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This study investigated the electrochemical corrosion performance of AA6061 and AA5086 alloys in local

seawater (LSW) at both low and high temperatures, reflective of conditions in the Iraqi environment. An

electrochemical technique was employed to assess the corrosion behavior of the alloys in locally polluted

seawater and a 3.5 wt% NaCl solution. The specimens were tested at various temperatures (5, 15, 25, 35,

45, and 55 oC) and compared to a 3.5 wt% NaCl solution at room temperature. Optical, microscopic, and

SEM tests were conducted on the corroded surfaces. The results revealed that the corrosion rate increased

with temperature, and there was a noticeable increase in the depth and distribution of pitting as tempera-

ture rose. Generally, the pitting potential (Ep) values for AA5085 were higher than those for AA6061

alloys. Although the corrosion current densities for AA5086 and AA6061 in the NaCl solution were sim-

ilar (0.26 and 0.2 mA/cm2, respectively), AA6061 exhibited a six-fold lower electrochemical corrosion

current density compared to AA5086 at 25 oC in locally polluted seawater (LSW).
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1. Introduction

Aluminum alloys are extensively used in aerospace,

automotive, and marine applications [1,2]. While the lack

of rainfall and the effect of seawater intrusion into the

Shatt al-Arab changed the chemical properties [3], The

Middle East has recorded the highest temperature in the

world many times in the last few years. Different types

of aluminum alloys are connected, riveted [4], welded

[5,6], and clenched by manufacturing processes. While

these alloys form a protective passive oxide film (Al2O3)

on their surfaces, they present good corrosion resistance in

many environments with a neutral pH, owing to the

insoluble oxide film in water [7]. However, the concentration

of specific sea pollutants and microorganisms can accelerate

or mitigate the corrosion of metals [8-10]. M. Teyaka [11]

investigated the corrosion behavior of three types of

aluminum welded alloys using shielded metal arc

welding, friction stir welding, and gas tungsten arc

welding. The results revealed that the samples of friction

stir welding showed better corrosion resistance than those

of the other welding processes. NR Ramesh et al. [12]

studied the erosion-corrosion response of AA5083 and

AA6061 welded joints for various combinations of pH

values due to the change of pH in seawater during the

monsoon and post-monsoon seasons.

Their results approved that the pH has the most predom-

inant parameter on the erosion-corrosion behavior of the

combination of the welded joint, up to 86.89%. On the

other side, the investigation of the corrosion behavior of

the aluminum alloys was carried out separately. An inves-

tigation was conducted to study the impact of heat treat-

ment parameters on the corrosion behavior of aluminum

alloys AA6061, AA6013, and AA5086 [13]. They noticed

that the corrosion resistance decreased for quenched

samples at 530 °C in comparison to artificial and natural-

aged samples. Temperature has a direct impact on the

corrosion rate and corrosion behavior of materials, as well

as the activity of corrosion inhibitors [14]. It was noticed

that the inhibition efficiency of chloramphenicol decreased

with the increase in temperature from 30 oC to 60 oC [15].

The study by Samar S. et al. showed that the rate of

corrosion for Ni-Cr alloy goes up noticeably as the

temperature rises (30 oC to 60 oC), but copper showed
†Corresponding author: Ali.M.Mustafa@uotechnology.edu.iq
1



MOHANAD MUZAHEM KHALAF, AL-EZZI SALIH, TAHA H. ABOOD AL-SAADI, AND A. M. MUSTAFA
clear corrosion resistance at most of the temperatures that

were looked at. Also, the N.O. Obi-Egbedi et al. [16]

investigation revealed that the xanthene’s inhibition effi-

ciency of mild steel corrosion rate was found to increase

with concentration increasing but decreased with tempera-

ture increasing to 60 oC. In addition, Chen Xin et al. [14]

found that the corrosion current and the cathodic reaction

rate of the 3003-aluminum alloy rose dramatically to their

maximum at 60 oC. Finally, the researchers [17-19] inves-

tigated the corrosive environments and inhibitory of

metals at low and high temperatures. However, the effect

of the local water pollution during the lack of rainfall and

oil production in the south of Iraq still needs deep inves-

tigation for the corrosion of aluminum and other metals

[20-22].

This study aims to determine whether the locally

polluted seawater and temperature are inhibiting or

accelerating the corrosion behavior of AA6061 and

AA5086 aluminum alloys. The selected the polluted

seawater from a location that has consistently recorded

the highest global temperatures in recent years. In

addition, according to previous research [23-26], the 5xxx

alloys can experience intergranular corrosion (IGC) if the

electrochemically active β’phase (Al3Mg2) precipitates

form at the grain boundaries. So, it is worth investigating

this alloy's behavior in LSW environments and comparing

the results to the corrosion in saline solution [27,28].

2. Materials and Experimental Methods

In this study, AA6061 and 5086 aluminum alloy plates

were used. Table 1 presents the elemental composition of

the aluminum alloys studied using spark analysis. The

aluminum samples were prepared with dimensions of

20 × 20 × 8 mm. Square-shaped aluminum alloy specimens,

exposed to a surface area of 0.785 cm2, served as the

electrodes for the polarization measurement. We ground

it using different grades of grinding papers (400, 800, and

1200 grit) and then polished it with diamond paste. Then,

samples were degreased with ethanol, rinsed with distilled

water, and finally dried to prepare for use in the brine

solutions. In this work, two types of environments were

used: local seawater (LSW) from the south of Iraq

(Basrah-end point of Shat Al-Arab), and a brine solution

containing 3.5 wt% NaCl. Table 1 illustrates the chemical

composition of local seawater. Table 2 illustrates the

elemental compositions of the studied alloys with total

dissolved solids (TDS) and electrical conductivity (Ec).

By using an electrochemical technique, the examination

was carried out in stagnant open-air conditions in a 500-

ml volume cell using a thermostat-controlled water bath,

and the experiments were conducted at different

temperatures (5, 15, 25, 35, 45, and 55 oC). A graphite

sheet was used (7 cm2 area) as a counter electrode in the

conventional three-electrode cell system, employing

silver-silver chloride (Ag/AgCl) as a reference electrode.

It is connected with an aluminium alloy sample as a

Table 1. Elemental composition of AA6061 and AA5086 alloys

Elements (wt%) Mg Si Fe Cu Cr Mn Ti Zn V Al

AA6061 1.3 0.7 0.52 0.28 0.21 0.15 0.08 0.05 0.04 96.94

AA5086 3.5 - 0.5 0.1 0.25 0.7 - - - 94.95

Table 2. Chemical composition of local seawater (LSW)

Local Sea 

Water

TDS

(mg/L)

Ec

(S/cm)

Na

(mg/L)

Cl

(mg/L)

Ca

(mg/L)

Mg

(mg/L)

SO4

(mg/L)

HCO3

(mg/L)

CO3

(mg/L)
pH

36838 0.709 14700 3840 8000 1940 757.5 70 40 8.5

Fig. 1. OCP of AA6061 and AA5086 alloys in 3.5% NaCl at
25 oC
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working electrode. The performe of the potentiodynamic

polarization experiment at a scan rate of 0.01 V/s. The

conducted this investigation using the DY2321 Potentiostat

station. Fig. 1 illustrates the open circuit potential (E
ocp

)

of the studied alloys in a brine solution (3.5 wt% NaCl)

at 30 min. The calculated the corrosion current density

(Icorr.) and corrosion potential (Ecorr.) using a Tafel-type fit

from the polarization curves.

3. Results and Discussion

3.1 Corrosion behavior at room temperature

Fig. 2 illustrates the corrosion behavior of AA5086 and

AA6061 alloys. They were tested in local seawater (LSW)

and 3.5 wt% NaCl at room temperature. The evaluation

showed that the alloys behaved similarly in saline

solutions. The results show the pitting potential (Ep.)

values of -0.813, -0.71 V, and -0.635, -0.485 V for

AA6061 and AA5086 alloys at 3.5 wt% NaCl solution

and LSW, respectively. It can be concluded that the sample

AA5086 possesses a better resistance to pitting corrosion

as compared with AA6061 in the studied environments.

3.2 Corrosion behavior at various temperatures

The polarization curves for AA6061 and AA5086

aluminum alloys in local seawater (LSW) at varying

temperatures provide valuable insights into the corrosion

behavior of these materials under different thermal

conditions. temperature is a critical factor influencing the

corrosion behavior of aluminum alloys. As the temperature

increases, the corrosion rate typically increases due to the

enhanced electrochemical activity and the accelerated

kinetics of corrosion reactions. Figs. 3a and b illustrate

the polarization curves for two aluminum alloys studied

(i.e., AA6061 Fig. 3a and AA5086 Fig. 3b) in local

seawater (LSW) at temperatures ranging from 5 to 55 oC.

Table 3 illustrates all the results (corrosion rate, Ecorr.,

Icorr., and Ep.) recorded from the electrochemical technique

for the studied alloys (i.e., AA5086 and AA6061). For

Fig. 2. The polarization curves for AA6061 and AA5086
alloys in 3.5 wt% NaCl and LSW at 25 oC

Fig. 3. The polarization curves of a) AA6061 and b) AA5086 alloys at various temperatures 5 to 55 oC in LSW
CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.1, 2025 3
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AA5086, the corrosion rate increases with the increase or

decrease in temperature in comparison to 25 oC, while for

AA6061, the corrosion rate increases with the increase in

temperature to 45 oC. On the other hand, the recorded Ep.

is slightly varying (-0.452 to -0.59 V) for AA5086 with

the variation of LSW temperature. While for AA6061,

Ep. is widely varying (-0.445 to 0.725 V) with the variation

of LSW temperature. 

The recorded result (Table 3) shows that, the Icorr. values

increase with temperatures rising from 5 to 45 oC. This

is due to the direct effect of temperature on the oxide

layer formed on the AA6061 alloy’s surface. While the

Icorr. value decrease at 55 oC, this is most probably due to

the passivity phenomena of this alloy at high temperature.

For AA5086 Al alloy, the variation in Icorr. values   were

noticed, depending on the alloy’s behavior when exposed

to different temperatures from (5 to 55 oC), with using the

same environment. This is due to the corrosion resistance

ability of this alloy by forming an oxide layer. In the 3.5

wt% NaCl solution at room temperature, the Ep for

AA6061 is less than AA5086, according to Fig. 4.

Finally, it can be concluded that the AA5086 is more

resistant than the AA6061in a selective environment.

From Fig. 4, the pitting potential value (Ep.) for AA5086

increases (less Increased temperatures (from 5, 15, 25,

35, and 45 oC) result in the formation of an oxide film,

which protects the alloy from the environment. While a

decrease in the Ep. (more negative direction) value at a

temperature of 55 oC due to the direct effect of high

temperature on the oxide film formation on the alloy

surface.

On the contrary, for AA6061, the Ep value decreases

(with more negative values) with increasing temperatures

from 5 to 55 oC, except at 45 oC. This is because the oxide

film of this alloy does not resist the solution's rising

temperatures. Also, it can be observed that at a temperature

of 45 oC, the alloy counteracts the aggressiveness of the

solution (i.e., the value increases).

Table 3. The corrosion rate, E
corr.

, I
corr.

 and E
p.
 For AA5086 and AA6061 at various temperatures from (5 to 55 oC) in LSW

Temp. 

(oC)

corrosion rate (mm/year) Ecorr.(V) Icorr. (µA/cm2) Ep. (V)

AA5086 AA6061 AA5086 AA6061 AA5086 AA6061 AA5086 AA6061

5 1.05E-02 1.60E-02 -1.257 -1.265 0.758 1.16 -0.59 -0.61

15 7.08E-02 2.28E-02 -1.335 -1.298 5.11 1.65 -0.575 -0.625

25 7.98E-03 4.93E-02 -1.279 -1.284 0.576 3.55 -0.485 -0.658

35 1.63E-02 1.88E-01 -1.235 -1.321 1.17 13.6 -0.452 -0.665

45 5.63E-02 1.86E-01 -1.228 -1.318 4.06 13.4 -0.456 -0.445

55 1.35E-01 3.26E-02 -1.265 -1.267 9.71 2.35 -0.51 -0.725

Fig. 4. The pitting potential (E
p.
) of AA6061 and AA5086 at various temperatures (5 to 55 oC) in LSW solution and 3.5 wt% of

NaCl solution at 25 oC.
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Fig. 5 illustrates the influence of various temperatures

and solutions on the corrosion potential of two studied

alloys. It can be seen that there is no direct effect of the

increasing temperature from 5 to 55 oC on the Ecorr. for

AA5086 and AA6061 at LSW solution (i.e., extremely

constant). While a decrease in the Ecorr. value for AA5086

and AA6061 in 3.5 wt% of NaCl solution at room

temperature as compared with LSW solution (i.e.,

aggressive solution). The corrosion behavior of Al alloys

(AA6061 and AA5086) is associated with chlorine

adsorption on the initiated passive film and film

breakdown [20]. However, the difference in corrosion

behaviors for the aluminum alloys in LSW and 3.5 wt%

NaCl was a hindrance to the investigation of the LSW

effect at different temperatures. 

Fig. 6 illustrates the corrosion rate (mm/year) for the

two studied alloys at different temperatures and solutions.

From results, low corrosion rate values for the two studied

alloys were recorded (i.e., a slight increase with increasing

Fig. 5. The corrosion potential (E
corr.

) of AA6061 and AA5086 at various temperatures from (5 to 55) oC in LSW solution and
3.5 wt% of NaCl solution at 25 oC

Fig. 6. The corrosion rate of AA6061 and AA5086 at various
temperatures from (5 to 55) oC in LSW solution and 3.5
wt% of NaCl solution at 25 oC

Fig. 7. Corrosion of alloys in 3.5%NaCl a) Intergranular corrosion (IGC) formation at the grain boundary of AA5086, b) deep
pitting on the surface of AA6061
CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.1, 2025 5
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temperatures from 5 to 55 oC). This is due to the tendency

of these alloys to create an oxide film on the surface

(passivity behavior) in the LSW solution. However, there

is a sharp increase in corrosion rate values for AA6061

Fig. 8. Microstructure images of AA6061 and AA5086 at various temperatures from 5 to 55 oC in LSW
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as compared with AA5086. This is due to the aggressive

solution of brine solution (3.5 wt% NaCl), which can

penetrate and break the oxide layer initiated on the alloy

surface, thus accelerating the corrosion of the alloy. On

the other side, the presence of Fe has a high percentage

as compared with the AA5086 alloy.

It is worth mentioning that the high percentage of Cr

in the AA5085 alloy (see Table 1) accelerates the formation

of intermetallic compounds (IMC), which affect the bulk

properties of the alloy.

This IMC results in high surface roughness. Fig. 7a

shows the intergranular corrosion (IGC) formation at the

grain boundary of AA5086 in 3.5% NaCl. This is due to

the large size of IMC (Al3Mg2), resulting in high surface

roughness, which may affect corrosion resistance [21]. While

Fig. 7b illustrates deep corrosion in different locations of

AA6061.

3.3 Microstructure Analysis

Fig. 8 presents the microstructure images of the studied

aluminum alloys at different temperatures from 5 to 55 oC

in LSW, which were examined by an optical microscope.

The surface of the investigated alloys displayed localized

corrosion (pitting) of varying sizes, which intensified as

the temperature increased, as indicated by the white arrows.

The surface pitting on aluminum alloys occurs when an

electrolyte is present, and it increases as the temperature

rises because of the aggressive ion concentration and

electrolyte stagnation [29]. Furthermore, according to

Joule’s law, as the temperature increases, the diffusion

rate increases and, in conjunction with the decreases of

electrolyte resistance, which accelerates the corrosion rate.

It was recorded that the corrosion rate increased

significantly with the increasing temperature [30].

3.4 SEM and EDS analysis

As you can see in Fig. 9, the AA5086 and AA6061

surfaces that were corroded in 3.5% NaCl and LSW

solutions are shown using scanning electron microscopy

(SEM). Figs. 9a and b illustrate the morphology of the

corrosion products on the alloy surface in 3.5% NaCl.

When comparing the surface of corrosion products

formed on alloys in LSW, Figs. 9c and d show a different

morphology due to the presence of many compounds

Fig. 9. SEM images for a) corroded surface of AA5086 in 3.5%NaCl, b) corroded surface of AA6061 in 3.5%NaCl, c) corroded
surface of AA5086 in LSW, d) corroded surface of AA6061 in LSW
CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.1, 2025 7
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other than NaCl, as listed in Table 2. Fig. 10 presents the

EDS of the two aluminum alloys under study. For

AA5086, the main components are Al, Mg, and Na, while

for AA6061, they are Al, Mg, Si, and Na. The decrease

in Al and Mg contents could potentially result in the

formation of various corrosion products on the surfaces.

The roughness of samples is caused by Insufficient time

at each polishing stage might leave deeper scratches from

coarser grits and the grit was the max of grit is 1200.

Also, corrosion residues on the surface may lead to surface

roughness.

4. Conclusion

The effect of temperatures on the corrosion behavior of

AA5086 and AA6061 aluminum alloys has been

conducted by using two types of surrounding media (i.e.,

local sea water and 3.5 wt% NaCl solution). The corrosion

rates (mm/y) increased with temperature. Moreover, the

size and distribution of localized pits showed an obvious

increment with the increase in temperature. Generally, the

pitting potential (Ep.) values for AA5086 were higher than

those for AA6061 alloys, and it can be concluded that the

AA5086 alloy has resistance to localized (pitting)

corrosion as compared with AA6061 due to the chemical

composition content (i.e., Cr and Mn content).
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