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 Pitting corrosion tests were conducted for the Friction stir welded specimens of A319 and A6063 aluminium alloys in as welded
post welded conditions. The results show that the corrosion behaviors of 
specimen shows more corrosion resistance than the AW specimen. The photomicrographs of the corrosion pits reveal that the gra
boundaries represent favorable sites for pitting corrosion.
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INTRODUCTION 

 
 Friction stir welding is a continuous, hot shear, 
auto-genous process that involves non
rotating tool of harder material than the substrate 
material. Thomas of The Welding Institute (TWI) 
focuses on this study the relatively new joining 
technology, friction stir welding (FSW). His first 
attempt on this welding was to overcome the 
problems of fusion welding of aluminium alloys. He 
observed that t friction stir welding could overcome 
the presence of surface oxides and it can be used to 
join many aluminium alloys. Thus friction stir 
welding came into focus on automotive vehicles, rail, 
marine and aerospace transportation industries.FSW 
comprises a non-consumable rotating tool with a 
specially designed pin and shoulder which is inserted 
into the abutting edges of the plates to be joined. The 
rotating tool is then traversed along the line of joint. 
The work surface to be joined has to be suitably 
clamped in a specially designed fixture by arresting 
all degrees of freedom of movement to prevent the 
abutting joint faces from being forced apart. FSW 
has been successful in joining many of the 
commercial aluminium alloys including 1xxx
of wrought aluminium and in 3xx and 4xx of cast 
aluminium alloys. It is also successfully employed in 
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ABSTRACT 

Pitting corrosion tests were conducted for the Friction stir welded specimens of A319 and A6063 aluminium alloys in as welded
post welded conditions. The results show that the corrosion behaviors of base metals vary from the AW and PWHT. Moreover PWHT 
specimen shows more corrosion resistance than the AW specimen. The photomicrographs of the corrosion pits reveal that the gra
boundaries represent favorable sites for pitting corrosion. 

Friction stir welding is a continuous, hot shear, 
genous process that involves non-consumable 

rotating tool of harder material than the substrate 
material. Thomas of The Welding Institute (TWI) 
focuses on this study the relatively new joining 
technology, friction stir welding (FSW). His first 

his welding was to overcome the 
problems of fusion welding of aluminium alloys. He 
observed that t friction stir welding could overcome 
the presence of surface oxides and it can be used to 
join many aluminium alloys. Thus friction stir 

cus on automotive vehicles, rail, 
marine and aerospace transportation industries.FSW 

consumable rotating tool with a 
specially designed pin and shoulder which is inserted 
into the abutting edges of the plates to be joined. The 

is then traversed along the line of joint. 
The work surface to be joined has to be suitably 
clamped in a specially designed fixture by arresting 
all degrees of freedom of movement to prevent the 
abutting joint faces from being forced apart. FSW 

uccessful in joining many of the 
commercial aluminium alloys including 1xxx-8xxx 
of wrought aluminium and in 3xx and 4xx of cast 
aluminium alloys. It is also successfully employed in 

dissimilar welding. It is not only successful in 
dissimilar combinations of aluminium alloys but also 
in aluminium-steel, aluminium
aluminium-magnesium alloys. With the increase in 
industrial applications of FSW, corrosion studies on 
parent and welded FSW plates are considered as the 
primary requirement. Malarvizhi 
the polarization of the weld specimens of AA2219 in 
non-deaerated 3.5% NaCl solution with pH values of 
4, 7 and 11. The pitting potential (
as the criteria for comparison of pitting corrosion 
resistance. Joints that exhibit lower negative potential 
(i.e., higher positive potential) values of pitting 
potential are considered to be more corrosion 
resistant. Szklarska et al justifies that inter
particle like iron present in aluminium matrix 
influences the corrosion behavior of aluminium 
alloys. These particles are present in the 
microstructure that reduces the resistance to localized 
corrosion. The aim of the current work is to evaluate 
the corrosion resistance of the AW and PWHT 
specimens by potentio dynamic metho
with the corrosion resistance of BM
 
Nomenclature: 
FSW   - Friction Stir welding  
BM     - Base Metal 
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Pitting corrosion tests were conducted for the Friction stir welded specimens of A319 and A6063 aluminium alloys in as welded and 
base metals vary from the AW and PWHT. Moreover PWHT 

specimen shows more corrosion resistance than the AW specimen. The photomicrographs of the corrosion pits reveal that the grain 

dissimilar welding. It is not only successful in 
of aluminium alloys but also 

steel, aluminium-copper and 
magnesium alloys. With the increase in 

industrial applications of FSW, corrosion studies on 
parent and welded FSW plates are considered as the 
primary requirement. Malarvizhi et al investigates 
the polarization of the weld specimens of AA2219 in 

deaerated 3.5% NaCl solution with pH values of 
4, 7 and 11. The pitting potential (φpit) is considered 
as the criteria for comparison of pitting corrosion 

ibit lower negative potential 
(i.e., higher positive potential) values of pitting 
potential are considered to be more corrosion 

justifies that inter-metallics 
particle like iron present in aluminium matrix 

n behavior of aluminium 
alloys. These particles are present in the 
microstructure that reduces the resistance to localized 
corrosion. The aim of the current work is to evaluate 
the corrosion resistance of the AW and PWHT 

dynamic method and compare 
with the corrosion resistance of BM 
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AW      - As Weld  
PWHT - Post Weld Heat Treatment 
βa      - The slope coefficient of the cathodic 
Tafel line 
βc       - The slope coefficient of the anodic 
icorr    - The corrosion current density (mA/cm2)
Rp      - The polarization resistance (Ω
E-corr - Corrosion Potential 
 The FSW specimens A319 and AA6063 welded 
at optimal welding parameters of tool rotational 
speed 1200 rpm, welding speed 25 mm/min and axial 
load 7 kN was chosen for this study. The 
 
Table 1: Composition of AA6063-T6 and A319

Base Metals Si
AA6063 0.3

A319 6.2
 
 In order to calculate the corrosion current, the 
Stern- Geary equation was used  
Rp=(βa.βc)/(2.3.icorr(βa+βc))              
where  
βa-The slope coefficient of cathodic 
βc- The slope coefficient of the anodic Tafel line
icorr - The corrosion current density (mA/cm2)
Rp - The polarization resistance (Ωcm2) 
 The indicating value of the polarization 
resistance (Rp) is a measure of the metal to the 
medium of corrosion. Thus in the polarization 
experiment, it corresponds to the resistance (R) of the 
metal to charge-transfer reaction. 
 The susceptibility of aluminium alloys depends 
mainly on the presence of distribution and form of 
phase particles. In a potentiodynamic experiment, the 
 

 
Fig. 1: Tafel polarization curves for   (a) AW   (b) PWHT specimens
 
 The start potential and reverse potential changes 
from 600 mV to -600 mV respectively. The potential 
sweep rate was 300 mV /min which aides in 
determining corrosion potential, corrosion currents 
and corrosion current rate for all the conditions. 
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The slope coefficient of the cathodic      

The slope coefficient of the anodic  Tafel line 
The corrosion current density (mA/cm2) 
The polarization resistance (Ωcm2)  

The FSW specimens A319 and AA6063 welded 
of tool rotational 

speed 1200 rpm, welding speed 25 mm/min and axial 
load 7 kN was chosen for this study. The 

compositions of the BM are given in Table.1.The 
corrosion resistance tests of investigated alloys were 
carried out by means of potentio
potentio-stat was used in conjunction with a standard 
cell along with a personal computer. The 
experiments were conducted in 3.5% NaCl solution 
at room temperature. The reference electrode was 
used saturated calomel electrode (SCE) and the 
auxiliary electrode was platinum electrode. The 
potentiostat polarization curves for the specimens 
were obtained individually. 

T6 and A319. 
Si Cu Mg Mn Ti Zn 
0.3 0.1 0.5 0.1 0.1 0.1 
6.2 3.4 0.1 0.5 0.3 0.1 

In order to calculate the corrosion current, the 

βc))                       (1) 

The slope coefficient of cathodic Tafel line 
The slope coefficient of the anodic Tafel line 

The corrosion current density (mA/cm2) 
Ωcm2)  

The indicating value of the polarization 
) is a measure of the metal to the 

sion. Thus in the polarization 
experiment, it corresponds to the resistance (R) of the 

The susceptibility of aluminium alloys depends 
mainly on the presence of distribution and form of β-
phase particles. In a potentiodynamic experiment, the 

potential or the driving forces for anodic or cathodic 
reactions are controlled. The potentiostatt mea
the current which must be applied to the system in 
order to achieve the desired potential, known as 
applied current. As a result, the measured current 
will be zero at the potential where the total anodic 
current is equal to the cathodic current. That
is termed as open circuit potential. To determine the 
values of Ecorr and Icorr extrapolated values of anodic 
and cathodic curves are used .At the corrosion 
potential Ecorr , the rate cathodic reaction is equal to 
the rate anodic reaction. Pitting corrosion potential is 
take as the criterion for comparison of pitting 
corrosion resistance. Joints exhibiting lower 
corrosion potential are considered to be more 
corrosion resistance.  

 
 

 

r   (a) AW   (b) PWHT specimens.  

The start potential and reverse potential changes 
600 mV respectively. The potential 

sweep rate was 300 mV /min which aides in 
determining corrosion potential, corrosion currents 
and corrosion current rate for all the conditions. 

Figure 5.15 shows the variation of corrosion 
potential Ecorr and corrosion current density icorr for 
the AW and PWHT conditions. The slope coefficient 
of cathodic Tafel line βa and slope coefficient of 
anodic Tafel line βc are taken as 278.48 mV and 180 
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compositions of the BM are given in Table.1.The 
corrosion resistance tests of investigated alloys were 
carried out by means of potentio-dynamic method. A 

stat was used in conjunction with a standard 
cell along with a personal computer. The 
experiments were conducted in 3.5% NaCl solution 
at room temperature. The reference electrode was 
used saturated calomel electrode (SCE) and the 

y electrode was platinum electrode. The 
potentiostat polarization curves for the specimens 

Fe Al  
0.3 BAL 
0.7 BAL 

potential or the driving forces for anodic or cathodic 
reactions are controlled. The potentiostatt measures 
the current which must be applied to the system in 
order to achieve the desired potential, known as 
applied current. As a result, the measured current 
will be zero at the potential where the total anodic 
current is equal to the cathodic current. That potential 
is termed as open circuit potential. To determine the 

extrapolated values of anodic 
and cathodic curves are used .At the corrosion 
potential Ecorr , the rate cathodic reaction is equal to 

ng corrosion potential is 
take as the criterion for comparison of pitting 
corrosion resistance. Joints exhibiting lower 
corrosion potential are considered to be more 

5 shows the variation of corrosion 
potential Ecorr and corrosion current density icorr for 
the AW and PWHT conditions. The slope coefficient 

βa and slope coefficient of 
c are taken as 278.48 mV and 180 
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mV respectively. The linear polarization resistance (LPR)  
 
Table 5.5: Results of Corrosion tests of studied samples in 3.5% NaCl solution. 

Sample Corrosion Potential 
Ecorr ( mV) 

Corrosion current  
density Icorr (A/cm2) 

Corrosin rate 
(mm/year) 

Polarization resistance 
Rp (Ωcm2) 

AA319 BM -715 1.32E-07 4.168E-09 0.036 
AA6063 BM -670 2.40E-07 2.234E-09 0.63 

AW -893 2.007E-07 2.186E-06 0.24 
PWHT -280 2.98E-08 3.246E-07 1.60 

 
 The results of Table 5.5 show that the corrosion 
behaviors of base metals are quietly varying from the 
AW and PWHT. Also PWHT specimen shows more 
corrosion resistance than the AW specimen. 
Corrosion potential especially in case of dissimilar 
welding depends mainly on the electrochemical 

behavior of the microstructure especially on the 
quantity of the secondary phases. Szklarska et al 
proposes that the presence of intermetallics like iron 
could reduce the resistance to pitting corrosion. 
These intermetallics are considered to be the 
initiations sites for the pitting corrosion.  

 

 
 

 
 
Fig. 5.16: SEM images of AW specimen (a) Presence of corrosion pits (b) Enlarged view of the formation of 
           corrosion pits around the intermetallics   
 
 Mahmoud et al suggested that the compared 
with the grain matrix, grain boundaries represent 
favorable sites for pitting corrosion. Nikseresht et al  
suggested that the fine distribution of these 
precipitates during PWHT increases the corrosion 
potential of the specimen. The dissolution of 
impurities like Fe in the alpha matrix during solution 
hardening can be attributed to the increase corrosion 
potential of PWHT specimen. 
 The optical micrographs of the corrosion 
specimens from Figure 6.20(a)-(d), show the 
presence of pores on the surface. The pitting 
corrosion is said to be formed in a small area which 
has lack of oxygen or where its protective oxide layer 
is thinning. Thus the area with excess of oxygen 
becomes cathodic and area with lack of oxygen 
becomes anodic. With limited diffusion of ions, the 
corrosion penetrates the metal, further pronouncing 
localized lack of oxygen  

Conclusions:  
a) The dissimilar FSW between AA6063-T6 and 
A319.0 exhibit a different microstructure than their 
base metal counterpart. The stirring action of the 
FSW tool has produced a fine recrytallised structure 
at the SZ. Homogeneous distributions of the fine 
grains were found at the SZ.  
b) The presence of intermetallics in the SZ has a 
major role to play in deciding the strength of the 
weld. 
c) Pitting corrosion results shows that the corrosion 
behaviors of base metals are quietly varying from the 
AW and PWHT. Also PWHT specimen shows more 
corrosion resistance than the AW specimen. 
d) The microstructure of the corrosion pits reveal 
that the grain boundaries represent favorable sites for 
pitting corrosion. Also the presence of pores on the 
surface was identified from the optical micrographs 
of the corroded specimens.  
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Fig. 5.17: SEM images of pitting corrosion og
 

     

      

     
 
Fig. Optical photmicrograph images  of pitting corrosion at 100 x for (a) BM319 (b) BM 6063 (c) AW specimen 
 (d) PWHT specimen. 
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  (a) 

 
  (b) 

SEM images of pitting corrosion og. a) AA6063 BM    b)A319 AM.  

 
(a) 

 
  (b) 

 
  (c)  

 
  (d) 

Optical photmicrograph images  of pitting corrosion at 100 x for (a) BM319 (b) BM 6063 (c) AW specimen 
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Optical photmicrograph images  of pitting corrosion at 100 x for (a) BM319 (b) BM 6063 (c) AW specimen 
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