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Abstract—The evolution of the microstructure and mechanical properties of deformed sheets made of a new
Al–4Cu–2.7Er alloy has been studied in the course of homogenization and annealing. The structure of the
cast alloy consists of a dispersed eutectic ((Al) + Al8Cu4Er), Al3Er-phase inclusions located along the den-
dritic-cell boundaries, and a nonequilibrium AlCu phase. During annealing at 605°C before quenching, the
intermetallic phases have high thermal stability: the particle size of Al8Cu4Er and Al3Er phases does not
exceed 1–4 μm. The annealing of deformed sheets at temperatures below 300°C leads to a slight decrease in
the hardness; grains elongated along the rolling direction are observed in the structure. With an increase
in the annealing temperature from 350 to 550°C, the recrystallized grain size increases from 8 ± 1 to
14.5 ± 1.5 μm. The uniaxial tensile tests showed that the annealed alloy possesses sufficiently high strength
characteristics: yield stress of 260–280 MPa, ultimate tensile strength of 291–312 MPa, and relative elonga-
tion of 5.5–6.1%.
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INTRODUCTION
The Al–Cu alloys are characterized by high

strength at room and high temperatures, but possess
the lowest casting properties among all aluminum
alloys [1–5]. The casting characteristics of these alloys
can be increased by the introduction of eutectic-form-
ing additives, such as Si, Ni, Fe, and Mn; however, in
this case, their plasticity can significantly decrease
[5, 6]. On the other hand, the search for new alloying
systems for aluminum–copper alloys is of great inter-
est. For example, the authors of [7–9] showed that in
the alloys with compositions that lie on the quasibi-
nary sections of the Al–Cu–Ce [7, 8] and Al–Cu–Y
systems [9], there are almost no crystallization cracks
because of a narrow crystallization range. In this case,
the arising eutectic Al8Cu4Ce [7, 8] and Al8Cu4Y [9]
phases differ in high dispersion and thermal stability at
homogenization temperatures above 590°С. The qua-
sibinary Al–Al8Cu4Er alloys in the Al–Cu–Er system
also have a narrow crystallization range [10, 11] and
may be of interest for developing new materials based
on them. It should be noted that the addition of small
amounts of erbium to aluminum and Al–Mg alloys
contributes to the refinement of grain and to strength-
ening during annealing, especially in the presence of
zirconium [12–22].

This work is aimed at the study of the evolution of
the structure and mechanical properties of the quasib-

inary Al–4Cu–2.7Er alloy during homogenization
and annealing of deformed sheets.

EXPERIMENTAL

The Al–4Cu–2.7Er alloy was melted from alumi-
num of grade A99 [23] and Al–53.5% Cu and Al–
9% Er master alloys using a resistance furnace. The
temperature of melting and casting was 750°C. The
melt was cast into a copper water-cooled mold with an
inner size of 20 × 40 × 120 mm. The ingot after heat
treatment was rolled to a thickness of 10 mm at a tem-
perature of 440°C and to 1 mm at room temperature.
The heat treatment was carried out using Nabertherm
and SNOL drying cabinets with an accuracy of main-
taining the temperature of 1 K.

The samples for microstructural studies were pre-
pared using a Struers Labopol-5 grinding/polishing
machine. The microstructural studies and phase iden-
tification were performed using a Neophot-30 optical
microscope, a TESCAN VEGA 3LMH scanning
electron microscope (SEM) equipped with an X-Max
80 energy-dispersive spectroscopy attachment, and a
Bruker D8 Advance X-ray diffractometer with a hold-
ing for 20 s at each point with a step of 0.05°. The dif-
ferential scanning calorimetry (DSC) was carried out
using a Labsys Setaram calorimeter.
614



EVOLUTION OF MICROSTRUCTURE AND MECHANICAL PROPERTIES 615

Fig. 1. (a, b) SEM images of the microstructure, (c) maps of the element distribution between phases, and (d) X-ray diffraction
pattern of the cast Al–4Cu–2.7Er alloy.
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The Vickers hardness was measured under a load
F = 49 N (5 kgf). The determination error did not
exceed 3 HV. The tests were carried out using a
Zwick/Roll Z250 Series Allround universal testing
machine with an automatic sensor for longitudinal
deformation.

RESULTS AND DISCUSSION

Figure 1 shows (a, b) the microstructures of the
cast alloy and (c, d) the results of the investigation of
the phase composition: (c) of the distribution of ele-
ments between the phases and (d) of the X-ray diffrac-
tion analysis. The structure represents a dispersed
eutectic with a thickness of the second phase of less
than 200 nm. A brighter dispersed phase with the same
size precipitates at the boundaries of the dendrite cells.
Coarser bright inclusions with a size of about 1 μm
also occur. These inclusions, as it follows from the dis-
tribution of the elements between the phases, are
enriched in copper (Fig. 1c). According to the EDS
PHYSICS OF METALS AND METALLOGRAPHY  Vol. 1
analysis, their composition corresponds to the AlCu
phase. However, the X-ray diffraction pattern
(Fig. 1d) contains peaks belonging to aluminum and
the Al3Er and Al8Cu4Er phases.

The AlCu phase apparently is nonequilibrium.
Since its amount is small, it was not possible to iden-
tify it using X-ray diffraction analysis. Thus, it can be
said that the structure is represented by a dispersed
eutectic ((Al) + Al8Cu4Er), Al3Er-phase inclusions
located along the dendritic cell boundaries, and an
nonequilibrium AlCu phase. Figure 2 shows the result
of the calorimetric analysis (DSC curves). In the heat-
ing curve (lower curve), no peaks of the nonequilib-
rium AlCu phase were revealed, which may be caused
by its small amount; the phase is dissolved during
heating. The solidus temperature was 613°C. During
heating, the eutectic ((Al) + Al8Cu4Er) begins to dis-
solve at the melting point. This corresponds to the first
peak in the lower curve. The second peak corresponds
to the melting of primary aluminum crystals. The peak
20  No. 6  2019
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Fig. 2. DSC curve of the Al–4Cu–2.7Er alloy. The lower
line is the heating curve; the upper, the cooling curve.
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corresponding to the dissolution of the Al3Er phase is

overlapped by two large peaks corresponding to the

melting of the eutectic and primary crystals. The liq-

uidus temperature of the alloy was 637°С (the upper

curve in Fig. 2).
PHYSICS OF META

Fig. 3. Evolution of the microstructure of the alloy durin
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In accordance with the determined solidus tem-
perature, the homogenization of the alloy was carried
out by annealing at the temperature of 605°C for 1, 3,
6, and 24 h. Figure 3 shows the corresponding micro-
structures of the annealed samples. The copper con-
tent in the aluminum solid solution in the ingot is
1.8 wt %. After a 1-h annealing, it increases to 2.2 wt %
and remains unchanged with increasing annealing
time. This growth is apparently caused by the dissolu-
tion of the nonequilibrium AlCu phase. During
annealing, the fragmentation and spheroidization of
the Al3Er and Al8Cu4Er phases occur. These interme-

tallic phases possess high thermal stability. After
annealing for one hour, their size is 1–4 μm (Fig. 3a),
which remains virtually unchanged with an increase in
the annealing time to 24 h (Figs. 3b–3d). However,
the fraction of particles with a size of less than 2 μm is
significantly higher.

Before rolling, the alloy ingot was quenched from
605°C after holding for 1 h. After rolling, the sheet was
annealed for 1 h at temperatures in the 100–550°C
range. During annealing at temperatures of up to
300°C, the hardness decreases from 100 HV
(deformed state) to 70 HV, while the structure remains
LS AND METALLOGRAPHY  Vol. 120  No. 6  2019

g annealing at 605°С for (a) 1, (b) 3, (c) 6, and (d) 24 h.
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Fig. 4. Dependence of the hardness on the temperature of annealing for 1 h.
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Fig. 5. Dependence of the hardness on the time of annealing at 150, 180, and 250°С.
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nonrecrystallized (Fig. 4). The softening is caused by

the processes of polygonization. The annealing at

above 350°C for 1 h leads to a recrystallization. In this

case, an increase in the annealing temperature from

350 to 550°C leads to an increase in the recrystallized

grain size from 8±1 to 14.5±1.5 μm. It is known that

the coarse particles with a size of 1–2 μm stimulate

nucleation upon recrystallization owing to the appear-

ance of deformation-induced lattice distortions near

such particles [24–27]. With an increase in the
PHYSICS OF METALS AND METALLOGRAPHY  Vol. 1
annealing time to 6 h at low temperatures of 150 and

180°C, the hardness decreases insignificantly and is 90

and 85 HV, respectively (Fig. 5).

The uniaxial tensile tests showed that the annealed

alloy has sufficiently high strength characteristics:

yield stress of 260–280 MPa, ultimate tensile strength

of 291–312 MPa, and relative elongation of 5.5–6.1%

(Table 1). For comparison, the Al–Cu–Y alloy of sim-

ilar composition has the following properties: σ0.2 =
20  No. 6  2019
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Table 1. Mechanical tensile properties of the Al–4Cu–2.7Er alloy in the deformed and annealed states

State σ0.2, MPa σu, MPa δ, %

Deformed 285 ± 3 318 ± 1 4.5 ± 0.2

Annealing at 100°С for 1 h 280 ± 2 312 ± 2 5.7 ± 0.5

Annealing at 100°С for 3 h 276 ± 2 312 ± 1 6.1 ± 0.1

Annealing at 150°С for 1 h 262 ± 1 296 ± 2 5.5 ± 0.3

Annealing at 150°С for 3 h 260 ± 1 291 ± 2 5.8 ± 0.4

Annealing at 250°С for 0.5 h 220 ± 2 240 ± 1 6.0 ± 0.2
248–276 MPa, σu = 278–310 MPa, and δ = 5.8–

6.6% [9].

CONCLUSIONS

The structure and properties of a new wrought
alloy of the Al–Cu–Er system have been studied.
Scanning electron microscopy and X-ray diffraction
analysis have shown that the cast structure is repre-
sented by a dispersed eutectic ((Al) + Al8Cu4Er),

Al3Er-phase inclusions located along the dendritic cell

boundaries, and AlCu nonequilibrium phase. The
intermetallic phases are characterized by high thermal
stability during annealing before quenching at 605°C.
After homogenization, the size of the Al8Cu4Er and

Al3Er phases does not exceed 1–4 μm. Upon anneal-

ing for 1 h at temperatures above 350°C, a recrystalli-
zation occurs in the wrought alloy. With an increase in
the annealing temperature from 350 to 550°C, the
recrystallized grain size increases from 8 ± 1 to 14.5 ±
1.5 μm. The uniaxial tensile tests have shown that for
the annealed alloy, the yield stress is 260–280 MPa,
the ultimate tensile strength is 291–312 MPa, and the
relative elongation is 5.5–6.1%.
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