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Abstract 
In this study, the effects of cold-rolling and annealing on the structural, 

electrochemical, and mechanical properties of AA5083 in a simulated seawater 

environment are investigated. The results demonstrated that annealing temperature 

significantly affects the alloy's mechanical and corrosion properties. According to 

potentiodynamic results, the rate of corrosion decreased after annealing. Compared to 

the cold-rolled sample, the heat treatment doubles the electrochemical impedance, 

indicating that the corrosion resistance of AA5083 alloy is suitable at 50°C annealing. 

Approximately twice as much ductility was added to the materials as compared to the 

as-received materials. Additionally, the mechanical testing revealed the Portevin-Le 

Chatelier (PLC) Effect Type B band, which reflected the smaller grain size. 

 

Keywords: aluminum alloy; annealing; mechanical properties; corrosion 

behavior. 

1. Introduction  
Aluminum-magnesium alloys are widely used in naval shipbuilding, cryogenic 

vessels, automotive body structures, trains, and many other metal products due to their 

higher strength-to-weight ratio, improved corrosion resistance, and excellent mechanical 

properties [1-3]. Corrosion resistance of aluminum alloys is linked to the protective 

oxide film that forms on the alloy's surface under normal atmospheric conditions [4, 5].  

Aluminum-magnesium alloys (5xxx series) are non-heat treatable alloys [6] and 

contain Mg as the primary alloying element, which improves the mechanical and 

corrosion properties through work hardening and solid solution strengthening [7]. The 

electrode potential of β-phase (Mg2Al3) is lower than that of the aluminum matrix, 

which reduces corrosion resistances as it precipitates continuously along the grain 
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boundaries at 50-200 °C and appears to be corroded in corrosive environments due to 

anodic reactions [8-10]. To prevent intergranular precipitation, exfoliation, and stress 

corrosion cracking caused by the continuous accumulation of β-phase along the grain 

boundaries, the maximum solubility of Mg in aluminum at room temperature is 6 % by 

weight [11]. There is no grain boundary phase in the microstructure of AA5083, but 

there are intermetallic precipitates (Mg, Mn, Fe,Si) or (Mg, Si) in Al-Mg solid solution 

[12-14].  

These intermetallic precipitates create inhomogeneities on the surface of AA5083 

alloy, making it susceptible to localized corrosion in an environment containing sea 

water [15, 16]. When exposed to high temperatures in sea water (particularly Cl- ion), 

the resulting oxide film can degrade at specific points and form pits. Due to the presence 

of magnesium as an alloying element, the application of these alloys is limited at high 

temperatures. [17,18]. In the case of AA5083, the higher magnesium content restricts 

the working temperature of these alloys to below 65°C prior to cold working (cold 

rolling) and various "H" tempers [19]. After cold working at room temperature, the 

alloy ages and softens, but eventually reaches a stable state. Typically, this is 

accomplished by a thermal stabilization procedure as the final step in the production of 

H32 or H321 tempers. AA5083 can be annealed by heating to 345°C, maintaining a 

uniform temperature, and then cooling; the rate of cooling is insignificant.  Numerous 

studies have investigated the effect of annealing temperature on microstructure and 

mechanical properties [20-22]; additionally, the corrosion behavior of annealed Al-Mg 

alloys micro-alloyed with certain elements has been investigated by electrochemical 

method in a 3.5% NaCl solution [23]. Different authors have investigated the impact of 

annealing temperature on the susceptibility to stress corrosion cracking [24, 25].  

Due to the ever-increasing number of marine-applicable structures, it is crucial to 

examine the behavior of these materials (5xxx series). In marine water, these materials 

are subject to the combined effects of stress and corrosion. Therefore, sheets of AA-

5083 that had been subjected to a standard treatment cycle (H32) were utilized, and the 

annealing conditions for these sheets were optimized to produce the best results in the 

simulated maritime environment. The current study investigates the effect of cold 

rolling and annealing on the electrochemical behavior of AA5083 alloy in simulated 

seawater using potentiodynamic polarization and electrochemical impedance 

spectroscopy, as well as the effects of stress corrosion cracking, which must be taken 

into account for the cumulative action of stresses and corrosion. Optical and scanning 

electron microscopy was used to examine the microstructure and fractographic features 

of annealed samples exposed to simulated seawater for electrochemical and stress 

corrosion cracking investigations. Consequently, the purpose of this research is to 

enhance the pre-processing conditions for Al-Mg alloys in order to improve the 

corrosion resistance and mechanical properties, thereby extending the service life of 

structures made from this alloy.  

2. Experimental procedure 
The AA5083 billets received were rolled and treated according to the condition 

H32, i.e., strain hardened, and then stabilized to a strain hardening of approximately 25 

% [26]. After achieving the required hardness for H32, different types of testing were 

conducted based on the marine applications of these alloys [27]. These tests include 

corrosion studies, mechanical characterization, and slow strain rate testing to evaluate 
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the stress corrosion crack behavior of the alloy in a marine environment. In order to 

examine the impact of the marine environment, samples were tested in a simulated 

marine environment.  

2.1 Materials and Metallography  

The chemical composition of the Al-Mg alloy used in this study, as determined 

by ICP-OES (iCAP 6500 series Thermoscientific) analysis, is presented in Table 1, and 

Fig. 1. depicts the XRD pattern of annealed samples obtained using Cu K radiation (= 

0.154 nm) with a step size and step time of 0.05 and 1.0, respectively, and a scan range 

of 70 angstroms. 

Table 1. Chemical Composition of AA5083 Alloy. 

Elements Mg Mn Cr Ti Fe Si Cu Zn Al 

Concentration 

(%) 

4.35 0.53 0.15 0.02 0.57 0.14 0.02 0.02 Balance 

2.2 Electrochemical corrosion testing 

The corrosion behavior of cold-rolled and annealed AA5083 alloy in seawater 

(3.5 % NaCl) solution was evaluated through DC polarization (Tafel analysis) using 

Gamry Reference 600 and standard graphite rod as counter electrodes and Ag/AgCl as 

the reference electrode. Before beginning the experiment, the samples were stabilized at 

their open circuit potential (OCP) for 30 minutes. At a scan rate of 1 mV/s, Tafel Plots 

were determined from -0.25 V to +0.25 V with respect to open-circuit potential. The 

corrosion potentials (Ecorr.), corrosion current densities (iCorr.), anodic Tafel slopes 

(a), and cathodic Tafel slopes (c) were extracted from the potentiodynamic polarization 

plots using Tafel extrapolation techniques.   

Mechanical Testing  

Before and after 50°C annealing, AA5083 sheets were characterized 

mechanically under different conditions, namely before and after annealing. The 

AA5083 undergoes tensile testing and micro-vicker hardness testing as part of its 

mechanical testing. Sub-sized samples with a 30-mm gauge length and a 6-mm gauge 

diameter underwent tensile testing. The examination was conducted in accordance with 

ASTM standard B557 at a strain rate of 0.003 s-1. Prior to annealing, the isometric 

behavior of H32 AA5083 was validated using samples prepared in both the rolling and 

transverse directions in order to compare the effect of direction on the mechanical 

properties of AA5083. After annealing, tensile tests were also conducted on H32-treated 

AA5083. The samples were annealed at a mean temperature of 500°C for 30 minutes, 

and their tensile test results were compared to those of samples without heat treatment.  

Vickers hardness testing was performed on H32-treated AA5083 using a machine 

of Model DMH-2 with a load of 25 gf and a dwell time of 15s to measure the surface 

hardness. The results of hardness tests performed on AA5083 before and after annealing 

were compared to determine the effect of heat treatment on the hardness of these alloys. 

Stress corrosion cracking (SCC) analysis was the final phase of material 

characterization for H32-treated AA5083. Before and after annealing, SCC tests were 
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conducted to determine the effect of heat treatment on the performance of these alloys 

in marine water conditions. The SCC tests were conducted using a strain rate on the 

order of 10-6/s in the presence of a simulated marine environment at an elevated 

temperature.   

3. Results & Discussion 

3.1 Microstructure Analysis: 

Optical microstructure of as-received, cold-rolled, and annealed sample is 

depicted in Figure 1. Figure 1. (a) depicts the as-received structure consisting of 

variously shaped grains with a nominal diameter of 193 µm and a homogeneous 

equiaxed grains microstructure. Figure 1. (b) depicts the cold-rolled state with elongated 

and fibrous grains in the rolling direction and parallel bands of elongated substructures 

measuring 0.5-.10 µm in length and 0.08-0.1 µm in width. Figure 1. (c) demonstrates 

that annealing treatment modifies the grain morphology; second-phase particles tend to 

precipitate along the grain boundaries appearing dark range up to about 2–3 µm in size 

in microstructure, which was also confirmed by the low-intensity peaks of XRD, with 

roughly equiaxed grains size ranges of 35 µm to 85 µm and relatively uniform grain 

size after annealing at 50°C.  

 

Fig. 1. Optical microscopy of AA5083 Alloy (a) as-received (b) cold rolled (c) annealed. 

3.2 XRD Results 

Figure 2. depicts the X-ray Diffraction patterns of as-received, cold-rolled, and 

annealed samples. Table 2. displays the calculated values of lattice parameter a, 

crystallite size D, and lattice strain calculated from broadening of X-ray diffraction 

peaks by taking into account the full width at half maximum (FWHM) of the individual 

peaks. The AA5083 alloy displays four strong and sharp 2 peaks centered at 38.4, 44.6, 

65.1, and 78.2°, which correspond to the (111), (200), (220), and (311) planes, 

indicating the absence of impurities. The peak Al (Fe, Mn) phase after annealing at 

angles 2theta 14° and 22° corresponds to (100) and (101). The weak peaks are identified 

as Al (Fe, Mn) phases based on crystallographic data reported in the scientific literature. 

Extremely weak peaks indicate that the observed peaks are typically associated with 

small volume fractions of these phases in the bulk material [30]. According to the 

scientific literature, the preferred orientation of the crystal may influence the peak 

height in a particular plane. It is possible that the effects of annealing on the material 

account for the lower peak intensity after heat treatment. According to reports, 

annealing reduces stress or increases crystallite size, both of which result in an increase 

in peak intensities or peak height [28, 30]. The crystallographic arrangement changes as 

grains rotate to achieve an easy plane, and the changes in peak intensity are related to 

(a) (b) (c) 
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the increase in crystallite size caused by annealing, atomic rearrangement, and stress 

relief [29-31].  

The X-ray patterns of as-received, cold-rolled, and heat-treated α-Al samples are 

indicative of the FCC crystal structure (JCPDS No. 89-4037).  The sample lattice 

parameters, as shown in Table 2, are in good agreement with the published values for 

the α-phase Aluminum FCC structure: a = 4.047 ± 0.01 nm [28,31]. The Scherrer 

equation [32] was utilized to determine crystallite size and lattice strain from the 

broadening of X-ray diffraction peaks, which can be represented as  

𝐷 (𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑡𝑒) =  
𝑘⅄

𝛽𝑐𝑜𝑠𝜃
                                        1 

and 

𝜀  (𝑠𝑡𝑟𝑎𝑖𝑛) =  
𝛽

4𝑡𝑎𝑛𝜃
                                                2 

where ⅄ is the wavelength of the X-rays used, β is full width half maximum 

(FWHM) of diffraction peak, θ is the Bragg angle, D is the average crystallite size 

measured in a direction perpendicular to the surface of the specimen, and k is a constant 

(k = 0.9). 

The calculated average crystallite size of the particles increased from 47.9 nm to 

74.34 nm during the annealing process, while the average lattice-strain decreased to its 

minimum value of 3.43 x 10-3. This behavior can be explained by the preferential grain 

direction resulting from the rolling direction and sheet production route. Due to the 

conditions of annealing, grain growth becomes random after annealing. This is due to 

the reduced stresses in annealed samples. The increase in crystalline size results in a 

substantial improvement in their corrosion resistance. Increasing the lattice parameter 

alters the mechanical properties of the material.   
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Fig. 2. XRD pattern of AA5083 alloy annealed at different temperatures. 
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Table 2. Calculated values of lattice parameter, crystallite size, Lattice Strain with 

Standard Deviation (SD) of AA5083 before and after Heat treatment at different 

temperatures. 

Annealing 

Temperatures 

Lattice Parameter 

a (nm) ± SD 

Crystallite Size 

D (nm) ± SD 

Lattice Strain 

(ε*10-3) ± SD 

As-received 0.432 ± 0.02 47.91 ± 2.20 2.54 ± 0.08 

Cold Rolled 0.435 ± 0.03 52.04 ± 2.10 3.65 ± 0.07 

Annealed 0.436 ± 0.02 74.34 ± 2.20 3.43 ± 0.04 

 

3.3 Potentiodynamic polarization test 

3.3.1 Potentiodynamics results 

Figure 3. depicts the potentiodynamic polarization curves of Cold-rolled (CR) 

and annealed alloy (AS) in a 3.5% solution of seawater. Table 3. provides a summary of 

the electrochemical parameters extracted from the potentiodynamic polarization curves. 

The results indicate that annealing followed by cold rolling in a 3.5% NaCl medium 

reduces the corrosion rate. For annealed samples, the corrosion potential shifts to the 

positive side, indicating that the anodic process is significantly more affected than the 

cathodic process. The greater electropositive corrosion potential (Ecorr) indicates that 

annealed samples are more resistant to corrosion. Tafel plots reveal that the annealed 

alloy has a higher electropositive corrosion potential value (0.90 V vs Ag/AgCl), 

whereas the value for the corrosion rate (CR) is approximately -0.96, indicating an 

increase in corrosion rate and a corresponding decrease in passivity for CR. The 

corrosion current density (icorr) of the annealed alloy is lower (0.554 μA·cm−2) than 

that of the cold rolled specimen (1.530 μA·cm−2). Consequently, the corrosion current 

density of the annealed sample is approximately 100 times less than that of the cold-

rolled alloy, and it has a higher corrosion resistance. This minimal shift in the corrosion 

potential (relative to SCE) suggests that the protective layer (aluminum oxide) acted by 

merely blocking the surface's reaction sites without affecting the anodic and cathodic 

reaction mechanisms. The corrosion resistance follows the same trend observed in 

electrochemical impedance studies, according to the findings of polarization studies. 

This corrosion rate was derived directly from Gamry Echem Analyst utilizing the in-

built Tafel fitting.  
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Fig. 3. Tafel curves (a) cold rolled (b) 50 °C annealed.  

Table 3. Corrosion Rate of AA5083 alloy at Different Temperatures. 

Samples Beta A 

(V/decade) 

Beta C 

(V/decade) 

Icorr  

(nA) 

Ecorr  

(mV) 

Corrosion 

Rate (mpy) 

Cold Rolled 308.5e-3 

193.2e-3 1.530 µA 

-958.0 397.0e-3 

Annealed 288.4e-3 285.8e-3 554.0 -913.0 144.1e-3 

 
3.3.2 Electrochemical Impedance Spectroscopy 

Figure 4. depicts the EIS spectra in the form of a Nyquist curve for the cold 

rolled (CR) and annealed (AS) Al-based alloy in a 3.5% NaCl solution. The 

experimental findings are consistent with the electrical equivalent circuit model 

depicted in Figure 5. The Nyquist plot for CR and AS samples at RT demonstrates 

identical behavior; however, the capacitive semicircle for CR samples is larger than that 

of AS samples.   

For both samples, the circuit shown in Fig. 4. is used to describe the 

substrate/solution interface model usually known as the Randle’s model. The 

parameters calculated from these models have been given in Table 4. In this circuit, Ru 

is the solution resistance, Rp is charge transfer resistance, CPE is constant phase 

element. The impedance behavior of CPE can be stated as  

𝑍𝐶𝑃𝐸 = (𝑌𝑜 𝑅𝑝
1−𝑎)1/a                                                                    3 

where, Yo is the CPE constant (in Ω−1·sn·cm-2) and a is the phase shift, which 

can be used as a gauge of the inhomogeneity or roughness of the surface. 

At high frequencies, the electrochemical impedance results indicate the presence 

of a capacitive loop (HF).  Polarization resistance is a measure of a metal's resistance to 
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corrosion in a particular environment; it decreases as temperature rises. In Nyquist 

curves, the diameter of the semicircle represents charge transfer resistance Rct equal to 

polarization resistance Rp. In addition, the diameter of the semicircle in the Nyquist 

curves is larger for AS samples, indicating a greater polarization resistance. The 

polarization resistance increases from 30.25e3 Ω to 43.29e3Ω and the capacitance 

parameter Yo increased from 18.64e-6 to 24.07e-6 S.sn, when the cold rolled sample is 

annealed. This shows that the electron transfer for the metallic materials is slower by 

annealing; also illustrating that higher polarization resistance Rp mean better corrosion 

resistance and a lower corrosion rate.  

The parameter a is a measure of the deviation from ideal capacitive behavior and 

represents the dispersion power of CPE which is between 0 and 1. When a = 1, the CPE 

behaves as an ideal capacitor, and a < 1, due to inhomogeneities in the substrate system, 

such as porosity, roughness or non-uniform current distribution [33].  

 

Fig. 4. Nyquist & bode plots of cold rolled and annealed alloy in the 3.5% NaCl 

solution along with fit data based on the models shown in Fig. 5. 

 

Fig. 5. The equivalent circuit models for EIS data fitting. 

Table 4. Fitting Results of Electrical Elements for Cold Rolled Alloy and 50°C 

Annealed. 

Samples Ru (Ω) Yo (S.sn) a Rp (Ω) 

Cold Rolled 1.061 
18.64e-6 8.812e-1 

30.25e3 

Annealed 2.173 24.07e-6 8.899e-1 43.29e3 
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In the Bode plot displayed in Fig. 4, log Z and θ are plotted against log f. Since 

frequency appears as one of the axes in the Bode plot, it is simple to deduce from the 

plot that impedance is dependent on frequency. The log |Z| versus log curve can be 

utilized to calculate Rp and Ru. At extremely high and low frequencies, the frequency 

dependence of |Z| disappears. At the highest frequencies, the electrolytic resistance 

controls the impedance, and log (Ru) can be determined from the horizontal level at the 

highest frequency. Alternatively, polarization resistance contributes at the lowest 

frequencies, and log (Rp + Ru) can be read from the low frequency horizontal portion. 

Fig. 4. (b) shows circuit behavior representative of a capacitor at frequencies above 1.0 

Hz and of a resistor at frequencies below 10K Hz. The plot of impedance (triangle) 

versus frequency has a breakpoint, which corresponds to the characteristic frequency 

w= 1/RsCdl or characteristic time constant T= 1/w = 0.05s of the system. The Bode 

phase plot (square) shows that the phase angle changes from 40° at high frequency to -

80° at low frequency. Fig. 4. (b) indicates that the annealing the sample causes an 

increase of the maximum degree of the phase angle, which confirms the data recorded 

in Fig. 3.  

3.4 Mechanical Testing 

The HV0.025 hardness values calculated for annealed and rolled samples are 

given in Table 5. The hardness is decreased after annealing which can be attributed to 

the changes in crystallite size during annealing process [34].  

Fig. 6. depicts a comparison of all the results obtained from tensile testing of 

these samples. The results for rolled samples in rolling and transverse directions 

indicated that the values of stress and strain were roughly equivalent, indicating 

isotropic mechanical property behavior. The difference between the samples' rolling and 

transverse strengths can be attributed to the material's microstructure. In the rolling 

direction, sample strength is greater than in the transverse direction [35, 36]. In addition, 

the tensile strength of the rolled sample is greater than that of the annealed sample due 

to the development of fiber texture along the direction of rolling during cold rolling, 

which results in an inevitable reduction in ductility. Low ductility of rolled samples is 

primarily due to residual stress, which is removed during the annealing process, thereby 

improving ductility at the expense of a relatively lower strength for annealed samples. 

This behavior can be explained by the presence of residual stresses that would be 

eliminated by annealing [37]. The improved ductility of the samples after annealing can 

also be attributed to the increased crystallite size. This modification of crystallite size 

decreases the density of crystal defects and, as a result, the amount of energy required 

for the movement of dislocations, resulting in an increase in elongation and, depending 

on the heat treatment temperature, a decrease in strength [35, 36]. The grain size d has a 

significant impact on the mechanical properties of alloys, as described by the Hall-Petch 

equation: [37]  

𝜎 = 𝜎𝑜 + 
𝑘

√𝑑
                                       4 

After the elastic region has been traversed, it is evident from Fig. 6 that the stress 

values fluctuate for all samples. This behavior is attributable to the phenomenon of 

serrated flow, also known as the "Portevin-Le Chatelier" (PLC) effect [38]. In order for 

this effect to be visible in a metal's stress-strain diagram, grain size is the most 
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important factor. The PLC effect will be greater the finer the grain size. According to 

the results of optical microscopy, the crystallite size of H32-treated AA5083 was 

smaller than that of untreated AA5083, which may be a major reason for the dominant 

PLC effect observed for all cases studied in this research, as well as the lower ductility 

of rolled samples. Taking into account the amplitude of the fluctuations, the PLC effect 

observed in the stress-strain diagram is of type B band [39]. In addition to grain size, it 

has been observed that the PLC effect is more pronounced in aluminum alloys due to 

the presence of alloying elements.    

Based on their use in marine structures, these alloys would be subject to the 

combined action of stresses and medium. Stress corrosion cracking (SCC) analysis is 

therefore the second and most essential component of mechanical characterization 

studies. From the Tafel plot and EIS diagrams (as mentioned in the corrosion section), it 

was determined that annealing at 50°C provides the greatest resistance to corrosion 

attack. Consequently, samples were annealed at 500°C, and SCC analysis was 

performed on both annealed and rolled samples at 50°C, and the results were compared. 

Based on the marine application of these alloys, chloride solution was used to test the 

samples. In addition, to obtain a clearer picture of the corrosion phenomenon, testing 

was conducted at elevated temperatures to increase the likelihood of medium attack 

[38]. In addition, the strain rate was kept very low to increase the likelihood of 

corrosion attack by the medium.  

SCC analysis was carried out using simulated marine environment. The type of 

SCC test selected for this case is slow strain rate testing (SSRT) with strain rate 7.66e-7 

s-1 and the temperature was maintained at 50oC. Samples were tested to break point and 

UTS and % elongation of the samples were computed for both samples to compare their 

performance in the given conditions. 

Figure 7. depicts the stress strain graph obtained from the SCC test for both 

annealed and unannealed rolled samples. The stress strain plots revealed the maximum 

value of stress and elongation in samples prior to specimen fracture in a marine 

environment. In contrast to the results of tensile testing, where the difference in strength 

was much more pronounced, the difference in strength is diminished in SCC tests. This 

is a clear indication that the SCC attack on the unannealed rolled samples was 

significantly more severe than on the annealed samples. This can be attributed to the 

presence of higher residual stresses in rolled samples, which increases their 

susceptibility to corrosion attack and decreases their strength in SCC tests [40]. 

Residual stresses of a compressive nature have a positive effect on corrosion resistance, 

whereas tensile residual stresses have a negative effect on the corrosion behavior of 

materials [40]. In the case of the rolled sample, the plate was produced by cold rolling, 

which leads to the accumulation of tensile residual stresses that have a negative effect 

on the corrosion behavior, as evidenced by the SCC test performed on these samples. 

Numerous studies have demonstrated that alloys with lower strength and greater 

elongation are more resistant to SCC [41].  

Thus, it is clear from mechanical testing performed on the annealed and rolled 

samples that hardness as well as mechanical strength of the material is decreased a bit 

with heat treatment of the samples but the improvement in terms of ductility is far more 

prominent and can be useful depending upon the application. Moreover, in terms of 

corrosion resistance imparted to the samples after annealing is far more prominent 

which in turn results in a greater improvement for applications of these alloys involving 
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cumulative action of stress and corrosion. Therefore, it can be concluded that the 

resistance of material to stress corrosion cracking attack is greatly increased as a result 

of annealing. 

Table 5. Vickers Hardness Value. 

Temperature Mean Hardness Values ± SD 

Cold Rolled  87.5 ± 0.66 

Annealed 50◦C 81.0 ± 0.74 
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Fig. 6. Tensile testing of cold rolled & 50◦C annealed sample. 
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Fig. 7. SCC of cold rolled & 50°C annealed. 
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3.4 Characterization after Corrosion Studies & Mechanical Testing (SEM Analysis) 

Figure 8. depicts the corrosion surface morphologies and EDS of the specimens 

after potentiodynamic polarization studies. The SEM image reveals the presence of a 

network of tunnels/channels on the surface of the alloy, a phenomenon known as 

filiform corrosion. Micrographs depict crystallographic pitting corrosion in the absence 

of second phase particles, demonstrating that the morphological characteristics of the 

corrosion attack in this alloy do not depend on corrosion induced by second phase 

particles, but instead rely solely on grain-specific details [42]. After the onset of 

corrosion, the corrosion pathway in alloy grains takes the shape of channels along a 

particular crystallographic plane (200).  According to reports, crystallographic pitting is 

initiated by the breakdown of the oxide film on the surface of the alloy [43], and its 

propagation is related to the arrangement and orientation of the grains [44]. In NaCl 

solution, the strong oxidizing ions responsible for pitting are oxygen and chloride ions. 

The EDX of these channels reveals an oxygen and carbon content of approximately 65 

percent, indicating the formation of oxide and carbide [45]. The EDX analysis reveals 

the formation of Al (Mg, Mn, Fe, Si) particles.  

Fig. 8. SEM image after electrochemical testing. 

Before and after annealing, scanning electron microscopy (SEM) was performed 

on the tensile-tested samples. Figure 9. (a) and Figure 9. (b) depict SEM images of an 

annealed sample and a rolled sample, respectively. The presence of dimples is more 

pronounced in annealed samples, whereas rock candy morphology with dimples can be 

observed in rolled samples, indicating that rolled AA5083 has lower ductility. Although 

there is a combination of ductile and brittle signatures on the fractography of both 

samples, which can be linked to smaller crystallite size, the ductility is more prominent 

in the annealed sample than in the rolled sample, as shown by the SEM figures.  

Fig. 10. (a) and Fig.10. (b) shows the SEM for rolled and annealed sample after 

SCC tests were performed using the conditions mentioned. From SEM images, it is 

clear that the stress strain diagram is depecting the correct behavior in terms of ductility. 

The signs of brittleness are more dominant in rolled sample as can be seen from 

fractured sample’s fractographs. Energy Dispersive X-Ray Spectroscopy (EDX) was 

also done for elemental analysis of surfaces of both samples to see whether the failure 

was solely due to tensile limit or because of the attack of medium (elements in EDX 

indicate this). Fig. 11. (a) and Fig. 11. (b) shows the EDX obtained for rolled and 

annelaed samples respectively. The elemental analysis clearly reveal the effect of 



Q. Tayyaba et al. - Influence of annealing temperature on mechanical and corrosion … 331 

 
medium in the form of presence of sodium, chlorine and other salts. Therefore, it is 

clear that the environmental solution did have an effect on the performance of material 

in terms of its strength.  

Fig. 9. SEM microstructures of fractured samples after tensile testing of rolled & 50 °C 

annealed. 

One interesting thing observed in the SEM analysis for SCC annealed sample is 

shown in Fig. 12. As mentioned in the corrosion part these are the inter-metallics which 

precipitated out. The EDX analysis of the fractured sample shows the main 

intermetallics which are present in these alloys are iron rich or magnesium rich. As 

magnesium precipitates require temperature above 65 °C, therefore the intermetallics 

observed in this case is only iron rich. The formation of intermetallics can become a 

cause for increased corrosion and thus higher SCC and as a result, lower strength of 

materials. 

   

Fig. 10. SEM of rolled & 50°C annealed after SCC testing. 

(a) (b) 
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Fig. 11. EDX of rolled & 50°C annealed after SCC testing. 

 

Fig. 12. SEM analysis for SCC annealed sample. 

Conclusion  
The conclusions acquired are as follows: 

1. The heat treatment results in an increase in the size of the crystallites, followed by a

 reduction in the lattice parameter. 

2. Potentiodynamics results show that the corrosion rate decreases after annealing. 

The electrochemical impedance increases twice by heat treatment compared to the 

cold-rolled sample, indicating that the corrosion resistance of AA5083 alloy is 

suitable at 50°C annealing. This improvement in corrosion properties could be due 

to the removal of residual stresses by annealing, which were produced during cold 

rolling. 

3. Mechanical testing results show that annealing enhanced the ductility of the 

material. Moreover, considering the application of these alloys in marine 

environment, results of SCC showed that under combined action of stresses and 

corrosive environment (simulated water conditions), annealing at 50°C for 30 min 

have also improved the strength of this alloy in corrosive conditions due to finer 

crystallite size produced during annealing. 

(a) (b) 
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