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ABSTRACT

Today aluminum alloys are widely used in the industry. Therefore, improving the quality of castings from
aluminum alloys is one of the essential tasks in the field of foundry. This is achieved by the development of new alloy
compositions, their modification, refining, and heat treatment. The purpose of this research was to study the effect of
processes occurring at the eutectic transformation temperature range on the formation of the structure of the aluminum-
mini-copper alloy. The influence of processes developing in the temperature range 5-7°C above the onset of eutectic
transformation temperatures on the formation of the alloy structure was studied. The research showed that the
microstructure of the eutectic aluminum-copper alloy is divided into separate components with their subsequent
combination (a-solid solution and CuAl2 phases). Based on the study on Al - 33% Cu and Al - 12% Si alloys, it can be
stated that being slightly overheated, microstructures with dispersed phases are formed at the eutectic equilibrium

temperature range, both in the eutectic components and secondary phases.
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INTRODUCTION

Today aluminum alloys are quite widely used in
industry [1-5]. Therefore, the improvement of the quality
of castings from aluminum alloys is one of the essential
tasks of foundry production. This is achieved by the
development of new alloy compositions, their
modification, refining, and heat treatment [6-10].

A large number of studies are devoted to the
effect of heat treatment on the structure of eutectic of
aluminum alloys at the temperature range near eutectic
equilibrium temperatures [11-14].

The purpose of this research was to study the
effect of processes occurring at the eutectic transformation
temperature range on the formation of the structure of the
aluminum-mini-copper alloy.

MATERIALS AND METHODS

Preparation of the Al - 33% Cu alloy was carried
out as follows. Primarily, aluminum was melted in the
crucible at 750°C. After removing the slag from the
surface of the melt, copper was added thereto. The
samples were cast into a cast-iron mold at 720°C.

The heat treatment of the cast samples previously
placed in the quartz backfill was carried out in a batch

furnace LMV 02/12 [15]. The quenching temperature
exceeded the eutectic temperature of the alloy by 5-7 °C
and was 590-592°C. The samples were cooled at a rate of
0, 01-0, 03 deg/s in a batch furnace to 480°C. Further
cooling was carried out in cold water after the removal of
the samples from the quartz backfill [16, 17].

Alloy structure in the cast and heat-treated states
was studied on AXIOObserver. Almr microscope, the
characteristics of which are given in [18]; mechanical
properties were studied on LFM 20 kN - universal tensile
machine [19].

Fractographic analysis of the samples is
performed on stereomicroscope CarlZeissStemi 2000-C
under small magnifications. The characteristics of the
microscope are described in [20].

RESULTS AND DISCUSSIONS

The structure of the cast sample of the eutectic
composition is classical in the sectorial structure of single
crystals [20]. Figure-la shows a cross-section of a +
CuAl, colonies in an alloy of eutectic composition [67%
by Al weight] crystallized under accelerated cooling
conditions (casting into a metal mold).
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Figure-1. The microstructure of Al-33% Cu alloy in the cast (a) and quenched
(quenching temperature 545 °C; holding time 30 min., cooling in water)
conditions, increasedx200.

Heating the sample near the eutectic equilibrium
temperature and holding at this temperature results in
melting in the alloy at interfacial boundaries, and
redistribution of structural components. Cellular structure,
uneven phase distribution, the prismatic shape of CuAl,
phase is preserved (Figure-1, b).

Significant overheating over the liquidus line
leads to the release of a greater amount of interfacial heat,
which in turn is accompanied by different rates of
diffusion flows and the formation of spatially reoriented
eutectic colonies (Figure-2).
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Figure-2. The microstructure of the Al-33% Cu sample,
quenched at a temperature exceeding the liquidus line.

Using a scanning electron microscope, the
elemental composition of the heat-treated sample was
analyzed (Figure-3). In Figure-3, a series of spectra was
selected, which confirmed by its data a decrease in the
amount of the CuAl, phase in the a-solid solution as it
moves away from larger rounded CuAl, particles. Thus,
one can clearly see the redistribution of components and
the occurrence of heterophasic phase separation due to
heating near the eutectic equilibrium point.
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Figure-3. The structure of the Al-33% Cu alloy in the
heat-treated state:
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Spectrum No Flement
Al Si Cu

Spectrum 1 49,05 0,93 50,20
Spectrum 2 48,39 — 51,61
Spectrum 3 48,71 - 51,29
Spectrum 4 49,61 1,32 49,08
Spectrum5 48,33 - 51,67
Spectrum6 93,43 1,39 5,18
Spectrum?7 93,32 1,08 5,59
Spectrum§ 94,58 0,84 4,58
Spectrum 9 93,21 0,87 5,92
Spectrum 10 79,13 1,17 6,30

The research results demonstrate a noticeable
increase in the mechanical properties of the sample after
the proposed heat treatment (Table-1).

Table-1. Mechanical properties of Al-33% Cu alloy.

. Yield strength, Destruction
Alloy condition MPa narrowing, %
Cast 392 0
After heat 514 0.89
treatment

Fractograms of the eutectic Al-Cu alloy were
obtained on a microscope. The presence of a river line in
the cast sample indicates a significant fragility of the
material (Figure-4, a). After heat treatment, a crystalline
fracture can be observed (Figure-4, b).

The CuAl, phase, having a faceted shape and
being a more fragile component, acts as the separation
boundary. The fracture is intercrystalline and extends
along the boundaries of the crystals of the CuAl, phase.
Due to phase redistribution as a result of heat treatment, a
stronger sample was obtained, as evidenced by the value
of temporary tensile strength.

(b

Figure-4. Fractogram of Al-33 % Cu alloy in the cast (a) and quenched (b) conditions.

The shape of CuAl, crystals depends on the
occurrence of hetero- and homogenization processes of the
formation of structural components. A slight superheat (5-
7 °C) above the eutectic equilibrium temperature
contributes to the onset of melting and the formation of a
cluster mixture, which consists of micro volumes, which
are the characteristics of the crystalline phase structure.

CONCLUSIONS

The influence of processes developing in the
temperature range 5-7 °C above the onset of eutectic
transformation temperatures on the formation of the alloy
structure is studied. The studies showed that the

microstructure of the eutectic aluminum-copper alloy is
divided into separate components with their subsequent
combination (o-solid solution and CuAl, phases). Based
on the study on Al-33% Cu alloys, it can be stated that
being slightly overheated at the eutectic equilibrium
temperature range, microstructures with dispersed phases
are formed both in the eutectic components and in the
secondary phases.
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