55
Cu wt.% 5 15 25 33 45
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3. Results and Discussion

3.1 Microstructural Properties of Al-xCu Alloys

In Fig. 3(a)-(f), microstructure images of Al, Al-5Cu, Al-
15Cu, Al-25Cu, Al-33Cu, Al-45Cu green compact samples are
displayed. As shown in Fig. 3(a), the green Al sample was
regularly stacked with the effect of the compression pressure,
but pores of approximately 20-45 lm in size were formed. In
the microstructure image of the Al-5Cu alloy displayed in
Fig. 3(b), it was observed that the Cu powders were dispersed
in the structure, and the pore sizes became widespread by
decreasing compared to the pure Al structure. In Fig. 3(c), it
was observed that with the increase in the Cu content in Al, the
pores formed around the Cu powders, and in Fig. 3(d), with the
increasing alloy ratio, the Cu powders were positioned close to
each other, causing pores around them. As shown in Fig. 3(e),
(f), with the increasing alloy content, the Cu powders were
deformed and came into contact with each other, and the pores
were concentrated at these junction points.

SEM images and regional EDS analysis results of Al-xCu
alloy samples to observe the phases (a and h) formed in the
microstructure after sintering are shown in Fig. 4(a)-(e). In the
microstructure images of the alloys, different theta phase
formation patterns are observed with the effects of Cu content
and sintering temperatures. In the SEM image of the Al-5Cu
alloy, the structure with dispersed Cu particles homogeneously
distributed in the volume of the alloy was observed. This
structure, called the precipitate distribution, is predicted to
increase the strength of the alloy produced at a high rate.

Dendritic structure formations were observed in Al-15Cu and
Al-33Cu alloy ratios, and it was seen that the dendritic
structures formed in these two alloy ratios were very similar to
each other except for the amount of thickness. While the
dendritic center thickness of the Al-15Cu alloy in the hypo-
eutectic region is approximately 2-10 lm, it is about 5-40 lm
in the Al-33Cu alloy located in the eutectic point. The reason
for this formation is the difference in sintering temperature and
alloy ratios, and regular dendritic distributions will create
superiority in material strength (Ref 24-26). The SEM image of
the Al-25Cu alloy shows the presence of partially liquefied Cu
particles and irregularly dispersed precipitates. In the Al-45Cu
alloy, on the other hand, partial liquefaction and the formation
of coarse dendritic structures were prominently displayed due
to the increased Cu element in the alloy. In addition, regional
EDS analysis results indicate that Al-xCu alloys have the
desired mixing ratios.

In the light of the microstructure investigations on the
different Al-Cu alloys produced, the Al-5Cu alloy had regular
microstructural features, while the irregular structural features
were formed in the Al-25Cu and Al-45Cu alloys. Similar
results were obtained in the study conducted with the selective
laser melting method (Ref 27).

To examine the obtained structures in more detail, the
samples in hypo-eutectic, eutectic and hyper-eutectic regions
were compared within themselves. In this context, point EDS
analyses and mapping images of the Al-15Cu alloy in the hypo-
eutectic region were performed and shown in Fig. 5. As a result
of the point EDS analysis taken over the dendritic structure, the

Fig. 3 Optical microscope images of green compacts (a) Al, (b) Al-5Cu, (c) Al-15Cu (d) Al-25Cu, (e) Al-33Cu, and (f) Al-45Cu.

Journal of Materials Engineering and Performance Volume 32(11) June 2023—5119



intermetallic compound consisted of 54.18 wt.% Al and
45.82 wt.% Cu element. As a result of the point EDS analysis
taken over the dendritic structure formed in the eutectic Al-
33Cu alloy in Fig. 6, it was determined that the value of the
element Cu increased by 13% compared to the Al-15 Cu alloy.
Finally, the structure formed in the Al-45Cu alloy produced in

the hyper-eutectic region is examined in Fig. 7, and the values
of the diffusional regions realized with partial melting were
determined by EDS analyses taken from three different points.
While there was approximately 73 wt.% Cu content in the
central region of the gradient structure (spectrum 1), the values
obtained from the center to the outer part (spectrum 2 and 3)

Fig. 4 SEM images and regional EDS analyzes of Al-xCu alloys after sintering, (a) Al-5Cu, (b) Al-15Cu, (c) Al-25Cu, (d) Al-33Cu, and (e)
Al-45Cu.
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were approximately the same as the values obtained in Al-33Cu
compounds. The elemental values obtained show that the
increase in Cu content causes a change in the rate of formation

of intermetallic compounds when passing from the hypo-
eutectic region to the eutectic point. It was observed that the
increase in Cu content did not change the elemental content

Fig. 5 EDS analysis (point and mapping) of the compounds formed in Al-15Cu alloy in the hypo-eutectic.

Fig. 6 EDS analysis of compounds formed in Al-33Cu alloy in the eutectic region.
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value while passing from the eutectic point to the hyper-eutectic
region, and it is thought that the reason for this is inactive
copper particles.

To examine the phase properties of the precipitate distribu-
tions formed in the microstructure, XRD analysis was per-
formed on the samples. The patterns obtained from this analysis
are presented graphically in Fig. 8. As a result of the analysis, it
was determined that the Al-Cu alloys produced phase forma-
tions rich in Al content and typically CuAl2 phase. At the same
time, the CuAl2 phase distribution increased with increasing Cu
content from Al-5Cu alloy to Al-33Cu alloy. In Al-45Cu alloy,
on the other hand, it was observed that the peaks formed after
XRD analysis became stable. The Cu phase is only prominently
seen in Al-25Cu and Al-33Cu alloys. Thus, the dendritic
structure obtained in the alloys included the CuAl2 structure.

3.2 Densities of Al-xCu Alloys

Theoretical (qt), green (qg) and sintering (qs) densities of Al-
xCu alloys are shown in the graph in Fig. 9. In the graph
obtained, the relative ratio between the qg and qt values of the

Al-5Cu alloy was 98%, while this ratio was determined as
95.5% for the Al-45Cu alloy. This variation between the qg
values of the alloy samples, which were made green compact
by compression at the same pressure ratios, indicates that the
increased Cu content causes porosity in the compression
process. In the microstructure examinations of the green
samples, it was observed that the increase in Cu content
caused porosity in the microstructure. This observation coin-
cided with the results obtained in the density measurements. In
addition, it was determined that the qs values of pure Al and Al-
5Cu samples produced after sintering were close to the qt
values, while the difference between these values increased
with the increase in Cu content in other alloys. However, qs
values are in the range of qt to qg values in all Al-xCu alloys.
This evaluation process shows that the correct sintering
parameters have been applied.

The graph obtained as a result of the calculation of the
porosity ratios (Pp) of Al-xCu alloys after sintering is shown in
Fig. 10(a). In the values calculated using Eq 3, it was observed
that the porosity ratio Pp value increased with the increase in
Cu content, and the highest Pp value among the alloys was

Fig. 7 EDS analysis of the structure formed in Al-45Cu alloy in the hyper-eutectic region.
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reached at 2.71% in the Al-45Cu alloy. This situation reveals
that as the Cu content increases, the sintering temperatures
should also increase. In addition, it can be stated that increasing
copper content in Al-Cu alloys increases the area ratio of
copper-rich compounds (CuAl2). Thus, increased copper con-
tent may cause higher porosity (Ref 28). In Table 2, the density,
porosity and densification values of Al-xCu alloys are pre-
sented.

Pp ¼ 1� qs
qt

ðEq 3Þ

W ¼ 100:
qs � qg
qt � qg

ðEq 4Þ

In the graph shown in Fig. 10(b), the densification ratio (W)
values of Al-xCu alloys calculated using Eq 4 are displayed. As
a result of the calculations, it has been seen that the best W

value among Al-xCu alloys belongs to Al-5Cu alloy with
83.33%, but this value decreases with the increase in Cu
content. The W value of alloys other than Al-5Cu was
approximately 50% on average.

3.3 Electrical Conductivity Properties

The electrical conductivity values of Al-xCu alloys are
given in Table 3. It has been observed that the electrical
conductivity values of Al-xCu alloys decrease as the ratio of Cu
element added to the pure Al element increases. It can be
argued that the reason for this is that the CuAl2 phase increases
in direct proportion to the increase in Cu addition and the
electrical conductivity value of this phase are lower than the
electrical conductivity value of Al and Cu elements. In
addition, the content of Cu elements, which could not be
converted into a liquid phase sufficiently in the Al-25Cu alloy
due to the low sintering temperature, increased the electrical

Fig. 8 XRD analysis patterns of Al-xCu alloys.

Fig. 9 Theoretical, sintering and green density values of Al-xCu alloys.
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conductivity value, which decreased gradually. However, this
does not change the negative effects of Cu content on the
electrical conductivity of the Al-xCu alloy (Ref 29).

3.4 Mechanical Properties

3.4.1 Microhardness. After the sintering process, the
microhardness graph created by taking the average of the
measurement values made at least six times from each of four
different locations (Al, Cu, CuAl2 and pores) formed in Al-xCu
alloys is shown in Fig. 11. The hardness values of the alloys of
Al-5Cu, Al-15Cu, Al-25Cu, which are located in the hypo-
eutectic region, were 81, 116 and 128 HV, respectively. In the
literature review, it was determined that the hardness value of
the Al-4.5Cu compact produced by the spark plasma sintering
method was close to the hardness value of the Al-5Cu alloy
produced in this study (Ref 30). In addition, the hardness value
of the Al-33Cu alloy in the eutectic point was measured as 190
HV, while the hardness value of the Al-45Cu alloy in the hyper-
eutectic region was determined as 310 HV. When the micro-

hardness values are examined, it is seen that there is an increase
in the hardness value with the increase in the Cu ratio in the
alloy, which is supported by similar studies (Ref 17). However,
when the pure Al sample with a hardness value of 55 HV is
accepted as the reference material, the Al-45Cu alloy reaches
approximately six times higher hardness values.

Since the hardness value of the Cu element is approximately
100 HV, an average hardness value above this value is obtained
in all alloys except Al-5Cu alloy. In the light of the
investigations, the Cu content and temperature changes in the
alloys obtained from different regions on the binary Al-Cu
phase diagram lead to changes in the Al and Cu interaction,
resulting in the formation of CuAl2 compounds. These
formations caused a significant increase in the hardness of the
produced samples.

3.4.2 Wear Behaviors. To fully support the results of the
positive changes in the hardness properties of Al-xCu alloys
produced by the PM method, the wear test was applied to the
alloys. In Fig. 12, the weight losses obtained in the wear test
applied at 200, 400 and 600 m distances of the alloys produced

Fig. 10 After sintering of Al-xCu alloys, (a) porosity ratio and (b) densification ratio values.

Table 2 Density, porosity and densification values of Al-xCu alloys after sintering process

Al-xCu
Alloys

Sintering
temperature, �C

Green density,
g/cm3

Sintering density,
g/cm3

Theoretical density,
g/cm3

Porosity ratio,
%

Densification
ratio, %

Al 600 2.652 2.729 2.73 0.03 98.71
Al-5Cu 575 2.76 2.81 2.82 0.35 83.33
Al-15Cu 565 2.93 3.01 3.047 1.21 68.37
Al-25Cu 555 3.185 3.250 3.3 1.51 56.52
Al-33Cu 548 3.432 3.482 3.542 1.69 45.45
Al-45Cu 555 3.805 3.865 3.973 2.71 35.71

Table 3 Electrical conductivity of Al-xCu alloys

Al Al-5Cu Al-15Cu Al-25Cu Al-33Cu Al-45Cu

Electrical conductivity (%IACS) 38.9 37 25.2 28 22 19.5
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are given in graphically. It is observed that the wear resistance
increases with the increase in Cu content after 0-200 m of the
wear process. When the pure Al sample is accepted as a
reference at this distance, it has been determined that the weight
loss of the Al-5Cu alloy with the lowest wear resistance among
the alloys decreases approximately four times compared to the
reference material, and the weight loss of the Al-45Cu alloy
with the best wear resistance decreases approximately 19 times.
In a similar study, it was stated that the Cu content of Al alloys
decreased weight loss after wear (Ref 31).

Weight losses of the alloys at a wearing distance of 200-
400 m were generally slightly reduced compared to a distance
of 0-200 m. The same situation was observed at 400-600 m
wear distance, and it was determined that the alloy samples
generally lost 2 mg of weight, while the Al-45Cu alloy had the
best wear resistance with a weight loss of 1 mg at this distance.
In Table 4, the total weight losses as a result of the wear test of
Al-Cu alloys are given graphically. As can be seen from the

graph, it has been determined that the wear resistance of the
alloys increases with the increase in Cu content and the weight
loss of the Al-45Cu alloy, which has the best wear resistance, at
0-600 m is approximately 11 times less than that of pure Al. As
a result of the analysis of the obtained values, the wear behavior
of Al-xCu alloys was supported by hardness measurements.

3.4.3 Compression Test. The values obtained as a result
of the compression test are shown graphically in Fig. 13. The
maximum compressive strength values (rmax) of the samples
(Al, Al-5Cu, Al-15Cu, Al-25Cu, Al-33Cu, Al-45Cu) after
sintering were 224, 659, 612, 480, 512, 493 MPa, respectively.
It was observed that the compressive strength increased with
the addition of 5% Cu to the pure Al element, but this strength
value was lower at 15% and above Cu addition rates. As a
result of the investigations, the compressive strength value of
the Al-5Cu alloy increased approximately three times compared
to the pure Al alloy. It is thought that this situation arises as a

Fig. 11 Microhardness values of Al-xCu alloys after sintering.

Fig. 12 Weight losses of Al-xCu alloys at different distances as a result of wear.
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result of the regular CuAl2 distribution in the microstructure.
Precipitation formations increase the strength of the material by
preventing the movement of dislocations. The magnitude of
this strengthening effect created by the precipitates on the
material is naturally related to the microstructure properties of
the precipitates (Ref 32).

Al-25Cu alloy, on the other hand, was determined as the
alloy with the lowest compressive strength among the alloys
whose production was completed. It is thought that the reason
for this is the low sintering temperature and, as a result,
insufficient liquefaction of the Cu element in the structure. In
addition, the deformation before fracture (%emax) of Al-xCu
alloys (Al, Al-5Cu, Al-15Cu, Al-25Cu, Al-33Cu, Al45-Cu) is
36, 48, 32, 29, 9, and 5.5%, respectively. Thus, it was revealed
that there was a decrease in the amount of deformation with the
increase in the Cu content among the alloys produced. This
situation emerges as a normal occurrence in the light of the
values obtained in hardness measurements. Al-45Cu alloy,
which has the highest hardness value, is superior to other alloys
regarding rigidity, and its ductility is at a minimum level.

Given the compression test properties, it was revealed that
the best alloy sample was Al-5Cu. At the same time, it should
not be ignored that the Al-5Cu alloy has superior properties
regarding both strength and ductility when compared to the
pure Al sample, which is accepted as a reference, and this is the
most desirable property in material production.

4. Conclusion

In the present study, the changes in microstructure, and
physical and mechanical properties of Al-xCu alloys produced
by the PM method in the critical transformation regions of the
binary Al-Cu phase diagram were investigated. The results
obtained in this context are summarized as follows:

• In microstructural investigations of Al-xCu alloys produced
at different alloy ratios and sintering temperatures, CuAl2
precipitates in different formations were observed depending
on the Cu content. In addition, the most regular precipitate
formation among Al-xCu alloys occurred in Al-5Cu
(575 �C) alloy, and partial liquefaction occurred in Cu parti-
cles in Al-25Cu (555 �C) and Al-45Cu (555 �C) alloys. In
EDS analysis, it was determined that the amount of Cu ele-
ment in the compound content formed in the hypo-eutectic
region increased in the eutectic region, and the amount of Cu
element in the compounds in the eutectic region and the hy-
per-eutectic region was almost at the same level. The findings
suggest that this similarity is due to the inactive Cu particles
formed because of insufficient sintering temperature or time.

• In the physical examinations made on Al-xCu alloys, the
porosity ratio increased, and the densification ratio de-
creased with the increase in Cu content. The electrical
conductivity values of the alloys decreased due to the in-
crease in the ratio of CuAl2 intermetallic compounds.

Table 4 Weight losses of Al-xCu alloys at different wear distances

Al-xCu Alloys Weight loss 0-200 m, mg Weight loss 200-400 m, mg Weight loss 400-600 m, mg Total weight Loss, mg

Al 18.7 9.5 13.2 41.4
Al-5Cu 4.8 3.5 2.2 10.5
Al-15CU 3.9 1.9 2 7.8
Al-25Cu 2.6 2.4 2.1 7.1
Al-33Cu 1.5 1.6 1.6 4.7
Al-45Cu 1 1.6 1.1 3.7

Fig. 13 Stress and strain curve of Al-xCu alloys after compression test.
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• With the increase in Cu content, the microhardness values of
the alloys and their wear resistance increased. While the com-
pressive strength and ductility values of Al-5Cu alloy had the
best values among other alloys, the lowest ductility value
was obtained in Al-45Cu alloy, and the lowest compressive
strength value was obtained in Al-25Cu alloy.
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