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A B S T R A C T  
 

 

In this study, a wide range of combined ageing treatments and cold work deformations in the Al 4.2 

wt% Ag alloy matrix were proposed, aiming to investigate the effect of defects such as precipitates 
(Ag2Al plates) and dislocations on the mechanical and electrochemical behavior of Al–4.2 wt% Ag 

alloys. Further reductions of thickness from 10 to 60%, decreases the mean size of Ag2Al plates, along 

with a denser distribution. The inductive loop at lower frequencies in Nyquist plot attributed to 
localized corrosion that clearly testified the fluctuations of the anodic branch in the Tafel diagram and 

the FE-SEM images for the presence of pitting corrosion. Additionally, the pit propagation grade 

expands repetitively with cold work reduction and fragmentation of pre-precipitates. This was related 
to an extreme amount of dislocations induced by deformation and fragmented pre-precipitates, which 

created more preferable locations for the nucleation of pits. Furthermore, Energy Dispersive X-ray 

Spectroscopy of pits, revealed that the presence of Al-Ag containing particles acted as cathodic sites 
and caused the anodic matrix dissolution. 

doi: 10.5829/ije.2018.31.12c.14 
 

 
1. INTRODUCTION1 
 

Al-Ag alloys are widely used in electrical devices such 

as electrical conductors and superconductors. This is 

due to considerable electrical conductivity they can 

generate at applied temperatures. Creating the 

opportunity to obtain a conductor with a higher current 

capacity. Due to high price of silver, the need for 

conducting more experiments on this alloy by the 

industries in order to avoid time-consuming and 

expensive trials and failures is of great importance [1]. 

The silver/metal oxide which forms on the surface of 

these alloys can easily increase the electrical resistance 

of the conductor; hence, the corrosion behavior of these 

alloys must be investigated in detail. Before using Al-

Ag alloys as electrical contacts such a wires or plates, 

the Al-Ag alloy is pre-deformed for improved 

mechanical strength [2]. Additionally, some aluminum 

alloys such as Al-Ag and Al-Cu are prone to age 
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hardening treatment, by this process intermetallic 

precipitates will appear in their microstructure. The 

most significant feature of precipitation hardening 

would be the increase of hardness. These precipitates 

can be considered as catalytic sites for corrosion and pit 

nucleation in the matrix. Previous investigations into the 

microstructure and different heat treatments of Al-Ag 

alloys have facilitated a wide understanding in the 

sequence and temperature of producing the precipitates 

[3-7]. The other preferred sites of microstructure for 

corrosion are dislocations, which are mainly created by 

mechanical work. Many past research on the effect of 

cold work on corrosion behavior of different alloys has 

been carried out [8-13]. The effect of cold work on 

pitting corrosion of 00Cr18Mn15Mo2N0.86 stainless 

showed that the localized corrosion of the specimen was 

generally unaltered with increases of cold deformation 

up to 50% [14]. An effort was made by Wan et al. [11] 

on corrosion behavior of pre-deformed 2219 Al alloy, in 

which a greater amount of pre-deformation caused an 

increase in dislocation density and more θ′ phases start 

the nucleation process which degraded the pitting 
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corrosion resistance. A research [15] revealed that the 

localized corrosion of 7xxx series aluminum alloys on 

account of the age hardening process and creation of 

precipitates led to the galvanic contact between 

Al7Cu2Fe and the matrix correspondingly altered, which 

affected the vulnerability to localized corrosion. This 

was contributed to the fainter galvanic series between 

Al3Fe particles and the matrix. The effect of 

intermetallic defects on the localized corrosion behavior 

of AA2099-T83 aluminum-lithium alloy has been 

investigated [1]. It was found that various amounts of 

copper in Al-Fe-Mn-Cu-(Li) resulted in pitting 

corrosion of the alloy. Additionally, the increase of 

lithium established more active sites than the low-

copper-containing particles. Electrochemical impedance 

spectroscopy measurements (EIS) including nyquist, 

bode and phase angle plots are used in corrosion 

measurements of aluminum and its alloys. The pre-

deformation effect on corrosion of 2024-T4 aluminum 

alloy was investigated by Chen et al. [16] and indicated 

that pre-deformation can change the micro-structure of a 

material, increasing the corrosion driving force, as well 

as anodic dissolution rate. Due to the potential 

difference between the treated zone and the matrix, the 

amount of Mg can greatly affect the electrochemical 

behavior of Al–Cu–Mg–Ag alloy [17]. In a project the 

effect of mechanical loading on the galvanic corrosion 

behavior of a magnesium-steel structural joint was 

investigated [18]. The applied forces were found to 

increase the localized corrosion around the galvanic 

joints. The experiment [19, 20] also evaluated the 

impact of water immersion parameters according to the 

temperature and pH on trivalent chromium conversion 

coatings and corrosion factors formed on AA2024-T351 

alloy. Some corrosion protection properties were 

investigated in different media and coatings. The 

inhomogeneity of the surface was a reason for potential 

difference which causes the localized corrosion. This 

clarifies that both micro-structure defects (precipitate as 

intermetallic particles and dislocation which are 

respectively created by age hardening and cold work) 

can play an important role on corrosion, specifically on 

pitting corrosion of aluminum alloys [8, 10, 21-23]. In 

regard to electrochemical corrosion, little is known 

about the unique electrochemical corrosion of Al-Ag 

alloy. Besides, Al-Ag is susceptible to pitting corrosion. 

Particularly when the alloy has second phase particles 

and dislocations in its micro-structure so that these 

particles are preferred sites for corroding [2]. Besides, 

there are not numerous researches on the 

characterization of corrosion behavior of Al-Ag [24, 

25]. For Al-Ag alloys, some microstructural researches 

have been done as discussed in the aforementioned 

references, but the corrosion behavior, specifically the 

effect of cold work on pitting corrosion has not been 

widely evaluated.  

Therefore, it should be interesting to determine how the 

interaction of cold working process and ageing 

treatment can affect the corrosion behavior of Al-Ag.in 

this paper,  initially, the microstructure was studied, 

then the corrosion behavior was determined by 

potentiodynamic polarization and electrochemical 

impedance spectroscopy (EIS) methods. 

 

 
2. MATERIALS AND METHODS 

 
2. 1. Material Preparation and 
Microstructural Investigations       An aluminum-

silver (Al– 4.2 wt% Ag) alloy was used in this research. 

The specimens, were cut into 15 mm × 15 mm × 3 mm 

plates, solution-treated at 540 °C for 2 hours in an air 

furnace, then quenched in water immediately. In order 

to make sure that all specimens were micro-structurally 

similar, solid solution heat treatment (SSHT) was 

carried out to dissolve probable pre-formed coarse 

precipitates in the matrix. The sheet was cut into four 

plates, three of these were aged at 200 °C and the forth 

at 270 °C for 8 hours. Subsequently, the aged specimens 

were prepared for the hardness measurements which 

were executed by MMT7-Buchler Micro-Vickers 

hardness tester. Vickers hardness of the aged specimens 

measured with a loading bar and time of 0.98 N and 

10s, respectively, at seven different positions for each 

specimen and eventually the mean hardness value was 

estimated from the values except for the maximum and 

minimum measures which were out of range.  
A rolling machine was used to perform the work 

hardening process by reducing the specimens’ thickness 

to obtain different desired reduction percentage. The 

200 °C aged specimens were cold rolled to a 10, 20 or 

60% reduction in thickness (denoted as 200-10%, 200-

20%, 200-60% respectively) and the 270 °C age 

specimen was cold rolled to 60% reduction in thickness 

(270-60% specimen was tested in order to verify and 

perceive the effect of higher temperature variations of 

this specimen in comparison to 200-60% specimen 

since both include the same amount of reduction but 

different ageing temperatures).  

Afterwards, the hardness of all cold rolled specimens 

were measured again. The specimens were ground with 

SiC abrasive papers to 3000 grit, polished with Al2O3 

paste to achieve a smooth surface. This was followed by 

surface cleaning.  

Subsequently, the micro-structures of all specimens 

was characterized by FE-SEM and the crystalline phase 

structure was determined by Bruker D8 Advance X-ray 

diffraction (XRD; Bruker Corporation, Karlsruhe, 

Germany). Dislocation density and crystallite size were 

evaluated using Williamson-Hall (WH) method, in 

accordance with the data obtained from XRD test.  
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2. 2. Electrochemical Investigations        To 

prepare working electrodes of the electrochemical tests, 

the specimens were sealed with an epoxy resin to 

expose an area of 1cm2. The corrosion tests were carried 

out with a three-electrode electrochemical cell setup in a 

3.5% NaCl solution at room temperature. The solution 

of 3.5% NaCl in double distilled was prepared by 

dissolving the appropriate mass of NaCl. A platinum 

(Pt) sheet was used as the counter electrode, a 

silver/silver chloride (Ag/AgCl) was served as the 

reference electrode. The stable open circuit potential 

period before both potentiodynamic polarization and 

EIS experiments were determined at 45 min. 

Potentiodynamic polarization measurements were 

performed by a scanning rate of 0.1 mV/s (by ASTM 

G59 / G5) with potential range from -1.3 to -0.3 V, then 

the OCP was recorded. Afterwards, EIS was performed 

with potential amplitude of 10 mV (rms) over the 

frequency range of 104 Hz to1 Hz. Finally, each 

specimen was cleaned with acetone, alcohol, then rinsed 

gently with deionized water, dried, and stored in a 

desiccator. In order to study the surface morphology and 

pitting mechanism, field emission scanning electron 

microscope and energy dispersive spectroscopy (SEM-

EDS) were used. 

 

 
3. RRESULTS AND DISCUSSIONS 
 
3. 1. Effect of Precipitates and Cold Work on 
Hardness Value of Al-4.2 wt% Ag          The main 

reason of any increase in hardness is the rigorous 

movement of dislocations. The dislocations may move 

through the lattice structure or may be cut by the other 

defects. As seen in Figure 1, the mean Vickers hardness 

values for aged specimens without deformation (200, 

270) are reported as 50 and 41 Hv, respectively. This 

reduction of hardness (throgh the increase of ageing 

temperature from 200 to 270 °C) might be due to 

coarsening of precipitates which reached to over-aged 

temperature. These coarse particles lessened efficient 

pinning and bounding interaction of defects (precipitates 

and some dislocations which are made during aging 

process) due to comfortable movements of dislocation. 

As a result, the mean micro hardness value of the aged 

270 °C specimen (without deformation) turned into 

lower values [26]. Figure 1 also indicates that the 

increase of cold work from 10 to 60% for the 200 °C 

specimen, increased the hardness value. In addition, the 

270-60% specimen has the highest hardness value due 

to its greater ageing temperature and the highest amount 

of cold work. This illustrates that cold work treatment 

has significant influence on hardness, due to the 

produced dislocations and fragmentation of precipitates. 

Therefore, the interaction between dislocations and 

precipitates leads to increase of hardness [27-29]. 

Considering the hardness values of the 270 °C specimen 

with and without deformation (66 and 46, respectively), 

it is evident that regardless of, the coarsening of Ag2Al 

precipitates during ageing process has reduced the 

hardness amount, but the 60% deformation on the same 

specimen (270 °C without deformation) has increased 

the hardness significantly, as if its value reached 

maximum. It is concluded that the interaction of over 

aged precipitates and dislocations in Al-Ag matrix can 

significantly increase the hardness. 
 

3. 2. FESEM Observations of Precipitates         
The discrepancy of atomic numbers of Al and Ag 

elements makes an appropriate high-contrast for FE-

SEM image and an ideal pattern model for 

microstructural investigations [30]. FE-SEM images of 

all deformed specimens are presented in Figure 2. 
 

 

 
Figure 1. Vickers micro-hardness of Al–4.2 wt% Ag alloy 

specimens after different cold working 

 
 

  

  

Figure 2. FE-SEM images of Al–4.2 wt% Ag alloy: a: 

200(10%), b: 200(20%), c: 200(60%) and d: 270(60%) 
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The uniform and homogeneous distribution of 

precipitation has formed in the Al matrix of all 

specimens. The needle like plates of Ag2Al precipitates 

is clearly observed in Al (α) matrix. Additionally, the 

FE-SEM images in Figure 2 visually illustrate that by 

increased amount of cold work, the precipitates are 

fragmented and shortened in length.  

 
3. 3. Phase Analysis, Islocation Density and 
Crystallite Size by Williamson-Hall (WH) Method     
The transformation of phase composition for various 

deformations and heat treatments are shown in 

diffraction patterns in Figure 3. 
Figure 3, indicates there are two diffraction peaks at 

the scattering angles of 36.00°, 41.13° for all specimen 

and can be assigned to the (100) and (101) planes of the 

Ag2Al crystal lattice, respectively [31]. X-ray 

diffraction (XRD) was used to measure the dislocation 

density and crystallite size (grain size).  

The obtained data were analyzed using the 

Williamson-Hall (WH) method. In this method, β, is the 

broadening of the hkl diffraction peak measured at half 

of its maximum intensity (in radians) which is related to 

the lattice strain, ε, by the Equation (1) [29]: 

(β  =  + ε  ) (1) 

where, θ, λ, and D are the diffraction angle, X-ray 

wavelength, and crystallite size, respectively. The β for 

each (hkl) peak is obtained by plotting the value of β 

 as a function of . The lattice deformation 

stress and crystallite size were, extracted from the slope 

and intersection of the y-axis. The dislocation density, 

ρ, was derived from the Equation (2), [29]. 

 
(2) 

where b is the magnitude of the Burgers vector. The 

calculated value of the dislocation density and 

crystallite size of all specimens are shown in Figure 4. 

It is important to relate the mechanical properties of 

the age-deformed specimens containing pre-existing 

precipitates   to   the    structural    parameters,   such   as  

 
 

 
Figure 3. X-ray diffraction pattern of the Al–4.2 wt% Ag 

specimens 

dislocation density, grain size of the matrix and the size 

of the precipitates. Figure 4. indicates that the 

dislocation density and crystallite size are in a reverse 

relationship as if with the increase of dislocation density 

the crystallite size decreases. Furthermore, the 

dislocation density increased with an increase of 

deformation; this result positively correlates with the 

preceding discussion on hardness measurement earlier 

[32]. One possible reason for the grain-refinement 

acceleration in 200(60%) and 270(60%) specimens 

could be their high dislocation density and influence of 

the pre-existing precipitates on dislocation motion 

during plastic deformation.  

 
3. 4. Potentiodynamic Polrization 
Measurements    Figure 5 illustrates the 

potentiodynamic polarization curves of the Al–4.2 wt% 

Ag alloys processed at different amount of deformation. 

The corrosion current density and corrosion 

potential for all specimens was determined with the 

Tafel extrapolation method. The anodic polarization 

curve is the most important feature related to the 

corrosion resistance behavior [33-37]. According to the 

mixed-potential  theory,  the corrosion  potential  (Ecorr)  
 

 

 
Figure 4. The calculated value of the dislocation density and 

crystallite size of different cold working 
 

 

 
Figure 5. Potentiodynamic polarization curves: a: 200(10%), 

b: 200(20%), c: 200(60%) and d: 270(60%) 
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as a thermodynamic parameter must be assessed by 

extrapolation of the both anodic and cathodic branches. 

Implying that any amount of increase in cathodic 

current density will result in a change in corrosion 

potential of the anodic branch. Although an increase of 

the anodic current density would cause a shift of the 

corrosion potential in the cathodic branch, due to the 

presence of a passive film on Al and its alloys, a more 

negative value of corrosion potential (Ecorr), is often 

related to more active pits that would lead to a higher 

corrosion tendency [38, 39]. 
Table 1 shows the values of the corrosion potential 

(Ecorr), current density (Icorr) and pitting potential 

(Epit). Table 1 demonstrates that the 200(10%) 

specimen has the least corrosion current density 

(5.24807 × 10-7 A/cm2) as well as the noblest corrosion 

and pitting potentials (-1.142, -0.7499 VAg/AgCl, 

respectively). The corrosion current density for 

200(20%) deformed specimen increased to 1.23026 × 

10-6 A/cm2 as well as corrosion and pitting potentials (-

1.151 and -0.751 VAg/AgCl, respectively) are close to 

the corrosion and pitting potentials parameters for the 

200(10%) specimen. A greater amount of cold work 

deformation indicates that the 200(60%) specimen 

including corrosion current density of 1.90546 × 10-6 

A/cm2 and the corrosion and pitting potentials of -1.175, 

-0.759 VAg/AgCl, respectively have more susceptible 

conditions for occurrence of corrosion. Finally the 

270(60%) specimen which has different ageing 

temperature but the same deformation percentage 

compared to 200(60%) specimen, is analyzed and it is 

indicated that the 270(60%) specimen has the most 

corrosion current density (5.01187 × 10-6 A/cm2), with 

the highest negative values for corrosion and pitting 

potentials (-1.234, -0.772 VAg/AgCl, respectively). 

Pitting corrosion is considered to be affected by the 

attendance of secondary phases and defects like 

precipitates, dislocations and constituents. It is 

important to note that the number, size and distribution 

of precipitates are influential in destructive behavior of 

pitting corrosion [40, 41]. On that account, it can be 

concluded  that  an  increase  of  cold  work  deformation 

 

 
TABLE 1. Corrosion parameters obtained from 

Potentiodynamic polarization test for Al–4.2 wt% Ag 

specimens (a) 200(10%), (b) 200(20%), (c) 200(60%), (d) 

270(60%)  

Level of cold 

work 
icorr (A/cm2) 

Ecorr 

(VAg/AgCl) 

Epit 

(VAg/AgCl) 

(a) 200(10%) 5.24807 × 10-7 -1.142 -0.749 

(b) 200(20%) 1.23026 × 10-6 -1.151 -0.751 

(c) 200(60%) 1.90546 × 10-6 -1.175 -0.759 

(d) 270(60%) 5.01187 × 10-6 -1.234 -0.772 

level has obviously deteriorated the corrosion resistance 

of all specimens and degraded the pitting potential to 

more negative values. 

There would be several reasons to attribute the 

decrease of corrosion resistance to the deformation. One 

could be the presence of micro defect such as: 

dislocations, second phase precipitates and grain 

boundaries [42-44]. The mechanism of how these 

defects affect the corrosion resistance is that they create 

localized micro galvanic series. Hence, with an increase 

of corrosion current density and stored energy, more 

electric current will travel across the surface, increasing 

the driving force of the oxidation reactions on the 

surface. The metal ions would also move from these 

preferred sites onto the surface, towards the solution 

[40, 45]. Furthermore, these pre-existing precipitates 

and dislocations (induced by precipitation hardening 

and cold work deformation, respectively) can also be 

favorable locations for the nucleation of pits [46-48] 

Considering the aforementioned mechanisms, this paper 

indicates that with increase of cold work all the Al–4.2 

wt% Ag specimens decrease in their corrosion and 

pitting potentials and an increase in the corrosion 

current densities. As a result, with further reduction in 

thickness (10% to 60%), the corrosion resistance 

decreased due to the increase of dislocation density and 

fragmentation of long precipitates to finer pieces, 

causing the precipitates to increase in number and these 

more defects can cause more favorable site for pit 

nucleation. In addition, further decrease of corrosion 

resistance in the 270(60%) specimen in comparison 

with 200(60%) specimen might be due to the drastic 

increase of ageing temperature to the 70 °C which could 

have led to further coarsen precipitates being created. 
 
3. 5. Electrochemical Impedance Spectroscopy 
(EIS)        Impedance measurements are greatly used as 

a reliable method to inquire into not only the 

mechanisms and behavior of uniform corrosion but also 

the localized corrosion. The clarification of electric 

elements application, needs suitable elucidation of 

obtained impedance results [46, 49]. EIS data was 

analyzed with ZsimpWin (EchemSoftware, Princeton 

Applied Research) using electrical equivalent circuit 

models. To achieve an optimum fitting result, relative 

estimated errors of the calculated parameters by the 

software, the errors were kept at a minimum percentage 

and the best fitting results were reported. Figure 6 

shows impedance plots ((a). Nyquist, (b). bode, (c). 

phase angle) of deformed specimens.  
EIS diagrams for cold worked specimens show 

similar features. All the Nyquist plots (Figure 6a) show 

a small depressed capacitive semicircle at higher 

frequencies, related to the thin fragile pre-formed 

passive oxide layer on the metal (which can be seen in a 

magnified square in the down-left side of the Figure 6a). 
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Figure 6. EIS spectra presented as impedance plot: a: Nyquist, 

b: Bode and c: Phase angle and the electrochemical equivalent 

circuits for EIS fitting for all specimens 

 
 

A second large capacitive loop at intermediate 

frequencies is attributed to corrosion procedure on metal 

surface, followed by an inductive loop at lower 

frequencies attributed to localized corrosion. The 

presence of the inductive loop is examined repeatedly in 

order to ensure that the inductive loop is not an artifact 

of the testing process. The equivalent circuit is used for 

modelling the EIS, results are shown in the Figure 6c. 

The extracted parameters according to the model are 

presented in Table 2. The physical basis for the circuit 

model used for impedance fitting is as follows, Rs is 

solution resistance, CPEox and Rox represent a constant 

phase element and a thin fragile pre-made passive oxide 

layer resistance respectively, CPEdl and Rct are constant 

phase elements of the double layer capacitance. The 

charge transfer resistance respectively and L, RL are 

attributed to the inductance and inductance resistance. It 

is demonstrated in bode plots (Figure 6b) that the 

impedance values do not vary in the frequency range of 

103–104 Hz which shows the solution resistance. Due 

to further increase of deformation amount, the bode-

phase plot for all specimens shows a drop-in impedance 

of all frequencies (Figure 6b). Figure 6c shows the 

phase maxima at intermediate frequencies. Assigning 

presence of time constant controlling the 

charging/discharging of electrical double layer and low 

frequencies (around 10 HZ), which assigns the presence 

of time constant, attributed to the thin fragile pre-made 

passive oxide layer on the metal. 

Frequency width of the maximum phase angle 24◦ 

(Figure 6c) decreases by an increase of cold work 

deformation amount from 10 to 60%, illustrating the 

degradation of corrosion resistance. Constant phase 

element (CPE) has been introduced to imitate the 

electrochemical behavior of an imperfect capacitor. CPE 

is described by two parameters Y and n according to the 

equation [50, 51]: 

ZCPE(Y, n) =  (3) 

where, Y is the CPE-constant, j the imaginary unit, n the 

CPE power (0 ≤ n ≤ 1), and ω is the angular frequency. 

ω =  (4) 

For n=1 the CPE is a pure capacitance. For a 

capacitance element the deviation of the exponent n 

from unity is due to the heterogeneousness effect. CPE 

(Y, n) in Table 2, represents the constant phase element 

for the large capacitive loop at intermediate frequencies 

attributed to the corrosion procedure on metal surface; 

where Y and n are the parameters of the CPE. The 

capacitance of double layer (Cdl) was calculated from 

the following formula: 

Cdl =   (5) 

where, R is the double layer resistance (Rct) [52-54]. 

Electrochemical impedance data which is obtained from 

the equivalent circuit model fitting has been calculated 

and embedded in the circuit model in order to achieve 

the most accurate and reliable impedance data. 

Also, the value alterations of the above electrochemical 

impedance data are directly in a logical relation to each 

other. For instance, all the resistance parameters in 

Table 2, such as thin fragile pre-made passive oxide 

layer resistance (Rox), the charge transfer resistance (Rct) 

and inductance resistance (RL) are all increasing in all 

specimens with further amount of deformation. The 

quantitative results have been obtained by fitting the 

EIS data and are collected in Table 2. 

 

 

 

TABLE 2. Impedance parameters deduced from the analysis of impedance spectra for cold worked specimens 

Level of cold work 
Rox (Ω

  

cm2) 

Yox × 10-4 (Ω-1  

cm-2 Sn) 
nox 

Rct (Ω
  

cm2) 

Ydl × 10-4 (Ω-1  

cm-2 Sn) 
ndl 

Cdl (mF 

cm-2) 

RL (Ω  

cm2) 
L (H) 

(a) 200(10%) 1.872 5.91 0.93 14.15 2.820 0.84 0.104 12.35 0.93 

(b) 200(20%) 1.759 4.85 0.83 14.13 1.966 0.91 0.109 10.17 0.56 

(c) 200(60%) 1.693 6.18 0.85 12.61 3.776 0.94 0.275 9.36 0.52 

(d) 270(60%) 1.403 2.83 0.96 11.34 10.100 0.95 0.831 8.37 0.39 
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The table indicates that the charge transfer resistance 

(Rct) and Rox of both capacitive loops are decreased by a 

greater amount of cold work process and the 

capacitance of double layer (Cdl) is increased. The value 

of resistance parameters as well as of the capacitance of 

double layer for 200(10%) and 200(20%) specimens are 

close together due to their close amount of cold work. 

 
3. 6. FE-SEM and EDS Analysis     Specimens of 

different deformation and different heat treatment were 

subjected to FE-SEM observation and Pitting 

morphology after potentiodynamic polarization tests are 

observed in Figure 7. The micrographs confirm that the 

pitting corrosion damage on the surfaces of all 

specimens is obvious and the severity of pitting attacks 

is enhanced by the increase in cold work amount. All 

the pitting corrosion morphologies of deformed 

specimens include various kind of pits, considering 

number, size, shape, depth and distribution.  

All of these features are likely to have a direct 

relationship with the number, size, shape, distribution 

and the interaction of the pre-made micro-structural 

defects such as precipitations and dislocation. Thus, 

intermetallic particles and defects could influence the 

pitting corrosion behavior as a second phase. It is 

indicated that further cold work increases the number of 

pits. Seemingly, the 200(60%) and 270(60%) specimens 

have more widespread pitting attack which seems to be 

distributed along the surface to a greater extent. 

Additionally, the pits in 200(10%) and 200(20%) 

specimens appear to be short and small in number, 

indicating that the corrosion is not so severe. 

The EDX composition analysis spectra of pit and 

matrix zones in Figure 7c, are presented in Figure 8. 

The EDX spectrum (a) of the Al-Ag matrix, free from 

precipitates represents O, Al, Ag and Si peaks. 

Suggesting that these observations are comprehensively 

consistence to electrochemical data and particularly to 

corrosion current density. This pitting process is due to 

strong galvanic coupling between defects (High 

dislocations density, precipitates) and matrix. 

The  presence  of  oxygen  contributes  to  the  anodic 

   

   
Figure 7. Pitting corrosion morphologies of deformed 

specimens (a) 200(10%), (b) 200(20%), (c) 200(60%) and (d) 

270(60%) 
 

 

passive oxide layer formation on the surface. The low Si 

content seems to be the impurity.in addition, the 

presence of Ag indicates that a small amount of silver 

remained in the Al matrix as a solid solution. As shown 

in Figure 8b the EDX analysis shows the Al an Ag 

peaks indicating the presence of Ag and Al inside the 

pitting area as Ag2Al intermetallic precipitates. Hence, 

during the electrochemical procedure on the surface, the 

precipitates did not dissolve, and the pitting corrosion 

occurred around the Ag2Al plates on the Al matrix. 

From FE-SEM/EDS analysis it is determined that the 

bright intact intermetallics are close to the pitting areas 

in Figure 7. 

Therefore, Ag2Al precipitates act as cathodic sites in the 

Al-Ag alloy and the selective dissolution occurs at the 

Al matrix, acting as an anodic site. 

The result of surface observations can prove that the 

electrochemical results and the difference in the degree 

of pitting attacks on the surface led to a better 

understanding of the effect of deformation process on 

corrosion. 

 
 

 
Figure 8. EDX spectra of Al–4.2 wt% Ag alloy (200(60%)) specimen. (a) matrix, (b) pit 
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4. CONCLISION  
 
1. An increase of deformation percentage from 10 to 

60%, increased the hardness values. In addition, the 

270(10%) specimen had a greater hardness value in 

comparison to the 200(60%) specimen. This is likely 

due to its greater ageing temperature, which had reached 

to peak aged temperature. Also, in the case of the 

hardness values of the 270 °C specimen with and 

without deformation, it is obvious that even though, the 

coarsening of Ag2Al precipitates during ageing process 

reduced the hardness amount, the 60 percent 

deformation on the same specimen increased the 

hardness significantly, as if its value reached maximum.  

2. Potentiodynamic measurements, revealed that with 

increase an of cold work, all specimens showed a 

decrease in their corrosion and pitting potentials and an 

increase in the corrosion current densities as a result of 

more defects, which led to a higher stored energy and 

created more local galvanic cells, thus increasing the 

electron activity. Furthermore, the greater decrease of 

corrosion resistance in the 270(60%) specimen in 

comparison to the 200(60%) specimen could be due to a 

drastic increase of ageing temperature to the 70 °C 

which leads to creating more coarsened precipitates. 

The pit propagation grade expands repetitively with 

cold work reduction. This was related to an extreme 

amount of dislocations induced by the deformation and 

fragmented precipitates, which created more preferable 

locations for the nucleation of pits  

3. From an electrochemical perspective, EIS 

measurements showed that charge transfer resistance 

(Rct) and Rox of two capacitive loops decreased by 

further amount of cold work process and the capacitance 

of double layer (Cdl) increased; indicating the 

degradation of corrosion resistance by further amount of 

cold work. 

4. EDS analysis showed that the pitting corrosion 

occurred around the Ag2Al plates on the anodic 

dissolved the Al matrix and precipitates acted as 

cathodic. 
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āºĊî¯ 
 

 

ÞĊÅÿ äĊÕ IĂÞõwÖù üĉv ½¹öúÝ ¿v ĈôîÉ ¾ĊĊâ£ ÿ Ĉ¤¸Å¾Ċ~ ¡wĊ ½wí Äîĉ¾£wù ćÿ½ ¾z ¹¾Å  ÁwĊõj ĂþĊù¿ Al 4.2 wt% Ag  

Ăz ôĊ{é ¿v xĀĊÝ ¾Ċ§w£ ĈÅ½¾z ½ĀÚþù ¡wzĀÅ½ 5Al2Ag Ĉĉw¬zwý ÿ ÷w¬ýv ½Āí¼ù ÁwĊõj ĈĉwĊúĊÉÿ¾¤îõv ÿ ĈîĊýwîù ½w¤å½ ¾z wă

 ¿v ¢ùw¸Ñ Èăwí )ºÉ,+  w£1+ v üĊòýwĊù Èăwí y«Āù ºÍ½¹ÿ ĈzĀÅ½ ¡v½» ā¿vºý ¾¤õwò¯ Üĉ¿Ā£ Ĉĉw¬zwýĈù wă)¹ĀÉ 

Ăêö³Äýwí¾å Ăz ÓĀz¾ù Ĉĉwêõv ćĂ·wÉ ¡wýwÅĀý Ăí ā¹Āz ĈÞÑĀù Ĉñ¹½Ā· wz Ô{£¾ù ¢ÆĊĉĀîĉwý ½v¹Āúý ½¹ üĊĉw~ ćwă ć

 ¾ĉÿwÎ£ ÿ ôåw£ ½v¹Āúý ½¹ ćºýjFE-SEM Ĉù ¢zw§ v½ ĈÞÑĀù Ĉñ¹½Ā· ½ĀÒ³ ćv¾z Ç¾¤Æñ ûvÀĊù IüĊþ°úă )ºþþí

v¾æ³¸Ñ ¾¤ÊĊz Èăwí wz ¡ûºÉ ¹¾· ÿ ¢ùw )¹½v¹ ĈúĊê¤Æù ĂÖzv½ ¡wzĀÅ½ Ĉĉw¬zwý ćđwz ûvÀĊù ôĊõ¹ Ăz ¾ùv üĉv ćwă

ôĊîÊ£¢ĉwÅ ôĊîÊ£ Ăz ¾¬þù Ăí ¢Åv ¡wzĀÅ½ ûºÉ ¹¾· ÿ ôîÉ ¾ĊĊâ£ ÔÅĀ£ āºÉĂývĀ« ćv¾z yÅwþù ćwă ¡v¾æ³ Ĉý¿

ĈùäĊÕ IāÿĒÝ Ăz )¹ĀÉòýć½w EDS  Ăí ¹v¹ ûwÊý I¡v¾æ³ ¿vĀþĊùĀõj ôùwÉ ¡v½» ½ĀÒ³¢ĉwÅ ûvĀþÝ Ăz Iā¾êý ÿ ÷ ćwă

Ĉù ćºýj ĂþĊù¿ Ĉñ¹½Ā· ÿ óĒ´ýv y«Āù ÿ ā¹¾í ôúÝ ćº£wí ÿ ćºýj)¹ĀÉ 

doi: 10.5829/ije.2018.31.12c.14 
 

 


