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AA5454-O is an easily wrought, or in other words, a ductile aluminium alloy, however, its mechanical properties are
inferior as compared to those of other alloys. The change taking place in corrosion resistance of AA5454-O alloy as a
result of its severe plastic deformation (SPD) by rolling has been investigated in this study. It has been observed that
significant changes occurred in abrasion wear and corrosion resistances of AA5454-O alloy, which was severely
deformed up to 80 % by rolling process. Corrosion resistance of the alloy that was severely deformed by rolling has
increased. The effect of deformation rate on corrosion has been investigated by applying potentiodynamic test whereas
on the other hand such change has been evidenced also through corrosion test. It has been observed that friction
coefficient of severely deformed AA5454-O alloy varied by around 10 %, and that, associated with such change, its
wear resistance also increased considerably. It has been determined that, as a result of severe deformation by rolling,
hardness values rose in areas where the alloy was in contact with rolling surface. In this study, wear resistance of
severely deformed alloy has been investigated as well. It has been observed that deformation value contributed
positively to the increase in wear resistance.
Keywords: rolling, aluminium, plastic deformation, corrosion, wear, friction.

1. INTRODUCTION

corrosion resistance [11]. ECAP process applied on
microstructure has demonstrated that corrosion is of major
importance not only in the case of Al but also in the case of
stainless steel (304). In addition to that, microstructure and
corrosion resistance of copper with or without SPD have
been studied as well. In terms of corrosion resistance,
microstructure of copper with SPD has been found very
high as compared to that of copper without SPD [12]. As
regards corrosion behaviour of Al-Si alloys (hyper-elastic),
effectiveness of adhesion force and corrosion behaviour
have been enhanced by means of SPD. In many further
studies, impact of SPD on corrosion has been investigated
[13]. Mechanical properties of Al-Ni alloys have been
improved thanks to SPD method. Besides, significant
changes have occurred in corrosion behaviour of
commercially pure titanium after it was processed by
application of SPD [14, 15]. It has been reported that
mechanical properties of AZ31 magnesium alloys
improved as well following their treatment with SPD [16].
By addition of Sc versus Zr, effects of Al-Zn-Mg-Cu
alloys on corrosion resistance have been studied too
[17, 18]. Furthermore, impact occurring in the course of
time on protective coatings of mechanical alloys is also
being studied [6]. Hot rolling also exerts significant effects
on mechanical behaviour of materials. Since this process
may at the same time be regarded as an SPD procedure, it
changes corrosion behaviour at a considerable level
[12, 13]. It has not been possible to completely explain
how the corrosion mechanism changed. Moreover,
resistance of grains to corrosion behaviour in Hank
solution could not be explained fully. For this reason,
studies concerned with corrosion behaviour of alloys
containing Mg have become increasingly important.
AA5454-O is an easily wrought, or in other words, a
ductile aluminium alloy, however, its mechanical

Aluminium, a major characteristic of which is
corrosion resistance, is being widely used in automotive,
space research and marine industries because of this
property. Aluminium 5454-O alloy is so important for
corrosion, wear and it has got good resistance, in particular
to seawater and general environmental conditions. It can be
used for road transport body-building, chemical and
process plant, marine, pressure vessels, containers, boilers.
Because of this reason, it is very important to use it.
Furthermore, before using it, it is made by rolling process
for making sheets.
Apart from that, its thermal behaviour is of great
significance in regard to use of other aluminium alloys. In
addition, aluminium is preferred in the case of multiple
plastic deformation processes due to its capability to form
nano-structures. Al5454-O series has until now been
subjected to ECAP (equal-channel angular pressing) or
other multiple plastic deformation processes [1]. Rolling
occupies an important place in ECAP processes in terms of
changing the microstructure [2]. Previously researchers
have in many cases noticed that severe plastic deformation
(SPD) method changed tensile strength as well as
toughness, wear and fatigue resistances [3 – 8]. Darmiani et
al. have investigated that one of the most important factors
is corrosion resistance [9]. Research has shown that
increased repetition of rolling process decreases pitting or
dimpling occurring in microstructure of the material.
Processing of commercially pure titanium by application of
high pressure torsion has changed corrosion resistance
[10]. This situation indicates that there exists a significant
relationship between grain improvement (refinement) and
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properties are inferior as compared to those of other
aluminium alloys. Improving corrosion and abrasion wear
resistances of AA5454-O alloy, which are likely to occur
especially after plastic forming, is quite important in
respect of the fabricated product’s life at the place of use.
If this alloy is compared with other aluminium alloys, its
superior features over those of other alloys may be
enumerated as follows: higher elongation after the
application of tempering or heat treatment processes,
higher elongation at rupture as a result of its deformation
by rolling, and high corrosion resistance due to its being an
aluminium alloy.
Although this alloy is being widely used in the
commercial market, its corrosion, hardness and abrasion
wear characteristics in the case of manufacturing under
severe deformation conditions have not been researched
yet. That is why this study has been undertaken. In this
study, Al5454-O alloy has been annealed and subjected to
severe plastic deformation, where after corrosion, abrasion
wear, and x-ray diffraction tests have been conducted.
Data obtained has been evaluated accordingly.

3. RESULTS
3.1. Constant current test analyses
Fig. 1 includes current density and time graphics,
which indicate time-dependent exposure of samples to
different current levels. Voltage has remained constant
during the tests conducted. Fig. 1 has been used to
investigate variation period of electrode current and pitting
formation in the course of dipping time [19]. In all
samples, current magnitude has risen during initial stages
of dipping process. It has been observed that current
density remained constant at around 180 s and thereafter.
Graphics given in Figure 1 display constant current data by
addition of a trend line and are plotted to indicate the
change in current fluctuations. Highest current level has
been determined as 20 mA. This change has started at
10 % and subsequently declined to the lowest level at 80 %
deformation rate. Pitting corrosion has begun at around
180 s. It has been determined that current density got lower
as the amount of plastic deformation got higher. The
beginning time of pitting corrosion in test samples by
forming bubbles under the same voltage effect with the
voltage remaining constant and the change in pitting
commencement resistance as dependent on deformation
rate may be seen in Fig. 1 [19]. Current drawn by severely
rolled samples was found to be lower than that of the
samples which underwent plastic deformation at the least.
It has been determined that there was an inverse
relationship between the density of the current drawn and
the corrosion resistance.

2. TEST PROCEDURES
AA5454-O alloy has been used in our study. Chemical
results were obtained by analysis that involved
Al (96.4 %), Mg (2.95 %), Mn (0.265 %), Cr (0.045 %).
Before proceeding with the test, AA5454-O alloy has been
subjected to normalizing heat-treatment (annealing) with a
view to eliminating grain size problems that might arise
among the test samples. The alloy that was 10 mm in
thickness has been cut into strips measuring 300 cm long
and 100 mm wide. Rolling process has been fixed as
15 cycles/minute. Deformation rate is given in %.
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Table 1. Wear test parameters
Parameters
Applied load, N
Velocity, mms-1
Track diameter, mm
Environment/Medium
Temperature, oC
Relative humidity, RH %
Time, s
Roughness Ra, µm
WC-6%Co ball diameter, mm

Test conditions
2
197.9
6
Air
19 ± 1
40 ± 5
600
0.12
5

15
10
10%
30%
50%
70%

5

0
0
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De f.
De f.
De f.
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40% De f.
60% De f.
80% De f.
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1200

Time, s

Fig. 1. Table of time-dependent current density at constant
voltage (Trend line)

Aluminium pieces have undergone rolling process at
deformation rates of 10 – 20 – 30 – 40 – 50 – 60 – 70 – 80 %
respectively. Since it was quite difficult to attain a high
deformation rate in a single pass during the rolling process,
rolling has not been applied in one pass. Instead,
deformation rate has been increased by 10 % in each
consecutive pass. Severely plastic deformed (SPD)
aluminium blocks that were thus obtained have been
prepared for wear and corrosion tests. Corrosion tests have
been conducted in 3 % NaCl solution. Reference electrode
was selected as Ag/AgCl sat whereas auxiliary, or in other
words, counter electrode was chosen as Pt. Corrosion
instrument used was VersaSTAT3 potentiometer. Abrasion
wear tester has been selected as MarSurf XCR 20,
V1.20-4. Wear test conditions are given in Table 1.

3.2. Potentiodynamic polarization
Evaluation respecting corrosion rate and corrosion
characteristics has been made on the basis of
potentiodynamic polarization test. Polarization curves for
each sample are given in Fig. 2. Potentiodynamic values
derived that have occurred based on deformation rate are
shown in Fig. 2. It has been determined that corrosion was
higher in the sample which underwent a deformation rate
of 10 %. Corrosion potentiodynamic increased as the
deformation rate got higher. Change in deformation rate
has manifested a significant matter. While corrosion value
has increased in an almost linear manner at 10 – 20 % and
30 – 60 % deformation rates, such corrosion value has
28

exhibited a different trend in the case of 70 % and 80 %
deformation rates, representing a decrease in corrosion
resistance. Due to severe deformation of grains at the rate
of 80% and increased grain boundaries associated with that
process, corrosion occurring has changed from granular
corrosion into intergranular corrosion [19]. At 1 %
deformation rate, Ecorr (anodic and cathodic corrosion
potential) value has arisen as – 1.4 and Acorr (logI at Fig. 2)
value as – 4. On the other hand, same parameters were
measured as – 0.953 and – 7.1 respectively at 80 %
deformation rate. Data obtained has proven that the
deformation rate was quite influential on corrosion of the
aluminium alloy.

many in number, trendlines have been plotted at certain
deformation rates. It has been observed that average values
of friction coefficient of the deformed aluminium alloy
decreased as the deformation rate got higher (Fig. 4).
According to time-dependent change in values of friction
coefficient, deformation rate has begun from 0.65 on the
average and reached a maximum value of 0.67. In the case
of 10 % deformation, abrasion wear rate was found as
0.0011 while friction value was determined as 0.67 max.
On the other hand, in the case of 80 % deformation, such
values were registered as 0.0002 and 0.648 respectively.
As the rate of deformation got higher, abrasion wear
resistance of Al alloy has increased but the friction
coefficient has declined.
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Fig. 3 indicates a plotted graph, which includes all
corrosion values. According to this graph, it has been
determined that corrosion rate changes in a parabolic low
and proportional to deformation rate. In this graph,
corrosion values arisen not only at 10 – 80 % deformation
rates but also at those in between have been taken into
consideration. Potentiodynamic values shown in Fig. 3 are
quite significant and meaningful in terms of demonstrating
how I (Ecorr) and A (Icorr) values have changed. As A (Icorr)
values got higher, I (Ecorr) value has also increased in
parallel to them. It may be said that the change occurring is
parabolic, that A is denser between 5 and 13, and that it is
inversely proportional to deformation rate.
The most distinguishing feature between Fig. 1 and
Fig. 2 is as follows: in Fig. 1 we could identify at which
time interval and at which current level began the
corrosion, whereas in Fig. 2 we have obtained Ecorr and Icorr
values from Tafel curves. This is the most apparent
difference in those two graphs that are similar to and
correlated with each other.
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Fig. 4. Change in friction coefficient,  – Coulomb friction
coefficients, and wear lost value, according to different
deformation rates

3.3. Wear

3.4. Hardness and XRD test results

In the graphics plotted as a result of abrasion wear test
applied on AA5454-O alloy which was severely deformed
by rolling process, change in friction coefficient
(Coulomb kinetic friction coefficients) and values of
abrasion wear rate have been demonstrated. The change in
friction coefficient on the basis of deformation rate is given
in Fig. 4. As data involving friction coefficient is quite

The change occurring between roll pass and process
history of aluminium 5454-O alloy is given in XRD figure
cited [20]. Relative amount of FeAl3 has decreased,
relative amount of Mg2Sn has increased, and relative
amount of AlFeSi has shown no change up to 40 %
deformation rate [20]. This situation indicates that, after
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of the alloy’s grains thereby leading to manifestation of
different mechanical properties within the alloy by
individual elements of such alloy. Increase of surface
hardness has changed friction coefficient of Al 5454-O
alloy and has also given rise to an enhanced corrosion
resistance. Hardness values of aluminium alloy that
underwent deformation have increased as well,
representing a change at the rate of 0.2 %.
In this study whereby abrasion wear and corrosion
resistances of aluminium 5454-O alloy were investigated,
corrosion value of severely deformed Al alloy has declined
as the deformation rate got higher. This situation has
manifested the presence of an inversely proportional
relationship. On the other hand, abrasion wear resistance of
the Al alloy that was severely deformed by rolling process
has also changed depending on the variations in
deformation rate.

the rolling process, hard and soft phases have resulted in
reduced crystallite size [19]. As the diagram given in
literature [20] depicts, the increase in % deformation rate
has led to a decline in the peak value of Mg2Sn [19].
Presence of the second phase arising at this point is of
significance in terms of hardness of Al 5454-O. Based on
these explanations, it may be said that corrosion has
affected peak values of Mg2Sn and AlFeSi at a
considerable extent, and that a higher abrasion wear has
occurred in those phases. As for hardness values, the
hardness degree measured on the rolled surface is 78.2 HB
on the average, representing a 10 % increase as compared
to its untreated or unprocessed condition [20]. It has been
observed that, since hardness degree of the material’s
surface gets higher as the rolling rate increases, abrasion
wear value resulted in increased wear resistance of
severely rolled Al alloy (Fig. 5).
95
90

Hardness, HB

5. CONCLUSIONS
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Linear Hardness, HB

The beginning time of corrosion has been determined
by the help of the change in current density and the
necessary preliminary data required to prevent
electrochemical corrosion of Al5454-O has been recorded.
Corrosion resistance of A15454-O has been identified by
means of potentiodynamic polarization analysis and it has
been observed that corrosion resistance increased by severe
deformation. Ecorr values of corrosion current have been
determined. On the other hand, friction value (Coulomb
friction coefficients) of Al5454-O has decreased by severe
deformation. Likewise, abrasion wear rate has got lower by
severe deformation due to the effect of friction. On the
other hand, hardness values have significantly risen by
severe deformation. XRD analyses have been used to
observe the changes in FeA13, Mg2Sn and AlFeSi which
are the main components or constituents of Al5454-O. In
addition, preliminary data has been established for future
TEM and SEM analyses.

85
80
75
70
65
60
10

20

30

40

50

60

70

80

Deformation rate, %

Fig. 5. The hardness changes with deformation rate, %, along
contact rolling surfaces

4. DISCUSSION
In this study, severely deformed Al5454-O alloy has
been subjected to corrosion, abrasion wear, hardness, and
XRD analyses. Potentiodynamic analysis has shown that
corrosion resistance is directly related to the intensity of
current applied. Especially in respect of corrosion
resistance, (voltage) current intensity must be
approximately 180 I/mA so that pitting corrosion may
begin and continue. Potentiodynamic analyses have
indicated that the corrosion resistance of severely
deformed Al alloy increased [1 – 3]. Ecorr and Acorr values
have got higher in parallel to the increase in deformation
rate and corrosion resistance has been provided by means
of severe plastic deformation [15 – 19]. As the deformation
rate increased, corrosion resistance has shown a reverse
development. Likewise, abrasion wear resistance of
AA5454-O alloy has shown a change inversely
proportional to deformation rate. Friction coefficient has
exhibited a 10 % change resulting from the variation in
deformation rate, representing a decline at severe
deformation rates (70 – 80 %) [20]. Apart from the change
in corrosion resistance, abrasion wear tests have changed
hardness values registered on the rolled surface of severely
deformed AA5454-O alloy, resulting in an increase in
hardness degree in parallel to the deformation rate [4 – 20].
The rise in deformation rate has caused severe deformation
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