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Abstract

The corrosion behavior of metals and alloys for the safety of offshore structures in seawater was investigated
for the application of sacrificial anodes. The experiments were focused on the polarization behaviors and
the surface morphology of each metal after experiments. Pure Zn, pure Al (Al11050), Al alloys (Al5052,
Al6061), Mg alloys (AZ31, AZ91D) and steel (SCM440) were assessed in 3.5% sodium chloride solution
by means of potentiodynamic polarization to verify the galvanic corrosion potential (Eco.). Potentiostat plots
were plotted to compare the surface and corrosion current density (icoue) Of metals as sacrificial anodes in
seawater to protect steel alloy as a cathode. Al alloys showed the best performance as a sacrificial anode,
on the other hand, Mg alloys showed overprotection behavior. The surface morphologies of sacrificial anodes

were observed by FESEM and compared.

Keywords : Sacrificial anode, Corrosion, Galvanic corrosion pofential, Al alloy

.M B

F7F A B Al @A T AR oYy
A A o] H XA} s ouA]el tht
o] ok sFTEES o83 o] olFA L
A, HFEHE, FPSO 5 HFTES =& F
27 874 sl =F o] A W AL
[7EY. 53] sl <A BlYth(splash zone)®l
735 i Bl 30920 3mgm’e] HstEH =
ST w2l F457] 7P A9H, o] 5
3 Sd=d o Fadse] FHol 9

*Corresponding Author : Jae-Ho Lee

Dept. of Materials Science and Engineering, Hongik University
E-mail : jhlee@hongik.ac.kr

X)), 212 (cathodic protection)H <! 3] A8
2 604'd HHE sFTFEE HEH A
Aoz ALy Y= Hol—/klmo];]}) /Hl:ﬂ-o] 7o
uj e} Ao FAx| e s FEAEe] A

of siste 2Pl s|AWYFES A sk= 2
da] 200, = Sl Y=(anode) FE5S
(cathode) 3| FTx=Eol A4 HAAE T+
A AFsHES- (] SR8 Y= Aolg 7
A& oxgt A0 R sl AXE ASF
S 29 1o YERAAT

obdl, hvl, LTUIES

o T
Al

o
ko E o o [o
oy T ol Xl

l

HAFSF ARA

Age 471538 4L AW AHgse] gk of
e A e FAAIN(EE FUH 27}
YT ¥ ALY 2T o] FHE Fopol A1gH



Lo

3] 48 (2015) 68-72 69

Protected
Structure
(Steel)

—

A= aAr < Seawater

120H

v

Sacrificial Anode(Al) —
9
*6
"o

Anode Connection —>T_
—

12e

Fig. 1. Simple image of cathodic protection by Al
sacrificial anode.
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Table 1. Composition of metal and metal alloys

Composition/wt%
C Fe | Mg | Zn | Al
Pure Zn - - - Bal -

Pure Al (AI1050)| - - - - Bal
Al alloy (A15052)| - 04 | 25| 0.1 | Bal
Al alloy (Al6061)| - 07 | 1.0 | 03 -
Mg alloy (AZ31)| - - Bal | 1.0 | 3.0
Mg alloy (AZ91D) - - Bal | 1.0 | 9.0
Steel (SCM440) | 0.4 | Bal - - -

Wtk A AELS Arkg SiC paper 200 ~2000 grit
9} 0.1 um alumina powder®Z polishingste] 2]
Absters AAsSIY FRTE 229 Al
Potentiostat/galvanostat 4H]9} =% WA 1 cm’2
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g. 2. Potentiodynamic polarization plots of metals
and metal alloys in 3.5% NaCl solution.

Ec - Ea = IRe + I]Rm (1)

R. : Resistance of the electrolytic portion of the
galvanic circuit
R, : Resistance of the metallic portion

E. : Effective potential of the cathodic member

of the couple

E, : Effective potential of the anodic member of

the couple.
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Table 2. E..r and Egoype Of materials

Materials Eeonr Eoupie
Steel(SCM440) -635 mV

Pure Zn -982 mV -954 mV
Pure Al(A11050) -969 mV -649 mV
Al alloy(A15052) -686 mV -644 mV
Al alloy(Al6061) =775 mV -672 mV
Mg alloy(AZ31) -1460 mV -1380 mV
Mg alloy(AZ91D) -1550 mV -1410 mV
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icor : The corosion current density(A/cm?)

M : Molar mass of the metal(g/mol)

z : Number of electrons transferred per metal
atom

F : Faraday’s constant

p : Density of the metal(g/cm’)

R H ol A

PR o P
g AR, el 44, 340 UE gow

olgM 18 3l 7

dZ7Fs sttt ¢ A& g
=2 FAARE Ueille AZ310] BE IS
Hop Wy gejEm FHERE MY wes &
Atk 27 3(b)elA AZ313} AZ91DS] FAHF
o] Ag o=y MAERIT. ol SE3] W
< BT A9z A8 e Favkert 5%



o|21% &]/gk=RHFE3] 48 (2015) 68-72 71
10 10 ‘
@®:1hr
9 9k Q:6hr 8.9
- O &58
— B [ \ 8 O
5 L
E 9F < 6
= P E | ‘
2 5L /[ Az91D = 5[ :
s ‘» ; i K + :
8 4l s T : : : . 436
£ a 4r . 370 ‘ 18
£ 3 [Purezn B N c L b 2 :
8 A = 2 3% ! 28@ ‘
2+ =] r - 2. @ 4
Zanoso__ A19052 S 2 (
1 AI6061 i ‘ !
1+ 0.89
o A . ) . ) L 072
0 600 1200 1800 2400 3000 3600 1 1 i i i |
. Pure Al Al6061 AI5052 Pure Zn AZ31 AZ91D
Time(sec) .y
(a) aterials
0T Fig. 4. icoupe for different sacrificial anode.
gl AZ31
I N
e
o
<
£
=
2]
3
o 4T Ppurezn R
= Sap—
g af —
3 /" AI5052
2 ﬁ TS
. AI60N61 ~AI1050
0 f 1 1 1 1
0 1 2 3 4 5 6
Time(hour)

(b)

Fig. 3. Potentiostatic polarization plots of metals and
metal alloys at Eoype in 3.5% NaCl solution for
(@) 1h, (b) 6h.
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Fig. 5. Surface morphologies after potentiostat experi-
ments at Eupe for 6h (a) Al1050 (b) AI5052 (c)
AlB061 (d) pure Zn (e) AZ31 (f) AZ91D.
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