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Abstract

Effects of electrochemical conditions on localized
corrosion of Al5454 alloy

Soo Yeon Cho
Advisor: Prof. Heedin Jang, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

The corrosion behaviors of Al5454 alloy was investigated by potentiodynamic and
potentiostatic polarization tests in 5 wt.% NaCl solution. The pitting potential
of the Al15454 was measured to be -0.77 Vsce by potentiodynamic test. Pitting and
intergranular corrosion occurred on the surface of the alloy during
potentiostatic tests at -0.8 Vsee ~ =0.7 Vsee, initiating at the interface of the
precipitates and the matrix. The corrosion damage was intensified with an
increase of applied potential and test time.
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Figure 1.1 Images at metal lographic microscope of cross—sectioned specimens
after pitting scan in stagnant, naturally aerated NaCl solutions with

different concentrations and pH'™®
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Figure 1.2 Optical examination of: (a)AA1050, (b)AA6082, (c)AA5754,

(d)AA5083, and (e)AA2024; left side : as-received; right side : after

pitting scans(ley = 5 x 10° A/cn?) in deaerated near—neutral 0.6 mol/L
NaC|[17]
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Figure 1.4 Pitting and spreading potential of AAS083-H131 and B -phase at pH
8.3 as a function of chloride concentration'™
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Table 2.1 Physical properties of aluminum

[21]

Atomic mass 26.9815 u Thermal conductivity | 2.37 W/cm - K

Atomic radius 1.82 A covalent radius 1.18 A
Density 2.70 gn/cm’ Atomic volume 10.0 cm’/mol

Melting point 933.52 K Oxidation states 3
Boiling point 2740 K Stable isotopes 1

Heat of vapor 293.4 kJ/mol Electronegativity 1.61
Heat of fusion 10.79 kJ/mol First ionization 5.986 eV
Specific heat 0.90 J/gm - K Electrical conduct 35.5 - 10°/Qm
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Table 2.2 Nomenclature of aluminum al on[

21]

Major alloying element

Processed material
nomenclature

Casting material
nomenclature

Al Purity 99.0% or higher pure Al IXXX 1XXX0
Al-Cu alloy 2XXX 2XXX0

Al-Mn alloy 3XXX
Al-Si alloy 4XXX 4XXX0
Al-Mg alloy 5XXX 5XXX0
Al-Mg-Si alloy 6XXX 6XXX0
Al-Zn-(Mg,Cu) alloy 7XXX 7XXX0

Other alloying elements 8XXX
Unused steel grade(spare number) 9XXX 9XXX0
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Table 2.3 Classification of aluminum aIon[

21]

Pure Al (1XXX)

Heat-treated
al loy

Non-heat ing Al-Mn al loy(3XXX)
al loy Al-Si al loy(4XXX)
Processing
. Al-Mg al loy(5XXX)
material
Al-Cu al loy(2XXX)
Heat-treated -
Aluminum alloy Al-Mg-Si al loy(B6XXX)
alloy Al-Zn-Mg al loy(7XXX)
Non-heat ing Al-Si al loy(AC3A, ADC1)
) al loy Al-Mg al loy(AC7A, ADC5, 6)
Casting
material Al-Cu-Mg-Si, Al-Mg-Si alloy

(AC2X, AC4X, ADC3, 10, 12)

Al-Cu al loy(AC1X, AC5A)
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Figure 2.1 Train with uniform corrosion
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Figure 2.3 Intergranular Corrosion of Al-4.5 wt.% Mg
Al on[21]
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Standard potential at 25 °C

Electrode reaction (77°F), V vs. SHE
Autt +3e- = Au 1.50
Pd2* + 2¢— — Pd 0.987
Hg? + 2¢~ — Hg 0.854
Agt+ e Ag 0.800
Hgj + 2¢~ — 2Hg 0.789
Cut +e~— Cu 0.521
Cul*+ 2 — Cu 0.337
2H* + 26> Hy (Reference)

0.000
Pb2t + 26— — Pb -0.126
Sm + 27— Sn ~0.136
Ni<* + 2¢- = Ni —0.250
Co? + 2~ = Ni -0.277
M+e =T =0.336
In** + 3e-— In ~0.342
Cd*+2e-—=Cd -0.403
Fel* + 2 — Fe -0.440
Ga* + 3¢ = Ga -0.53
C* 4+ 3 o Cr -0.74
Cri*+ 2 5 Cr —~0.91
Zn* +2¢- = Zn -0.763
Mn2* + 2¢~— Mn -1.18
Zrt y 4 o Zr -1.53
TiZ*+2e 5 Ti -1.63
AP 4 3 5 Al -1.66
Hf* + 4¢- — HF -1.70
UH+3e U -1.80
Bet + 26~ = Be -1.85
Mg2* + 2¢~ - Mg ~2.37
Na* +¢ = Na =271
Ca* + 2~ — Ca -2.87
Kr+e 2K =293
Li*+e —=Li =3.05
SHE, standard hydrogen electrode

Figure 2.4 Electromotive force series for metals!'

_21_

Collection @ chosun



~_=

=
-

1 m

Anodic Inert Cathodic

Figure 2.5 corrosion behavior due to aluminum precipitation phase[Z”
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Table 2.4 Corrosion properties on precipitates[

21]

Precipitation

Corrosion characteristic

AlsFe Cathodic
AleFe Inert
AlaMn Cathodic
AleMn Inert
Als(Fe,Mn) Cathodic
Alg(Fe,Mn) Inert/Cathodic
Als(Mn,Cu) Inert/Cathodic
a-AlFeSi Cathodic
a-Al(Fe,Mn)Si Cathodic
a-AIMNSi Cathodic
AlzCu Cathodic
Als(Fe,Cu) Cathodic
Alg(Mn, Cu) Inert
Al2CuMg Anodic/Cathodic
Alg(Cu,Fe,Mn) Cathodic
n—MgZnz Anodic
B -AlgNgs Anodic
B -AlaMgz Anodic
¥ ~MgizAl 12 Cathodic

Collection @ chosun
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Small second phases (less than 100nm) Coarse second phases
(greater than 1um)

Anodic Cathodic Cathodic

H ] ]

== ~_F —

Figure 2.6 Difference in the phenomenon of self-healing by precipitate

Size[21]
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Table 3.1 Standard chemical

composition of Al5454 alloy

Collection @ chosun

_26_

Mg Mn Fe Si
2.4~3.0 0.5~1.0 0.4 0.25
n Ti Cu Al
0.25 0.2 0.1 Remainder
(S %)




Table 3.2 Chemical composition of Al5454 alloy used in this study

Collection @ chosun
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Mg Mn Fe Si

2.81 0.95 0.31 <L0D

n Ti Cu Al

0.04 0.03 0.04 Remainder
(S %)
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CHOSUN UNIVERSITY

Figure 4.1 Microstructure image of Al5454
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Figure 4.2 EDS analysis of precipitation

_32_

Collection @ chosun



7l
Ar

nr
jild

ok
K]
(H0

ol
o

ol

Jo

Iy
ol

0l

AH
=

S0 A

5 wt.% NaCl

o
ju—

Figure 4.3

st SIHA A

ALt 2 SEH

=
=

ol
s

i0J

~
Klo

Ctot -0.77 Vsce Ol A 2 RtHD|

[e13
s

JtotXl

LI HY B

=
TT

SSEH TIZ0l HASEA SA0

HHEE2Z KS D 1SO 11846 & Al

04,

¢}

oll
)
o

ol
10

ol
ol

o0

KK
=8

=
=

0l

H2A0AM 20 mV =2 -0.75 Vsee 24

of 24

o)

ni

KO
i

=0.7 Vsce

_33_

Collection @ chosun



{ —— 5454

LBLRRLLLL IR LLLLL LY LY UL BRI LLLL L LILLLLL LA
107 10® 10”7 10° 10" 10" 10° 10° 107 10°

Current density (A/cm®)

Figure 4.3 Potentiodynamic polarization curve of Al5454 in 5 wt.%
NaCl solution
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—— 5454
-0.70 -

i
=
|
m

1

-0.80 -

-0.85 -

Potential (V)

-0.90 -

10 10% 0% 10*  10°  10°
Current density (A/cm?)

Figure 4.4 Cyclic polarization curve of Al5454 in 5 wt.% NaCl solution
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Figure 4.5 SEM image after cyclic polarization test in 5 wt.% NaCl solution
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Figure 4.6 Potentiostatic polarization curves of Al5454 at -0.8 Vs
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CHOSUM UNIVERSITY

200 pm
—

(e)
Figure 4.7 Optical Microscope image according to cycle number at —0.8 Vs
(a) 0 cycle, (b) 1 cycle, (c) 2 cycle, (d) 3 cycle, (e) 4 cycle
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Figure 4.8 SEM imgage of sample after 4 cycles at —-0.8 Vs
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Figure 4.9 Corrosion behavior when precipitate is anodic
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Figure 4.10 Potentiostatic polarization curves of A15454 at —0.75 Vs
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Figure 4.11 Optical Microscope image according to cycle number at —0.75 Vs

(a) 0 cycle, (b) 1 cycle, (c) 2 cycle, (d) 3 cycle, (e) 4 cycle
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Figure 4.12 SEM imgage of sample after 4 cycles at —0.7 Vs
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Figure 4.13 EDS analysis of precipitation of sample after 4 cycle
at -0.75 Vg
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Figure 4.14 Corrosion behavior when precipitate is cathodic

_49_

{“/Collection @ chosun



1cycle

& 2 |
c 2.0x10
O
~—
<
=
L 1.5x107
()]
©
I=
()]
=
-} 2
O 1.0x10

T | T T T T ' T . T .

0 300 600 900 1200 1500 1800

Time (s)

Figure 4.15 Potentiostatic polarization curves of A15454 at —0.7 Vg
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(e)

Figure 4.16 Optical Microscope image according to cycle number at —0.7 Vg

(a) 0 cycle, (b) 1 cycle, (c) 2 cycle, (d) 3 cycle, (e) 4 cycle
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Figure 4.17 SEM imgage of sample after 4 cycles at —0.7 Vs
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