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Abstract

In this research, five strips, made of Al-7075 in the routes A and C and five strips made of Al-5052
in the route C, were subjected to the equal channel angular rolling (ECAR) process during 5 passes
in order to study the changes of hardness in the ECARed Al-7075-o and 5052 strips. The process of
equal channel angular rolling is one of the severe plastic deformation processes which are used for
strengthening metal sheets. The results of hardness test showed that by increasing the number of
passes, surface hardness and hardness in the direction of thickness for ECARed Al-7075 alloy were
increased 63% and 46% in the route A, respectively and 51% and 30% in the route C respectively.
Also, the hardness in the direction of thickness and surface hardness in Al-5052 alloy were
increased 41% and 64%, respectively.

Keywords: material strengthening, equal channel angular rolling (ECAR), severe plastic
deformation (SPD), Al-5052, Al-7075.

Introduction

Aluminum is a soft and light metal which by the abundance of 8.13% is the third abundant element
in the crust of earth and contains 7.3% of Earth’s mass. Since 1930, aluminum alloys are
considered as the first selective material for structural elements of airplane [1]. Aluminum alloys
are divided to two classes of heat treatable and non-heat treatable [2]. The alloys of aluminum that
have heat treating capability are hardened using natural or artificial aging treatment [3] and that
category of aluminum alloys that are not capable of heat treatable are hardened using mechanical
work. The alloys series 7xxx which their main alloying element is zinc, are heat treatable and the
alloys series 5xxx which their main alloying elements is magnesium and manganese, are non-heat
treatable. These alloys have good welding capability and have very good resistance in aquatic
environment. SPD is an effective and efficient method for improving the properties of different
metallic materials. Traditional methods of production like rolling or extrusion are restricted
because of decreasing cross section in terms of applying high strains and can’t satisfy the
mentioned demands; while SPD processes don’t have these limitations [4]. ECAR process is one of
newest SPD methods that its apparatus and mold are shown in the figures (1) and (2). In this
process, materials are compressed by rolling power to cross channels of mold [5] and in this way
severe plastic strain is inserted to the material without change in cross section.
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Figure 2:Exhibition of apparatus die used in this
research

Figure 1: The used ECAR setup in this
research

As this is a novel process, a few studies are performed on it until now. Nam et al (2003) studied the
influence of chemical precipitation on the microstructure of the sheet made of ECARed A17050
[6]. Kim et al (2004) studied ferrite and pearlite particles in terms of microlithic perspective and
band disappearance in steel sheet after ECAR process [7]. Cheng et al (2007) investigated the
influence of channel looseness in ECAR process on crystalline directions of magnesium alloy sheet
AZ31 [8]. Mohebali et al (2008) studied the properties of steel sheets St14 after applying ECAR
process [9]. Habibi et al (2011) studied the influence of ECAR process on microstructure and
electrical conductance of pure cupper [10]. Kvackaj et al (2012) investigated microstructure,
mechanical properties and micro-hardness of pure cupper sheet which was ECARed during 1 to 13
pass stages [11] and in the same year, Mahmoodi et al studied residual stress in the direction of
thickness for ECARed sheet AL 8053 [12]. Honarpisheh et al (2015) investigated the mechanical
and metallurgical properties of AL/CU bilayer sheet produced by ECAR process [13]. With regard
to the review of previous studies, there is no report on hardness changes in aluminum sheets 7075
and 5052 which are considered among highly used sheets in industry; therefore this research
addresses the study of hardness changes in 7075-o aluminum sheets ECARed in the routes A and C
and aluminum 5052 ECARed in the route C.

Materials and Methods
In this research, two used alloys in the aerospace industries, Al-7075-o and Al-5052 were prepared
as strips with dimensions 3×5×40mm (L×W×t). The process was performed on the Al-7075
samples in routes A and C and for Al-5052 samples in the route C during five passing stages. In the
route C, the sample is rotated 180° before feeding to mold, but it is not rotated in the route A and is
fed to the mold again from the previous level. The chemical composition of used alloys was
obtained by quantmeter method which are shown in tables (1) and (2).
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Table 1: Chemical composition of the Al-7075 alloy

ElementSiFeCuMnMgCrZnTiSnCoVAl

Alloy
composition0.1070.3271.7100.0942.2500.1980.2720.0200.0230.0020.01189.99

Table 2: Chemical composition of the Al-5052 alloy

ElementSiFeCuMnMgCrZnTiSnCoVAl

Alloy
composition

0.1070.3271.7100.0942.2500.1980.2720.0200.0230.0020.01189.99

The results, selected for measuring hardness test and the sample of aluminum after process, are
shown in figure (3). The used setup in this study includes two rollers and die in which the distance
between the openings of two rollers is 2.97mm. The thickness of channel’s input and output is
equal to 3.2 mm and the angle of mold is 120°. Vickers micro-hardness test was implemented using
Wilson apparatus under the load 25g and the time 10s, and surface hardness test was implemented
by Wilson apparatus under the load 32.25g using Brinell method. Before implementing the micro-
harness test, in order to increase the accuracy of test, the surfaces of samples were properly
polished by polisher 4000 and then using one-micron alumina solution.

Figure 3: A) Selected points for sampling in hardness test B) Aluminum sample after process

Results and Discussion
In figure (4), engineering stress-strain graphs are shown for the Al-7075 alloys and Al-5052 alloys.
As it can be seen, in the Al-7075 samples in both routes and also in the Al-5052 samples, yield
strength and tensile strength are increased as a steep slope by increasing the number of passes.
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Figure 4: Engineering stress-strain diagram for the ECARed Al-7075 in the routes A and C,
Al-5052 in the route C.
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Hardness changes in the direction of thickness are shown in three areas of near to upper surface,
center and near to lower surface for aluminum 7075 in the route A is shown in figure (5). As it can
be observed, hardness in the points of the contact between sheet and roller or mold is higher and
more homogenous than central part of sheet. The reason is the existence of friction in the contact
position between sheet and roller or mold, and more inhomogeneous strain. The value of micro-
hardness in the first pass is increased 30% than the annealed sample. The reason for this increase in
the hardness of strain mechanism is the hardness in primary pass. In the first pass, because of
incurring high shearing strain, the density of dislocation is increased and the formation of
secondary cells and also micro-structure and homogeneity of primary inhomogeneous and coarse-
grained structure, causes the increase of micro- hardness. Micro-hardness is increased to its highest
value i.e. 46% in the second pass.
In the third and fourth passes, the hardness is rarely decreased and in the fifth pass, hardness value
is further increased. Decrease in hardness value can be because of the phenomenon of dynamic
recovery. This phenomenon causes balance in dislocation density which causes the grains’
boundaries to prevent from dislocations’ movement and to decrease free route for the movement of
dislocations.

Figure 5: Hardness variations in the area of contact with upper die, central and lower die of
ECARed Al-7075 in the route A

The results of surface hardness test for the sample of ECARed aluminum 7075 in the route A are
shown in the figure (6). It can be observed that surface hardness is increased 20% in the first pass
than the annealed sample and as it was mentioned this hardness increase can be because of work
hardening mechanism in the first pass. Hardness continuously increases with the increase of the
number of hardness pass which reaches to its maximum in the fifth pass i.e. 63%. For the sample of
ECARed 7075 in the route A, the highest value of hardness is in the direction of thickness in the
second pass and maximum surface hardness value is obtained in the fifth pass. This difference can
be because of the increase in surface energy which is increased by the increase of pass stages.
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Figure 6: Changes of surface hardness for ECARed Al-7075 in the route A

Hardness changes in the direction of thickness in the three areas of near to upper surface, center
and near to lower surface for ECARed Al-7075 alloy in the route C, are shown in the figure (7). In
this route similar to route A, because of the existence of friction in the contact location of sheet
with roller or mold and more heterogeneous strain, hardness in the points of contact between sheet
and roller or mold is higher and more heterogeneous than the central part of sheet. The value of
micro-hardness in the first pass is increased 30% than the value of annealed sample. The reason for
this increase in hardness is similar to the route A of hardness strain mechanism in the primary pass.
In the second pass to fifth pass, the value of hardness is not considerably changed and the value of
hardness in it is decreased because of Dynamic recovery than the first pass.
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Figure 7: Hardness variations in the area of contact with upper die, central and lower die of
ECARed Al-7075 in the route C

The results of surface hardness test for the ECARed Al-7075 in the route C is shown in the figure
(8). It can be observed that surface hardness is increased 20% in the first pass than the annealed
sample, and as it was mentioned this increase in hardness can be explained by work hardening
mechanism in the first pass. Hardness is continuously increased by the increase of passing number
which reaches to its maximum in fourth pass i.e. 51% and thereafter, surface hardness is decreased
by the occurrence of dynamic recovering phenomenon in fifth pass. For the ECARed Al-7075
samples in the route A, maximum hardness value was obtained in the direction of thickness in the
first pass and maximum value of hardness in the surface was obtained in fourth pass. As it was
mentioned this difference can be explained by the increase of surface energy which is increased by
the increase of pass stages.

Figure 8: Changes of surface hardness for the ECARed Al-7075 samples in the route C.
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In the comparison of obtained hardness in two routes of A and C for Al-7075, there is no
impressive difference. Hardness changes in the direction of thickness are shown in figure (9) for
three areas of near to upper surface, center and near to lower surface for ECARed aluminum 5052
in the route C. Hardness behavior in this alloy also is according Al-7075 alloy. The value of micro-
hardness in the first pass is 46% increased than the value of micro-hardness in the annealed sample.
The reason for this increase in hardness is hardness strain mechanism in the first pass. In the
second pass, the value of hardness is not considerably changed but in the third pass, hardness
reaches to its maximum i.e. 64%. In the next passes, the value of hardness is decreased because of
dynamic recovery.

Figure 9: Hardness variations in the area of contact with upper die, central and lower die of
ECARed Al-5052 in the route C

The results of surface hardness test for the ECARed Al-5052 samples in the route C are shown in
the figure (10). It can be observed that surface hardness is increased 32% in the first pass than the
annealed sample and as it was stated this increase in hardness can be explained by work hardening
mechanism in the first pass. Hardness is continuously increased by the increase of pass number
which is reached to its maximum value i.e. 41% in the fifth pass and thereafter surface hardness is
decreased because of dynamic recovery occurrence in fifth pass. For the ECARed Al-5052 samples
in the route C, maximum hardness value was obtained in the direction of thickness in third pass and
maximum value of hardness in surface was obtained in the fifth pass. This difference can be
explained with the increase of surface energy which is increased by the increase of pass stages.
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Figure 10: Changes of surface hardness in terms of pass number
for the ECARed Al-5052 in the route C

The increase of hardness influenced by ECAR process is reported for Al-7075 alloy in the
reference [7]. As it can be seen in figure (11-a), hardness value in the annealed sample is increased
60HV to 100HV in Al-7050 alloy. In the figure (11-b) also the comparison of surface hardness and
hardness in the direction of thickness is shown for Al-1100 in which surface hardness and hardness
in the direction of thickness is increased by the increase of pass number. Also it can be observed
that higher values are obtained for surface hardness than hardness in the center of thickness.

Obstacles in Development of Livestock Sector- Evidence from Kazakhstan

Figure 11: a) changes of micro-hardness in terms of the number of pass for Al-7075 [7], b) micro-
hardness changes in surface and thickness for Al-1100 alloy in terms of pass number [14]
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Conclusion

In this research, the influence of ECAR process on the hardness changes of aluminum alloys 7075-
O and 5052 was investigated during which it became clear that by the increase of pass number in
process, the hardness of samples increases and whatever we get more close to the surface of sample
from center, the value of hardness is increased. The results of hardness test showed that surface
hardness and hardness in the direction of the thickness of Al-7075 alloy in the route A were
increased 63% and 46% respectively, and in the route C, 51% and 30% respectively, and also
hardness in the direction of thickness and surface hardness in alloy 5052 were increased 41% and
64% respectively which this increase in hardness is because of occurring high density of
dislocations which form the wall of new grains.
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