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1. Introduction

Aluminum alloys have attracted much more attention due to the fact that they possess light mass, high strength,
good formability, high heat conductivity, high rigidity, easy recycling, excellent corrosion resistance, and
important tensile strength [1-3]. For the reasons of such attractive features, they have been showing a
remarkable increase in the automotive industry applications and other engineering areas, including aerospace
industry and telecommunication [4-11]. Furthermore, aluminum alloys offer one of the best choices of metals
for aircraft structural components due to their high performance characteristics, manufacturing costs,
implementation methods and manufacturing facilities, allowing their use in large amounts in the future
technology [12]. Nevertheless, it is indispensable to improve the mechanical behavior of these manufacturing
materials such as strength and ductility [13]. Consequently, the most important advantage of the aluminum
alloys with small thickness is not only to economize the cost, but also to reduce the weight for structural
applications. Then it’s a challenge to produce an alloy with enhanced resistance and keeping a reasonable
ductility. For not-heat-treated aluminum alloys, resistance can be obtained by forming heavy cold, which is
related to the substructure refinement resulted in large plastic deformation. However, a poor ductility is
frequently accompanied by a heavy cold work such as the cold rolling. Often the annealing at a lower
temperature in the beginning of recrystallization may be applied to recover ductility without significant loss of
strength. [14-18]. The cold-rolling is a very important process of wide aluminum alloy sheets. Additionally, the
rolling reduction and the following annealing temperature are the important parameters during this process.
Certainly, the annealing heat treatment can improve the forming ability for the rolled sheet. For these reasons,
in the one hand, it is important to study the effect of the cold-rolling reduction and in the second hand
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the annealing temperature effect on the microstructure and on the mechanical properties of aluminum
alloy [19-22].

In this perspective, the AA1050 alloy is generally characterized by low mechanical strength compared to other
aluminum series, due to less solute atoms and particles which have precipitated a barrier against the mobility of
dislocations. Nevertheless, this material strength could be significantly improved by severe plastic deformation
[23-25]. This sheet metal is one of the most popular categories of aluminum for general sheet metal work where
moderate strength is required. AA1050 alloy is used industrially as a chemical process plant equipment, food
containers, lamp reflectors, architectural flashings, and cable sheathing. This could be due to its powerful
corrosion resistance and high ductility properties.

The purpose of the present study is to investigate the microstructural and mechanical properties of AA1050
alloy at different metallurgical conditions. A particular interest was given to the effect of the corresponding
modifications to the variation of mechanical properties as well as those of the microstructure. Our study
provides a strong support to improve mechanical properties and performance of aluminum alloy sheets and thus
to develope a new technology for industrial applications.

2. Experimental procedure

The material used through this investigation is AA1050 alloy, 3 mm thick sheet. The chemical composition is
given in Table 1. The as-received AA1050 alloy was homogenized at 500 °C for 24 hours and finally quenched
in iced water, in order to obtain a fully recrystallized homogeneous microstructure. The homogenized samples
were machined into 300 mm x 300 mm x 3 mm rectangular as the as-rolled specimens. Then, sheet was rolled
in air. The thickness of sheet was reduced by rolling from 3 to 1.5 mm and 1 mm, and total rolling reductions
are 50 % and 66 %, respectively. The as-rolled alloy with the reduction of 66 % has been retained to study the
impact of annealing temperature on microstructure of as-rolled aluminum alloys. Four types of heat treatments
were performed on the as-rolled alloy, namely at 100, 200, 300 and 350 °C for 1 hour, respectively. The
metallographic analysis was conducted by exposing the specimens to grinding at up from 600 to 4000 abrasive
papers, fine polishing to mirror finish with diamond paste respectively of 9 um, 6 pum, 3 pm and 1 pum and then
the specimen surfaces were etched by an electrolytic etching Keller’s solution reagent (2 % HF + 3 % HCI + 5
% HNO; + 90 % H,0). The microstructure evolution of the samples was studied using optical microscopy (OM)
and scanning electron microscopy (SEM) by an accelerating voltage of 15 kV. The phase identification was
examined by a Siemens D5000 X-ray diffractometer using CuKa X ray source and 26 range from 5° to 120° at a
scanning rate of 0.02(°)/s. The XRD patterns were achieved from the sheet of the 15 mm x 10 mm x 1 mm
samples, cut along longitudinal direction. Specimens for hardness tests were prepared by mechanical grinding
and polishing, then conducted on a Vickers hardness testing machine with a load of 300 g and a loading duration
of 15 s. For each specimen, at least ten indents were performed. Tensile tests were carried out to evaluate the
mechanical properties of the AA1050 alloy. It was performed on testing machine at a cross-bar speed of 5mm /
min following the standard 1.S.0 6892. We make many tests to see if we obtain a good reproducibility. The
extensometer attached to the sample gauge was used to determine strain and total elongation. The 0.2 % yield
strength (Y.S), ultimate tensile strength (U.T.S) and elongation to failure were averaged over three specimens.

Table. 1. Chemical composition in weight % of the AA1050 alloy sheet studied.

Al Fe Si Mg Mn Ni Cu Cr Zn Pb
balanced 0.21  0.0693 <0.05 0.0170 <0.1 0.0823 <0.03 <0.15 <0.03

3. Results and discussion

3.1 Microstructure characterization

The optical microstructures of a received state (a), homogenized (b) and as cold-rolled AA 1050 alloy with
different reductions (c-d) are shown in (Figure. 1.) .The as- received alloy had a heterogeneous microstructure
with grains dispersed in various directions (Figure.1a). After homogenization treatment at 500°C for 24 hours,
most residual phases are dissolved into a-Al matrix, and the grain boundaries become thinner and clear (Figure.
1b). The grain shape was equiaxed. However, small indissoluble phases containing Fe and Si elements can still
be observed both within the grains and along the grain boundaries.

Figure. 1c shows the OM micrograph of the AA1050 alloy after application of 50 % rolling reduction. The
grains of the sample were significantly elongated with respect to the rolling direction. The shear bands were
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observed at 45° angles with respect to the rolling direction. By comparison, when the strain was further
increased to 66 % rolling reduction, the grains are severely elongated along the rolling direction and fibrous
grains were obtained in the sample (Figure. 1d).

uopasp Suyjjoy

ol ¥ 3T T
—‘ m . 5 7 4
Figure. 1: Optical micrographs of a eeiv state AA1050 aIIy (a), AA1050 alloy homogenized (b), AA1050
alloy cold-rolled 50 % (c) and AA1050 alloy cold-rolled 66 % (d).

Figure 2. Illustrates the microstructures of as-rolled AA1050 alloy with 66 % reduction under different heat
treatments. It can be seen that annealing treatments change the grain morphology, the grain size of the alloy is
larger with the increase of annealing temperature, especially in Figure. 2(a-b).The grains grow seriously after
annealing at 300 °C for 1 hour (Figure. 2c). Many intermetallic particles precipitate from the matrix during
annealing and most of these precipitates are distributed along with grain boundaries after annealing treatment. It
is found that the precipitates of the alloy are the most when annealing at 350°C for 1 hour (Figure. 2d). The
same result confirmed by Jun-Hyun, Han et al [26].

In order to observe the change of secondary phase, further SEM and XRD studies were conducted on the all
samples and the results are shown in Figs. 3, 4 and 5, respectively.
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Figure. 2: Optical micrographs of as-rolled AA1050 alloy with 66% rolling reduction subjected to different
annealing heat treatments: (a) cold-rolled + annealing 100°C for 1 hour, (b) 200 °C for 1 hour, (c) 300 °C for 1
hour and (d) 350 °C for 1 hour.

Figures. (3-4) show the morphology of the AA1050 alloy analyzed by SEM. The treatment of AA1050 material
at the temperature of 500 ° C. for 24 hours gives it a good homogenization as shown in Figure.3c-d. Firstly the
AA1050 alloy in its present state of reception (Figure.3a-b) demonstrated non-homogeneous microstructural
behaviour. It shows the existence of some precipitates. This explains that values of yield strength, tensile stress
and microhardness were accompanied by a low elongation [27, 28]. After cold-rolling, the SEM micrographs of
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AA1050 alloy (Figure.4a-b) and (Figure.4c-d) show that the precipitates are very fine [29]. The particle
morphology and the particle size distribution become nearly homogeneous. In fact the deformation by cold-
rolling generating the fragmentation of the microstructure has not been canceled even by annealing at 350°C for
1 hour.

Fig.5. shows the sample at as- received presents a final texture on the plane (220). After homogenization, a new
privilege texture is generated following a new plan (200). Further, It is noticed the presence of all peaks on the
face-centered cubic structure of the aluminum. In addition the fundamental reflexions of the aluminum matrix
are very fine XRD reflexions with law intensity are observed (figure.5a-b-c-d).These XRD reflexions
correspond to the presence of a second phase and an intermetallic compound. Then, it’s could be attributed to
the precipitates AlgFe,Si and AlsFe .The crystallographic structure of AlgFe,Si can be judged as hexagonal
structure and AlsFe as a monoclinic structure. Our results are in good agreement with other work done on the
same alloy [29]. Even after cold-rolling and annealing at 350°C for 1 hour no changes in texture was observed.

Figure. 3: SEM observation of a received state AA1050 alloy (a, b) and the homogenized AA1050 alloy at
500°C for 24 hours (c, d).

Figure. 4: SEM observation of AA1050 alloy cold-rolled with 50 % + annealing at 350°C for 1 hour (a, b) and
AA1050 alloy cold-rolled with 66 % + annealing at 350°C for 1 hour (c, d).

3.2 Mechanical properties

3.2.1 Microhardness results

Data on mechanical properties (Ultimate tensile strength (U.T.S.), yield strength (Y.S.), elongation (E %) and
microhardness (HV)) is summarized in table 2.
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Figure. 5: The XRD patterns of a received state AA1050 alloy (a), the homogenized AA1050 alloy (b), the
AAL1050 alloy cold-rolled with 50 % + annealing at 350°C for 1 hour (c) and the AA1050 alloy cold-rolled with
66 % + annealing at 350°C for 1 hour (d).

Table. 2. Tensile properties and hardness of the AA1050 alloy in various conditions.

conditions Y.S(MPa)  U.T.S(MPa) Elongation (%) HV (0.3)
AAL1050 alloy a received state 85+1 105+1 3+2 35+2
AA1050 alloy homogenized at 27+1 71+1 4142 22 2
500°C for 24 hours
AAL1050 alloy cold-rolled at
50% without annealing 90+1 120+1 2.5+2 48+2
AA1050 alloy cold-rolled at 66
% without annealing 100+1 140+1 1.75+2 5312
AA1050 alloy cold-rolled at 311 81+1 28+2 43+2
50% and annealed at 350°C for
1 hour
AA1050 alloy cold-rolled at
66% and annealed at 350°C for 38+1 86 +1 3612 49 £2
1 hour

The hardness of the alloy after the homogenized treatment decreases from 35+1 HVy5to 22+1 HV, 5. For as-
received alloy, the microstructure is heterogeneous and there is some segregation, therefore. For the
homogenized alloy, the microstructure is homogenous, some second-phase particles are dissolved or disappear,
and the segregation is reduced, so the hardness is lower compared with the as-received alloy. The hardness
decreases notably after homogenization. For the cold-rolled alloy, hardness increases rapidly with increasing
rolling reduction. This means that there is obvious work hardening during rolling. However, the hardness
changes from 43+1 HVg3to 4911 HV,3, when the rolling reduction increases from 50 to 66 % and annealing
temperature at 350°C for 1 hour, respectively. As the rolling reduction is 66 %, the hardness that is almost more
two times that of the as-homogenized AA1050 alloy, indicating that the hardness can be improved by rolling.
The reason is that with the increase of rolling reduction, the dislocation density increases, so the hardness
increases. For annealing at 350°C for 1 hour, the hardness decreases slightly. This indicates that work hardening
can be diminished effectively by annealing heat treatments, which is beneficial for the further development of
wide AA1050 alloy sheets. Vickers microhardness values found in this study are with good agreement with
those of X .G. Qiao et al [30] for the same material plastically deformed by ECAP material.
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3.2.2 Tensile test results

For a received state AA1050 alloy, the ultimate tensile strength (U.T.S), yield strength (Y.S) and elongation are
105+1 MPa, 85t1 MPa and 3+2%, respectively. Both the strength and elongation change butter after
homogenized treatment, (U.T.S), (Y.S) and elongation are 71+1 MPa, 27+1 MPa and 41+1%, respectively. As
seen, cold-rolling leads to a notable change in mechanical properties of the AA1050 alloy. With increasing cold-
rolling reduction, the (U.T.S) and (YS) increase gradually, while the elongation reduces. Certainly, the
improvement of the mechanical behaviour of the alloy of aluminium can be mainly attributed to the following
reasons. In the first one, with increasing rolling reduction, grains are severely elongated along the rolling
direction. It is advantageous for development of fiber texture along the rolling direction, which gives elevation
to the improved tensile strength. Evenly with increasing rolling reduction, much more secondary phase
precipitates play an important role in improving strength by precipitation strength mechanism. In the second
one, with increasing rolling reduction, the work hardening is evident. This can lead to the increase of
dislocations density and substructure, which results in the enhanced tensile strength and reduced elongation
[22]. Although tensile strength decreases obviously and ductility increases notably after cold-rolling and
annealing at 350°C for 1 hour. However, at the same time, the (U.T.S) and (Y.S) increase gradually from
81+1MPa to 86t1MPa and from 31+1MPa to 38+1MPa, when the cold-rolling reduction increases from 50 to
66 % and annealing temperature at 350°C for 1 hour, respectively. The elongation of the sample is enhanced
from 28 % to 36 % respectively increasing rolling reduction and annealing. The reasons for the decreased tensile
strength and the enhanced elongation are as follows. Firstly, increasing annealing temperature can give rise to
increase of grain size. The grain size [d] has a significant influence on the mechanical properties of alloys,

which can be explained through Hall-Petch equation [31]:
k

o =0+ N
The smaller the grain size is, the better the mechanical properties are. The refined grains prevent the motion of
dislocations from increasing the strength, and the slip systems can be changed by the blocked dislocations.
Secondly, with increasing annealing temperature at 350°C for 1 hour, the secondary phase is coarser, which is
bad for improving strength. Finally, the recrystallization occurs at 350°C for 1 hour and the density of
dislocations decreases leading to the corresponding change of mechanical properties [32—38].

3.2.3 Fracture mechanism

Figure. 6(a-d) shows the fracture surfaces after tensile test at high magnification of AA1050 under different
conditions. It shows shear zones and dimples, which are characteristics of ductile fracture. Ductile fracture
normally occurs in a transgranular manner (through the grains) in metals that have good ductility and toughness.
This type of fracture initiates with the nucleation, growth, and merging of microvoids near the center of the test
sample [39].

Figure. 6: Tensile fractured surfaces of AAL1050 at, a received state(a), homogenized (b), cold-rolled with 50 %
+ annealing at 350°C for 1 hour (c) and cold-rolled with 66 % + annealing at 350°C for 1 hour(d) at high
magnification
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Conclusion

In view of the present data, it can be concluded that A A1050 alloy severely deformed by cold-rolling at 50%
and 66%, as well as after the different metallurgical conditions, has a considerably changed properties. To study
the evolution of the microstructure and associated changes of mechanical properties, the following conclusions
were given below:

After homogenization at 500°C for 24 hours the material has a more uniform distribution than that of the
material at a received state. Micrographs OM show the grains of AA1050 alloy have a varied shape which
depends on the rate of deformation by cold-rolling. Micrographs SEM show that the structure is fragmented and
the precipitates are fines, more in number and smaller in size. The XRD patterns show that AA1050 alloy has a
well defined texture on the plane (220). After homogenization, the texture has been changed following the plane
(200) and the same result was observed in cold-rolling with annealing at 350°C for 1 hour. Furthermore, it was
noticed the presence of all the fundamental peaks on the face-centered cubic structure of the aluminum of the
matrix with the existence of some secondary peaks of low intensity which could be attributed to the precipitates
AlgFe,Si and AlzFe. The tensile properties were very well improved as a function of cold-rolling and the
elongation at break is also decreased. Vickers microhardness showed a good improvement from the cold-rolling.
A challenge to give balanced mechanical properties, including enhanced ductility, and reasonable strength. It’s
suggest that the annealing at 350°C for 1 hour after cold-rolling is the appropriate choice given that the
AA1050 alloy shows a good compromise between excellent tensile proprieties, microhardness and ductility with
reasonable uniform of distribution microstructure.
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