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Abstract _ In this research, EIS technique was utilized to study the corrosion behaviour of AA5083-H321 aluminum-magnesium 

alloy in 3.5% NaCl solution. Impedance spectra were obtained during 240 hours of exposure of the sample to the test solution. 

The surface and cross section of the samples were studied by scanning electron microscopy (SEM) and EDAX analysis.  

The results indicated the the impedance of the surface is controlled by the reactions which occur in the passive layer on top of 

intermetallic particles and substrate. Intensification of cathodic and anodic reactions at the first 24 hours decreases the impedance 

of the surface. However accumulation of corrosion products inside the pits and subsequently suspension of cathodic reactions on 

top of intermetallic particles tends the impedance of the surface to decrease. Meanwhile pitting corrosion provides inhomogeneous 

surface which prevents the capacitors to behave ideally. Therefore capacitors are substituted by constant phase element. 

 

Keywords: Pitting Corrosion, AA5083-H321 Aluminum-Magnesium Alloy, Electrochemical Impedance Spectroscopy, 

intermetallic Particle, Passive Layer 



06 

HAA

NaCl,

NaCl

 

Barbucci

Mansfeld

MunozBessone

EIS

EIS



06 

Botana

EIS

NaCl

HAA

NaCl

        

HAA

SiC

NaClpH=

AA5083-H321

 

Mg Si Mn Cr Fe Cu Zn Ti Al 



06 

 (EG&G 

Princeton Applied Research 273A)

ACmv

ZView2

       

NaCl

EDAX

Fe

MnCr

][

 AlCl3][

Al
+3

 

 

 



06 

 

 

 

 

 

NaCl

NaCl

EDAX

EDAX

][RS

(.cm
2
)

 Rint

(.cm
2
)



06 

Cint

(F.cm
-2

)

Rnp

(.cm
2
)

CPEnp

(F.cm
-2

)

CPEdl

(F.cm
-2

)

Rt(.cm
2
)

 

 

 

 

 

 

NaCl

Al
+3



06 

0

20000

40000

60000

80000

100000

120000

0 20000 40000 60000 80000 100000 120000 140000

Zreal (ohm.cm
2
)

-Z
im

 (
o

h
m

.c
m

2
)

Experimental Simulated Data 0.02 Hz

0.286 Hz

1.40 Hz

0

50

100

150

200

250

0 20 40 60 80 100 120

Zreal (ohm.cm
2
)

-
Z

im
 (

o
h

m
.c

m
2
)

287 Hz

2415 Hz

20276 Hz

 
AA5083-H321NaCl

][

(CPE)

Rint

Rnp

RPCPEP

RpRnp

Rp = Rnp + Rint                

CPET

ZCPE=1/[T(jω)
n
]  



00 

nnp
Tnp

(μF.cm
-2

.s
n-1

)

Rnp 

(ohm.cm
2
)

Cint

(μF.cm
-2

)

Rint 

(ohm.cm
2
)

Time 

(hr) 

 

nnp
Tnp

(μF.cm
-2

.s
n-1

)

Rnp 

(ohm.cm
2
)

Cint 

(μF.cm
-2

)

Rint 

(ohm.cm
2
)

Time 

(hr) 

  

 

NaCl

ndl
Tdl

(μF.cm
-2

.s
n-1

)

Rct 

(ohm.cm
2
)

np 
Tp

(μF.cm
-2

.s
n-1

)

Rp 

(ohm.cm
2
)

Time 

(hr) 



06 

 

 

 

 

 

 

 

 

 

n

TCF.cm
-2

.s
n-1

][

RintCint

NaCl

RS

(.cm
2
)

CPEp

(F.cm
-2

)

Rp

(.cm
2
)

CPEdl

(F.cm
-2

)

Rct

(.cm
2
)

(OH
-
)

pH

][



06 

C=ε ε0.A.d

 

0

10000

20000

30000

40000

50000

60000

70000

80000

0 10000 20000 30000 40000 50000 60000 70000

Zreal (ohm.cm
2
)

-Z
im

 (
o

h
m

.c
m

2
)

Simulated Data Experimental 0.02 Hz

0.098 Hz

0.827 Hz

 

 

 NaCl

CT

ε0

ε

A

d

TP.

  

Tp

Rp



06 

Rp

ohm.cm
2

Rp

Rnp

Al
+3

Rp

Al
+3

 

RpTp

Tp

Rct

][

Tdl

Al
+3

Rct

Tdl

C=Q/V   

CF.cm
-2



66 

Q

Coulomb

VV

1

10

100

1000

10000

100000

1000000

0.01 0.1 1 10 100 1000 10000 100000

Frequency (Hz)

Z
 (

o
h

m
.c

m
2
)

-40

-20

0

20

40

60

80

100

P
h

a
s

e
 o

f 
Z

 (
D

e
g

)

1 hr 3 hrs 6 hrs 12 hrs 24 hrs

 
 

1

10

100

1000

10000

100000

0.01 0.1 1 10 100 1000 10000 100000

Frequency (Hz)

Z
(O

h
m

.c
m

2
)

0

10

20

30

40

50

60

70

80

P
h

a
s

e
 o

f 
Z

 (
D

e
g

)

1 Day 3 Days 5 Days 7 Days 10 Days

 

AA5083-H321

NaCl



66 

Tp

 

θ = Arctg(-Zim/Zre)

θDeg

Zim(ohm.cm
2
)

Zre(ohm.cm
2
)

Tp

 

Tp

      

EIS



66 

 

 

1. C.H. Holtyn, Corrosion protection 

guidelines for aluminum hulls, Marine 

Technology, 22(2) (1985), 155-163.  

2. S. Brown, Feasibility of replacing 

structural steel with aluminum alloys in 

shipbuilding industry, Report published by 

University of Viscontin at Madison. May (1999) 

3. K. Nisancioglu, Corrosion protection of 

aluminum alloys in seawater, Eurocorr (2004) 

4. J.R. Davis, Corrosion of aluminum and 

aluminum alloys, ASM International, (1999) 85-

94. 

5. Z.A. Foroulis and M.J. Thbrikar, On the 

kinetics of breakdown of passivity of 

preanodized aluminum by chloride ions, J. of 

Electrochem. Soc., 122(10) (1975) 81-89. 

6. F.J. Martin, Impedance studies of the 

passive film on aluminum, Corrosion Science, 47 

(2005) 3187-3201. 

7. Z.S. Smailowska, Pitting corrosion of 

aluminum, Corrosion Science, 41(1999) 1743-

1767.   

8. R. Jianjun and Z. Yu, The growth 

mechanism of pits in NaCl solution under anodic 

films on aluminum, Surface and Coating Tech., 

191( 2005) 311-316. 

9. T.D. Burleigh, Chapter 11: Corrosion of 

Aluminum and its Alloys, in the Handbook of  

Aluminum, Alloy Production and Materials 

Manufacturing, Vol.2,  ( 2003)421. 

10. N. Birbilis & R.C. Buchheit, 

Electrochemical characteristics of intermetallic 

phases in aluminum alloys, Journal of the 

Electrochemical Society, B,152(4)( 2005) 140-

151. 

11. M. Bethencourt & F.J. Botana, The 

influence of surface distribution of Al6(Mn,Fe) 

intermetallics on the electrochemical response of 

AA5083 aluminum alloy in NaCl solutions, 

Materials Science Forum, 289-292 (1998) 567-

574.             

12. R.E. Melchers, Influence of temperature 

on seawater immersion corrosion of aluminum, 

British Corrosion Journal, 36(3)( 2001) 201-204. 

13. A. Aballe, M .Bethencourt, F.J. Botana, 

M.J. Cano & M. Marcos, Localized corrosion of 

alloy AA 5083 in natural 3.5% NaCl Solution, 

Corrosion Science, 43(2001) 1657-1674. 

14. Ph. Gimenez, Experimental pH-potential 

diagrams of aluminum for seawater, Corrosion, 

37(12) (1981)673-682. 

 



66 

15. A. Barbucci & G. Bruzzone, Breakdown 

of passivity of Al alloys by intermetallic phases 

in neutral chloride solution, Intermetallics, 

8(2000) 305-312. 

 

16. F. Mansfeld, Analysis and interpretation 

of EIS data for metals and alloys, technical 

report No. 26., Univ. of California, Los angles, 

Ca, USA, 1999.  

17.   A.G. Munoz, and J.B. Bessone, pitting 

of aluminum in non-aqeous chloride media, 

Corrosion Science, 43(1999)1447-1463. 

18. M. Kliskik, J. Radosevic, S. Gudic and 

M. Smith, Cathodic polarization of Al-Sn alloy 

in sodium chloride solution, Electrochimica 

Acta, 41(21-22) 1998) 3241-3255. 

19.  E. Brillas, P.L. Cabot, F. Cantellas and 

J.A. Garrido , Electrochemical oxidation of high 

purity and homogeneous Al-Mg alloys with low 

Mg contents, Electrochimica Acta, 43(7) (1998) 

799-812.  

20. H.B.Shao, J.M.Wang, and Z. Zhang, 

Electrochemical impedance spectroscopy 

analysis on the electrochemical dissolution of 

aluminum in alkaline solution, J. of 

Electroanalytical Chemistry, 549(2003) 145-150.    

21. A. Aballe, M. Bethencourt & F.J. 

Botana, Using EIS to study the electrochemical 

response of alloy AA5083 in solutions of NaCl, 

Materials and  Corrosion, 52(2001)185-192. 

22. SSPC Standards,  systems and 

specifications, 2, edited by janes rex, 1995, 112-

213.  

23. A. Spirin, Effect of external polarization 

on corrosion of structural aluminum alloys in 

Caspian seawater, Material Protection, (1967) 

515-517. 

24. W.S. Tait, An Introduction to 

Electrochemical Corrosion Testing for Practicing 

Engineers And Scientists, Pairldocs Pub, (1994) 

73-76. 

25. D.C. Silverman, Primer on the AC 

technique, in Electrochemical Techniques for 

Corrosion Engineering, R. Baboian, ed., NACE, 

Houston, (1987) 73. 

26. S.E. Freres, M.M. Stefenel, C. Mayer 

and T. Chierchie, AC-Impedance measurement 

on aluminum in chloride containing solutions 

and below the pitting potential, J. of Applied 

Electrochem, 20(1999) 996-999. 

 

 

 


