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Abstract— Effect due to ageing time and stress on the corrosion 

behavior of Aluminum-Coper alloy AA 2024-T6 is studied. The 

alloy specimens were aged for 6 hrs, 9 hrs and 12 hrs ageing time 

and then subjected to corrosion testing in saturated Sodium 

Chloride (NaCl) solution. Constant Stress of 0.25Ꮄy (yield 

strength) using four point bend apparatus is applied on a 9 hrs 

aged sample and this setup is immersed in the saturated NaCl 

solution to study the effect of stress. Polarization curves of the 

aged specimens having same exposed area showed that the 

specimens corroded majorly by pitting mechanism which is 

supported from SEM micrographs. The sample aged for 9 hrs 

had the least corrosion resistance but the samples aged for 6 hrs 

and 12 hrs had 11% and 28% increase in the corrosion resistance. 

However, the sample aged for 9 hrs had the highest hardness, 

making it a good candidate out of the three for structural 

applications where corrosion resistance is also important. 

Polarization curves of non-stressed and stressed specimens having 

same exposed area showed a 70% increase in the corrosion rate of 

the latter, calculated from the marked area of the polarization 

curves along with a decrease in the passive region. The former 

corroded by pitting mechanism while the latter corroded by film-

dissolution mechanism which is inferred from SEM micrographs. 

 
Index Terms— Aerospace materials, Corrosion, Electrode 

Kinetic Measurements, Stress Corrosion Cracking 

I. INTRODUCTION 

luminum and its alloys are extensively used in the field of 

Aerospace due to their high specific strength. The 

significance of these heat treatable alloys can be analyzed from 

the fact that their strength can be increased up to 17 times than 

their original strength values using ageing treatment at an 

affordable cost [1-3]. However the major setback of these 

treatments is the reduction in the corrosion resistance with the 

sequential increase in strength [4]. More detrimental effects of 

corrosion are observed when these alloys are used in stress 

based applications, termed as stress corrosion cracking [5]. 

For the purpose of evaluation of these phenomenon, which 

are localized in nature, Electrode Kinetic Measurements 

(EKM) can be performed to investigate and understand their 
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corrosion behavior [6, 7].Precipitation hardening or age 

hardening is a heat treatment process for strengthening heat 

treatable alloys by precipitate growth. By over aging the 

samples, which will coarsen the precipitates, present in the 

matrix, we can improve corrosion behavior. This could be 

attributed to the less number of micro-galvanic cells formed 

between the matrix and the precipitates. However, the strength 

of the alloy is reduced due to coarser structure [1].  

In this study, the corrosion behavior for AA 2024-T6 

artificially aged for 6 hrs, 9 hrs and 12 hrs and the effect of 

applied tensile stress for artificially aged for 9 hrs specimens 

in saturated NaCl solution is studied using GAMRY 

potentiostat and corrosion resistance of both stressed and non-

stressed specimens is calculated from potentiodynamic 

polarization curves.  

II. EXPERIMENTAL PROCEDURE 

In order to study the effect of ageing time on corrosion 

behavior of AA2024-T6 in saturated NaCl Solution, cube (10 

mm x 10 mm x 2 mm) specimens of AA2024-T6, artificially 

aged at 190°C for 6 hrs, 9 hrs and 12hrs after solution 

treatment at 495°C  and to study the effect of stress on 

corrosion behavior of AA2024-T6 in saturated NaCl Solution, 

Sheet (130 mm x 30 mm x 2 mm) specimens of AA2024-T6, 

artificially aged at 190°C for 9 hrs after solution treatment at 

495°C, were provided by Institute of Space Technology (IST), 

Islamabad, Pakistan. Fig. 1 to Fig. 3 exhibits the Temperature 

Time Transformation (TTT) diagram, ageing time versus 

hardness and the stress-strain curve of the alloy used in the 

study from available literature for design and comparison [8-

10]. The chemical composition done by SEM-Energy 

Dispersive X-ray Spectroscopy (EDS), temper designation and 

hardness (Vickers hardness tester at 10 kgf) are shown in 

Table I. The alloy was tested in saturated NaCl at room 

temperature (25°C). 

Specimen preparation was done before starting the test in 

accordance with American Society for Testing and Materials 

(ASTM) standards G-39, G-5 and relevant literature[11-

14].The samples were subjected to mechanical grinding using 

Silicon Carbide (SiC) emery paper ranging from 350 grit to 

2000 grit size, followed by Alumina paste(1μm particle size) 

polishing. The specimens were washed on intervals with 

distilled water during the grinding and polishing operation and 
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also after the preparation was completed. An exposed area of 

2.5cm2 was maintained in the cube (non-stressed) and sheet 

(stressed) specimen after insulation and stress application 

respectively. The non-stressed specimen was embedded with 

epoxy resin except the exposed area as shown in Fig. 4.Four 

point bend apparatus [11] was connected with the Potentiostat 

for electrode kinetic measurements to study the corrosion 

behavior of sheet specimen under applied stress. The sheet 

specimen was electrically connected with potentiostat by 

soldering the single strand copper wire to the specimen 

surface, covering and insulating the entire specimen with 

epoxy except the central, most stressed region of the specimen 

as shown in Fig. 4.The sheet specimen was mounted in the 

apparats and a tensile stress of 80 MPa (0.25Ꮄy) was applied 

[11]. 

Electrochemical measurements in terms of potentiodynamic 

polarization tests were conducted at room temperature (25°C), 

in stagnant saturated NaCl solution (pH 7.0 at 25°C) at a 

scanning rate of 1mV/s. A conventional three-electrode Pyrex 

cell comprising of saturated calomel electrode (SCE) as 

reference, was connected to the working solution using Luggin 

probe. Platinum network was used as auxiliary electrode [13, 

14]. The testing was performed using ©GAMRY Instruments, 

Inc. potentiostat and the output current was recorded using 

Gamry Framework module connected to a personal computer 

for in-situ potentiodynamic polarization curves. The anodic 

and cathodic polarization curves were analyzed using Gamry 

Echem Analyst, Version 6.10 module to determine corrosion 

rates in mils per year (mpy) as shown in Table II. 

Scanning Electron Microscopy (SEM) of the tested 

specimens was done using MIRA3 TESCAN SEM InBeam 

and Secondary Electron (SE) modes. SEM-Energy Dispersive 

X-ray Spectroscopy (EDS) was done for compositional 

analysis of the received alloy and corrosion product as shown 

in Table I and Table III respectively.  
TABLE I 

Chemical analysis and Hardness of Aluminum alloy used in this study 

Alloy AA 2024 2024 2024 
Si 0.16 0.16 0.16 
Fe 0.5 0.5 0.5 
Cu 4.56 4.56 4.56 
Mn 0.46 0.46 0.46 
Mg 1.33 1.33 1.33 
Cr 0.0004 0.0004 0.0004 
Zn 0.0013 0.0013 0.0013 
Ti 0.017 0.017 0.017 
Al Balance Balance Balance 

Temper 

Designations 

T-6 

(6hrs aged) 

T-6 

(9hrs aged) 

T-6 

(12hrs aged) 

Hardness 

(VHN) 

153 159 130 

 

 
Fig. 1. TTT diagram of AA2024[10] 

 

 
 Fig. 2. Ageing time versus Hardness relation with reference to artificial 

ageing temperature[9] 

 

 
Fig. 3. Stress-Strain behavior of AA2024[8] 



Influence of Ageing time and Stress on Corrosion behavior of AA2024-T6 in saturated NaCl Solution 

40 

 

 
Fig. 4. Sheet specimen (a) Soldered and insulated with  epoxy backside, (b) 

Front side exposing only the most stressed region, (c) mounted in Four point 

bend apparatus, (d) Four point bend apparatus mounted with specimen is 

connected with GAMRY Potentiostat for potentiodynamic test. 

 
Fig. 5. Polished specimens of AA 2024-T6 insulated with epoxy except test 

surface for Potentiodynamic test. 

 

III. RESULTS & DISCUSSION 

Fig. 6 shows the polarization curves for AA2024-T6 (6 

hrs,9 hrs and 12 hrs) specimens in saturated NaCl solution at 

room temperature (25°C).The corrosion rates, free corrosion 

potential (Ecorr) and pitting potential (Epit)is also shown in 

Table II. It can be seen that a reasonable level of passivation is 

observed by the increase in anodic polarization escalating 

upwards till the pitting potential for the three specimens, above 

which the current density sharply increases. This can be 

attributed to the high positive potential applied that ruptures 

the passive oxide film at random weak points and cannot 

repair itself due to which localized corrosion develops at these 

points[7, 15] as shown in Fig. 6. On ionic scale, it can be 

explained by the excess of chloride (Cl-) ions in the solution 

due to saturated NaCl. The excess chloride ions and the 

oxygen from air readily polarize the alloy to the pitting 

potential as discussed in literature [14, 15].Thus irrespective of 

the aging treatment, the specimens have corroded by pitting. 

The polarization curves of the specimens also show that the 

sample aged for 9 hrs exhibits a decrease in the corrosion 

potential and an increase in the current density as compared to 

the sample aged for 6 hrs along with an increase in the 

corrosion rate by 11% as shown in Table II. This can be 

attributed to the formation of precipitates at 9 hrs ageing time, 

which results in formation of excess micro galvanic cells that 

provide more corrosion sites and hence increase the corrosion 

rates [1, 16]. The sample aged for 12 hrs exhibits an increase 

in the corrosion potential and a decrease in the current density 

as compared to the sample aged for 6 hrs along with a decrease 

in the corrosion rate by 19% as shown in Table II. This can be 

attributed to the precipitate coarsening effect at 12 hrs ageing 

time, which causes the reduction in number of micro galvanic 

cells that reduces the number of corrosion sites and hence 

decreases the corrosion rate [1, 16].Fig. 7, Fig. 8 and Fig. 9, 

shows the SEM micrographs of the specimens exhibiting 

pitting at different resolutions[14].It can be inferred that the 

SEM micrographs clearly supplement the polarization curves 

and literature indicated by the pits and mechanism 

discussed[8,10,11,13]. 

Fig. 10 shows the polarization curves for AA2024-T6 (9 

hrs) specimens in saturated NaCl solution at room temperature 

(25°C).The corrosion rates, free corrosion potential (Ecorr) 

and pitting potential (Epit)is also shown in Table II. It can be 

seen that for the non-stressed sample a reasonable level of 

passivation is observed by the increase in anodic polarization 

escalating upwards till the pitting potential, above which the 

current density sharply increases. This can be attributed to the 

high positive potential applied that ruptures the passive oxide 

film at random weak points and cannot repair itself due to 

which localized corrosion develops at these points[15]as 

shown in Fig. 4. On ionic scale, it can be explained by the 

excess of chloride (Cl-) ions in the solution due to saturated 

NaCl. The excess chloride ions and the oxygen from air 

readily polarize the alloy to the pitting potential as discussed in 

literature [14, 15]. 

The polarization curve of the stressed specimen can be seen 

to have undergone prominent deviation from its counter-part. 

The corrosion potential has decreased and the current density 

has increased with the stress application which has increased 

the corrosion rate by 70% as shown in Table II[17].It can be 

seen that as compared to its counter-part, passivation and 

prominent pitting potential is not observed in the curve. This 

can be attributed to the combined effect of stress and excess 

chloride ions in the solution that leads to passive film 

breakdown by film dissolution at a localized region[17].This 

localize dissolution is coupled with a localized passive layer 

plastic deformation that prevents the reformation of  the 

passive film in that region and thus ensures further localized 

dissolution. Cracking then proceeds by repeated cycles of 

deformation and dissolution [17, 18] as shown in Fig .12. 

Fig. 11 and Fig. 12 show the SEM micrographs of the non-

stressed and stressed specimens respectively with the former 
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exhibiting pitting and the latter exhibiting film cracking and 

dissolution model [14, 15, 17, 18].Fig. 13 shows the area 

selected for compositional analysis of the corrosion product 

layer using EDS and the corresponding compositions are 

shown in Table III, which confirms that the product layer is the 

passive Aluminum oxide (Al2O3),indicated by the high 

percentage of Aluminum and oxygen[5, 6, 14, 15, 17, 18].  

 
TABLE II 

 Corrosion rates from polarization curves 

Ageing 

time 
6hrs 9hrs 12hrs 

9hrs 

(Stressed) 

βa 

(V/decade) 
1.53 1.47 1.59 0.453 

βc 

(V/decade) 
0.115 0.129 0.108 0.714 

Icorr  

(μA) 
0.213 2.24 0.032 159 

Ecorr 

(mVsce) 
-232 -964 703 -1332 

Epit 

(mVsce) 
380 -587 1311 N.A 

Corrosion 

rate (mpy) 
0.856 0.962 0.692 3.586 

 

 
Table III  

Chemical analysis of the corrosion product 

Element Atomic % 

O 74.52 

Na 0.13 

Al 22.04 

Si 0.16 

S 0.86 

Cl 1.49 

Ca 0.49 

Zn 0.31 

 

 
Fig. 6. Potentiodynamic polarization curves for Aluminum alloy (AA2024-

T6) aged for 6 hrs, 9 hrs and 12 hrs tested in saturated NaCl solution at 25°C 

(scan rate is 1 mV/s). 

 

 
Fig. 7. SEM micrograph of AA2024-T6 exhibiting pitting after 

potentiodynamic test in saturated NaCl solution at 50 um. 
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Fig. 8. SEM micrograph of AA2024-T6 exhibiting pitting after 

potentiodynamic test in saturated NaCl solution at 10 um.  

 

 
Fig. 9. SEM micrograph of AA2024-T6 exhibiting pitting after 

potentiodynamic test in saturated NaCl solution at 5 um. 

 
Fig. 10. Potentiodynamic polarization curves for Aluminum alloy (AA2024) 

in saturated NaCl solution at 25°C (scan rate is 1 mV/s). 

 

 
Fig. 11. SEM micrograph of AA2024-T6 exhibiting pitting after 

potentiodynamic test in saturated NaCl solution 
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Fig. 12. SEM micrograph of AA2024-T6 exhibiting Layer breakage and 

dissolution phenomena in saturated NaCl solution due to stress application. 

 

 
Fig. 13. SEM micrograph of AA2024-T6 exhibiting area selection for 

chemical analysis of corrosion product as highlighted by spectrum 1. 
 

IV. CONCLUSION 

    AA2024-T6 aged for 6 hrs, 9 hrs and 12 hrs 

corrodes by pitting mechanism in stagnant 

saturated NaCl solution at room temperature (25°C) 

with corrosion rates of 0.856, 0.962 and 0.692 mpy 

respectively. 

    AA2024-T6 aged for 9 hrs exhibited the highest 

hardness, making it a good candidate out of the 

three for structural applications where corrosion 

resistance is also important. 

   The maximum decrease in corrosion rate was 28% 

for the sample aged for 12 hrs in comparison with 

the maximum corrosion rate observed at 9 hrs 

ageing time. 

    AA2024-T6 (artificially aged for 9 hrs) corrodes 

by film-dissolution/rupture mechanism in stagnant 

saturated NaCl solution at room temperature (25°C) 

with an applied stress of 0.25Ꮄy and exhibits a 

corrosion rate of 3.586 mpy, which is 

approximately 70% increase in corrosion rate as 

compared to its counterpart. 

    The alloy having good corrosion resistance in a 

particular medium cannot be necessarily used for a 

Stress Corrosion Cracking (SCC) application in the 

same medium and a prior test of SCC is mandatory. 

    Potentiodynamic corrosion testing for both 

metallurgical and medical based applications can 

be done using the testing setup which can have 

promising prospects in Oil & gas, Biomedical and 

Quality departments in terms of field and 

accelerated testing. 
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