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Abstract

Introduction: : Recent studies have shown that in 3000 and 5000 series
aluminum alloys metastable phases are present that their size and
morphology change with a semi dispersion treatment. Nevertheless, there
is no consensus about the temperature to achieve the highest fragmentation
of metastable phase. On the whole, the size and distribution of dispersoids
are dependent on the fabricating method and complementary steps. In this
research, the effect of the temperature of "post treatment” on characteristic
of metastable phase and improving the impact strength of the alloys as
extruded was investigated.

Methods: By hot extrusion of 4-inch billet, produced by melting and casting
of used beverage aluminum cans, a profile with a rectangular cross-section
of 10 x 20 mm was obtained. The samples wire cut from the profile. Then,
"semi dispersion treatment” was done in a way, in that the samples which
were quasi dissolved at 600°C for 8h followed by water quenching, and then
semi aged at temperatures of 300, 400, and 500°C for 1 hour. The Charpy
impact test was carried out at room temperature according to ASTM
standard E23-06.

Findings: The results of the Charpy impact test showed that with rising semi
aging temperature from 300 to 500 °C, impact toughness increases from 72
to 87 (J/cm?). Meanwhile, the impact strength of the reference sample (after
extrusion and without semi dispersion treatment) is 55 (J/cm?). The change
in impact strength is in the result of morphology change and distribution of
metastable phases, which are mainly cubic o — Al(Fe, Mn)Si,

orthorhombic Alg(Fe, Mn), and Mg, Si.
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Extended Abstract

Introduction

The aluminium can was introduced in the
early 1970s. In the past, people assumed
aluminium cans as a discardable product.
Eventually, by the late 1970s recycling of
aluminium cans began in the industry [1].
Aluminium used beverage cans made of two
aluminium alloys, (3004 ASTM for the main
body and
5182 ASTM for the lids) with different
compositions [2]. Aluminium 3xxx alloys are
one of the most used commercial wrought
alloys in architecture and packaging
industries due to their excellent formability
and high corrosion resistance. Its alloys are
classified as non-heat-treatable alloys.
Recently, several studies have precipitated a
reasonable amount of dispersed particles
during heat treatment [3]. 3xxx alloys
contain manganese, iron, and certain amount
of silicon. As well as the two dominant types
of dispersed particles are cubic type a —
Al(Fe,Mn)Si, and orthorhombic type
Alg(Fe,Mn). In alloys with high §ij,
dispersoid a — Al(Fe, Mn)Si particles are

present, but Alg(Fe,Mn) will not
precipitate. In alloys with low Si, a—
Al(Fe,Mn)Si particles will precipitate

during heat treatment at low temperatures,
but will dissolve at high temperatures and
Alg(Fe, Mn) present as a stable phase. Mg,Si
is in small amounts [4,5]. 5182, is used in the
bottom of beverage cans due to its higher
strength than 3004 .a — Al(Fe,Mn)Si and

Mg2Si phases are formed in 5xxx alloys, so
that Mg»Si intermetallic is dominant. In this
alloy [6]. The type of dispersed particles
varies with composition and heat treatment.
At low temperatures in quasi-stable two-
phase aluminium-manganese binary alloys,
Al12Mn_12 Mn and Al;Mn are formed, bcc and
orthorhombic structures, respectively. At
higher temperatures, the equilibrium phase
in  aluminium-manganese  alloys is
Alg(Fe, Mn)orthorhombic phase.

The addition of iron and silicon reduces the
solubility of manganese in aluminium. On the
other hand, accelerates the deposition of
scattered particles containing manganese.
Silicon is interested in the precipitation of
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dispersoid particles of simple cubic type a —
Al(Fe,Mn)Si phase. Iron may replace
manganese in both o — Al(Fe,Mn)Si and
AlgMn phases. When the Mn/Fe ratio is high,
the o — Al(Fe,Mn)Si phase has a simple
cubic crystal structure, while for higher
amounts of Fe, the phase may change to a bcc
crystal structure [7]. Due to the low
solubility of Fe in aluminium and the
variability of the chemical composition of
beverage cans, compounds Alg(Fe, Mn) is
formed with smooth edges (sharp and
without curvature) during solidification,
which its morphology increases stress
concentration and reduces mechanical
properties [8]. Warmuzek et al. [9] stated
that aging heat treatment is a helpful method
to transform a type of precipitate while
simultaneously changes its morphology.

During precipitation treatment, the coarse

intermetallic particles of Alg(Fe, Mn)
started to fragment. For
instance, Alg(Fe, Mn) particles  after

treatment at 300°C for 48 hours were in the
Chinese lines with large branches, while the
branches were divided into parts after
treatment at 425°C for 48 hours. Only minor
changes were observed between the a —
Al(Fe, Mn)Si and Mg,Si due to their small
size and low volume fraction. When the alloy
was heated at precipitation temperature of
dispersed particles, 350 and 375 °C,
continuous precipitates of fine dispersoid
particles prevailed. No significant coarsening
was observed. Fine dispersed particles are
uniformly distributed when treated at 350°C
and 375°C for 48 hours. The average size of
dispersed particles after 350 °C for 48 h, 46
nm, is smaller than that of 375 °C for 48 h, 61
nm. However, the volume fraction after 375
°C for 48 h (2.95 vol. %) is much higher than
that of 350 °C for 48 hours (0.78 vol. %), the
higher micro hardness observed at 375°C
[3].

Totally, the type, size, and distribution of
formed  dispersoid particles during
homogenization have a noticeable effect on
the deformation, recrystallization behavior,
and mechanical properties of non-heat-
treatable 3xxx aluminium alloys [4]. During
homogenization heat treatment, the size of
dispersed particles grows with increasing
temperature and holding time. The aspect



Summer 2023. Vol 12. Issue 44

ratio of the particles increases with
increasing temperature, but the alloy is
heated to 530 °C, the aspect ratio of the
particles starts to decrease. From the
evolution of the size and the numerical
density of dispersed particles, it can
concluded the precipitation process is
mainly controlled by nucleation [10].

The morphology of precipitates was
reported in research at the beginning of
precipitation temperature 350°C dispersed
particles are almost cubic. As the
temperature increases, the dispersed
particles change to rectangular and sheet-
like shapes. When the alloy is heated to
600°C, large plate-like and rod-like
dispersoid particles are formed between the
o — Al(Fe, Mn)Si dispersed particles, which
have been detected as Alg(Fe,Mn) [11].
Intremetallics in aluminium alloys have a
noticeable effect on microstructure and
properties during post-casting treatment.
The size, density, and distribution of
intermetallic affect rolling and annealing
textures, recrystallized grain size,
heterogeneity, formability, and final surface
[12].

In this research, in cast and extruded
aluminium used beverage cans, the influence
of heating at a temperature range (300-
500°C) for 1 hour on morphology changes of
metastable phases was investigated.

Materials and Methods

The beverage cans, which consist of 3000
and 5000 series aluminium alloys, are used
as raw material in this work. Collected Used
beverage cans (UBCs) were melted into a
billet with a circular cross-section of 4 inches
in diameter. Then, it transformed into a
profile with a rectangular cross-section of 10
x 20 mm by hot extrusion. The chemical
composition of this alloy, analyzed using
emission spectroscopy is shown in Table 1.
Charpy impact test samples were extracted
from this profile by wire cutting, and the
schematic image is given in Figure 1. Then,
the evolution of dispersed metastable phase
was investigated. In other words, the Charpy
impact specimens for probable solution
were heated at 600°C for 8 h at a furnace
with a heating rate of 10°C/min, followed by

VOV
\OA
ATAR
\Pe
\#7)
\PY
\PY
VY
VPO
\Ved
\PY
\FA
I
\V-
\AA
\YY
\ VY
\Vf
VYO
\Y#
\YY
\YA
Yva
YA
VAN
VAY
VAY
\AY
YAD
\A¥
\AY
YAA
VA4
‘4.
1)
\ay
\ay
\af
Y40
AV
\ay

—
+ o0
o >

“ ¢ —C —t 1t -t —t
> <0 6t — -

-

-

-

-

-

-

-

-

quenched in water at RT, and then they were
semi-aged by heating at 300, 400, and 500°C
for 1h at a furnace by the heating rate of
10°C/min and quenched thereof.

The Charpy impact test was performed
according to the ASTM E23-06 standard
using a pendulum-type test machine, Roell
Asmler Zwick/RKP300 at RT. An average
value of impact strength results, was
reported from 3 tests. The dimension of the
fracture surface was measured by a caliper in
the transverse direction (TD) perpendicular
to the extrusion direction (ND). The fracture

surfaces were examined by scanning
electron microscope (SEM: Cam Scan
MV2300 Czech) coupled with energy
dispersive spectroscopy (EDS).

Metallography of the cross-section of the
samples was accomplished by grinding
P600-P2500, electropolishing (40 ml ethanol
and 10 ml ©perchloric acid), and
electroetching by Barker solution (2 ml
HBF4 and 100 ml distilled water).

The metallographic images were prepared
using an optical microscope
(OLYMPUSPMGS3, Olympus, Japan). Then, the
number of dispersoids and their percentage
were calculated by Image ] software. Then,
the histogram diagram for dispersoids was
calculated by MiniTab software at different
heat treatment conditions.

Findings and Discussion
Microstructural investigation

Before dispersion treatment, BSE SEM
images of extruded samples show
dispersoids in round, angular, cubic, rod,
plate, and spherical shapes. Dispersoids are
inherent characteristics of these alloys.
According to the SEM-EDS result, particles
are two colors. Gray particles are
Alg(Fe, Mn) brighter intermetallics, Al (Fe,
Mn) Si, and minor phase of black Mg,Si,
consistent with the literature [3,5,11].
During dispersion treatment, the large and
polyhedral intermetallics begin to fragment,
particularly at the temperatures up to 500°C
and reached the finest at 500°C.

By increasing temperature up to 500°C, the
morphology of dispersoids changed from
cubic to round. At 500°C, semi aging
temperature, the finest dispersoids were
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obtained. Change in the morphology,
removal of sharp corners, fineness, and
homogenous distribution of intermetallics
are the main reasons for increasing the
impact strength.

According to the results of area fraction
percentage of dispersoides, Table 3, the
number of dispersoids has increased with
the increase of semi aging temperature, so
that in the condition (Quasi Solut. at
600°C/8h+Q in w+ semi aging at 500°C/1h),
the highest number of dispersoids are
evident. The histogram diagram shows the
distribution of the aspect ratio of particles in
different dispersion treatment conditions,
except at (Quasi Solut. at 600°C/8h+Q in w+
semi aging at 500°C/1h) the histogram
diagram is relatively wide. As the process
temperature increases, the distribution
moves to the left, the size of the histogram
becomes narrower, and the aspect ratio of
the particles is closer to 1 at (Quasi Solut. at
600°C/8h+Q in w+ semi aging at 500°C/1h),
confirming the spherical of the particles,
which has a more uniform and finer
distribution of the dispersoids. In a study, the
tiny particles occupying the center of the
recrystallized aluminium grains are particles
[13]. The positive feature of these alloys is
the presence of particles inside the grains in
any condition, and they reduce the
movement of dislocations according to
Cottrell's atmosphere. In contrast, the
continuous presence of particles in grain
boundaries reduces mechanical properties.
Also, with increasing the temperature, the
finer grains, which indicates
recrystallization, formed. At (Quasi Solut. at
600°C/8h+Q in w + semi aging at 500°C/1h), in the
research work [13], the presence of
intermetallic particles in aluminium-iron-
manganese alloys helps the nucleation of
recrystallization.

Mechanical properties

The examination of the fracture surface of
the samples before and after dispersion
treatment shows dimples and tear areas. In
the samples without dispersion treatment,
the components inside dimples are larger,
and in the polyhedral shapes with sharp
corners, the dimples also have large
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openings and relatively sharp corners. By
dispersion treatment at a semi aging
temperature of 300°C, the number of
trapped particles inside dimples decreases
and the dimples are slightly bent, associated
with the formation of Micro-neck. By
increasing the semi aging temperature to
400°C, elongated dimples are visible, and the
shape of internal components has changed to
around.

Finally, at the semi aging temperature of
500°C, the dimples become deeper and well-
developed dimples. The formation of each
micro neck causes the failure change from
Transgranular to Intergranular, and due to
this change, the impact strength increases.
By suitable semi aging treatment, smaller
metastable phases can be found in the field,
which are more uniformly distributed. This
alloys are annealed in the temperature range
of 300 to 500°C [3]. If the process is stopped
in the recrystallization stage, a finer grain
structure will be obtained.

Conclusion

Although 3000 and 5000 series aluminium
alloys are known as non-heat-treatable
alloys, dispersion treatment, including quasi
solution treatment, quenching in water, and
semi aging steps can change the size and the
morphology of intermetallics. By increasing
the semi aging temperature from 300-500°C,
the size and the morphology of dispersoids
change from straight and faceted edges to
globular and round, as well as finer and
homogenous distribution of dispersoides are
resulted. This treatment has a noticeable
effect on mechanical properties, such as
improvement in the impact strength by 58%.
The uniform distribution of particles has
been occurred in (Quasi Solut. at
600°C/8h+Q in w +semi aging at 500°C/1h).
On the other hand, fractographic
observations showed  well-developed
dimples with more rounded corners with an
average diameter of 5.39 um at the treatment
condition. Probably, recrystallization at this
temperature is a reason for the collapse of
intermetallic phases.

Lateral expansion is a characteristic of
ductile fracture, which is approximately the
same in all treatments.
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