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Abstract

Introduction: In this research, aluminum bulk pieces were produced by
spark plasma sintering of 3004 and 5182 alloys powder. Aluminum alloy
powder was previously produced in a planetary ball milling machine by
mechanical milling of UBCs, which consist of Al 5182 for the lid and Al
3004 for the body.

Methods: Sintering was done at 530 °C for 5182 alloy powders and 570
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F‘;?ﬁ:.‘% °C for 3004, (with heating rate of 20 °C/min), in vacuum atmosphere for
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produced cylindrical samples (®=25 and h=17 mm in size) was
determined by Archimedes principle. Tensile strength was obtained
through three extracted tensile samples from top, center, and bottom of
each sintered part. Microstructure of metallographic sections revealed,
then hardness measurements were conducted on them.

Findings: The density of sintered Al 3004 and 5182 was 2.71 and 2.61
g/cm?, respectively, and the average hardness was 231+8 and 109+11
Vickers, correspondingly., The average tensile strength of the sintered
alloys obtained equal 243+17 and 194+7 MPa, respectively. Fracture
morphology indicates a microstructural gradient, which can be in
consequence of liquid phase settling, especially in 5182 aluminum alloy.
Al 3004 also shows suitable sinter ability and the size of distributed
metastable in it is fine.
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Extended Abstract

Introduction

Used aluminum beverage cans are made using
two series of aluminum alloys (3004 alloy for
the main body and bottom and 5182 alloy for
the head) [1]. 3004 alloy contains Mn 1.1% <Mg
0.9% <Fe 0.7% <Si 0.3% and ... alloy elements,
and 5182 alloy contains Mg 4.5% <Mn 0.4% «
Fe 0.35% <Si 0.2% and ... elements [2]. One of
the important features of these alloys is their
freezing range, which for alloy 3004 is from
629 to 654 °C, while for alloy 5182 it is from
510 to 636 °C [3,4]. Since 5182 alloy has a
wider freezing range than 3004 alloy, more
intermetallic compounds are formed during its
solidification [1]. In the solidification process
of 3004 and 5182 series aluminum alloys,
intermetallic compounds Als(Mn, Fe) and
Mg.Si are formed in the aluminum field [5]. In
Al 3004 alloy, the intermetallic phase is
Alg(Mn, Fe) and in Al 5182 alloy, the
intermetallic phase is Mg.Si [3,4].

The sintering process of nanoparticles is
divided into pressure less (conventional) and
pressure - assisted sintering [2]. Pressure -
assisted sintering of powder can be done
through methods such as forging [7], Hot
pressing [8], Hot isostatic pressing [9],
Extrusion [10], Ultrahigh-pressure sintering
[11], and nonconventional methods such as
Dynamic or shockwave consolidation [12],
Microwave sintering [13], Spark plasma
sintering [14]. SPS is an under - pressure
sintering technique based on electrical
discharge of pulsed DC between the space of
the powder particles [17]. Temperature,
pressure, heating rate and holding time can be
mentioned among the influencing parameters in
spark plasma sintering process. By increasing
temperature, pressure and reducing the heating
rate, the density and hardness of the sample
increases, but the grain size increases as the
temperature excessive increases. There are a
number of mechanisms proposed to account for
the enhanced sintering abilities of the SPS
process. Of these mechanisms, the most
commonly case, presence of momentary
plasma generated between particles but using
several experimental techniques no evidence of
the presence of plasma, sparking, or arcing was
found [20]. Among the advantages of spark
plasma sintering technique are sintering with
low temperature and in a short period of time,
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the possibility of processing different materials
(metals, ceramics, composites) and so on [21].

Materials and Methods

The raw material used in this research is
aluminum powder with two series of alloy 5182
and alloy 3004 produced by mechanical milling
method, respectively with Dy size of 109 and
391 micrometers. The powders obtained from
milling were individually sintered using spark
plasma sintering device (SPS) model nanozint
10 in a graphite mold with a diameter of 25 mm.
In order to carry out the process, 25 g of each
alloy powder was charged separately in the
mold. Sintering was done at 530°C for 5182
alloy powders and 570°C for 3004 alloy
powders for 30 min in vacuum, under uniaxial
applied pressure of up to 35 MPa. The heating
rate was 20°C/min. The density of sintered
samples was measured using Archimedes
principle according to ASTM B 328, MPIF 42
and 1SO 2738 standards. The tensile test was
performed at ambient temperature with a
loading rate of 0.1 mm/min. An optical
microscope was used to examine the
microstructure in cross-section of the sintered
samples. As well as an FE-SEM device was
used to examine the fracture surface of the
tensile samples. The micro hardness of the
metallographic sections of the sintered samples
was measured by the Vickers micro hardness
method using an applied force of 50 g.

Findings and Discussion

The sintered density of 5182 and 3004 samples
were 2.61 and 2.71 g/cm? respectively.
According to correspond relative density of
each of which (98.49 and 99.63%), sample
3004 launches better sinterability. According to
the optical microscope images, intermetallic
phases of Ali2(Mn, Fe)Si and Mg.Si can be seen
with  polygonal and spherical shapes,
respectively. The intermetallic compounds
existing in the sintered 5182 alloy are larger and
can be seen more clearly and therefore are
easily distinguished. While in sintered 3004
alloy, these metastable phases are much
smaller. According to the amount of porosity
and also the size and distribution of metastable
phases, a gradient from top to bottom of cross
section is observed. So, in the bottom of cross
section, the porosity is less and smaller, and the
metastable phases are finer than it in the upper
part of the cross-section. Also, the fracture
morphology shows that in the cross section of
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extracted samples from lower part, liquid phase
settling has been occurred therefore, a more
suitable connection has been created than the
other parts. Also, some relatively large pores
are seen on the fracture surfaces, which were
probably related to the already accommodated
intermetallic compounds there. During the
supersolidus liquid phase sintering, which
occurred for both samples, the liquid phase is
formed initially inside the grain, the grain
boundary and the interface between the
powders, and leads to fragmentation. Then
under applied pressure, the formed liquid phase
was settled to the bottom of sample. This is the
reason that in the fracture morphology of the
bottom, the cross-section of the fracture seems
dense. Here, the grains are relatively
surrounded by the liquid phase.

The average hardness for sample 3004 and
5182 were 231+8 and 109+11 Vickers,
respectively, and the average tensile strength
for two samples 3004 and 5182 were
determined equal to 243+17 and 194+7 MPa,
respectively. Consequently, the hardness and
the tensile strength of 3004 is higher than 5182.

Conclusion

In this research, the production of aluminum
bulk parts was successfully carried out through
spark plasma sintering of aluminum powder
with 5182 and 3004 alloy series. The achieved
results of evaluation of sintered samples
showed an improved physical and mechanical
properties in 3004 with respect to 5182.
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