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Abstract - MS(Mild Steel), HTS(High Tensile Steel), HYS(High Yield Steel), AL(Aluminum Alloy) and Composite Materials are used
or vessels. Steel Materials are mostly used or vessels because body of a ship have to perform the basic finctions such as watertight,
preserving the strength and supporting the equipments. The vessels primarily carry out a mission at ocean, so that body of a ship is
necessarily rusted. There are several methods to protect the corrosion of vessels such as painting, SACP (sacrificial anode cathodic
protection) and ICCP (impressed current cathodic protection). For the sacrificial anode cathodic protection, Al and Zn alloys are normally
used. Heavy metals are added to the Al and Zn Alloys for improving the corrosion properties but they are so harmfil to the human and
environment. Therefore, the use of these heavy metals is strictly regulated in the world. In this paper, Al and Zn Alloys are made by
adding the trace elements(Ma, Ca Ce and Sn) which is not harmfil to the human and environment. SEM, XRD, Potentiodynamic
Polarization test and Current Efficiency test are conducted for evaluation of Al and Zn Alloys. As a result of the experiment, Al-37n-0.65n
and Zn-3Sn Alloys are more eflicient than other Alloys.

Key words - Naval vessels, Sacrificial anode, Corrosion properties, Trace element additions, Al and Zn alloys.
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Table 1 Nominal composition of aluminum alloys
Alloys (wt%) Al | Zn | Mg | Ca | Ce | Sn ATk
Al Bal [ - | - | - | - | -
Al-37n Bal. | 3 | - | - | - | - AFEE (%)
Al-37n-0.6Mg Bal. 3 0.6 - - - -
Al-3An-0.6Mg-0.4Ca | Bal. 3 06 | 04 - - A opro] o
Al-3Zn-06Mg—04Ce | Bal. | 3 | 06 | - | 04 | - BomHE Lz
Al-3Zn-0.6Sn Bal. 3 - - - 0.4
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Fig. 1 Scanning electron micrographs of studied Al alloys
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Fig. 2 X-ray diffraction patterns of Al Alloys

- 279 -



%
o2l
ofo

-960
980 " 1 ——Al
1000 ) —e— Al-3Zn
o} 1n —a— Al-3Zn-0.6Mg
< 10204 AN\ —¥— Al-3Zn-0.6Mg-0.4Ca
& om0l W\ \ —4— Al-3Zn-0.6Mg-0.4Ce
¢ AW —»— Al-3Zn-0.6S
; 1060 4 ’ W o L l
T -1080 -
€
S 1100 -
(o]
o
o 1120
)
2 1140
19}
7
o -1160 -
1180 -
-1200 - T T T T T T
0 1 2 3 4 5 6 7
Time (day)

Fig. 3 Potential variation of Al sacrificial anodes for 7days

313 549 #3449

Fig. 4, 5& 431w 59 719 548 245
A 19 o2 Fig 4& 2 g
o NAAFUEE 717}
Afl= Adxg et A v
st Fig. 3% fAFsSth

a8 wEHFLEE Al-3Zn-0.6Sn 5] 28.3uA/cm? o
2 7H3 ke Pure Al ©] 77.3uA/cm®®E 7HE =gtk A
AF Ag Z %ﬁ% A9 Ay, dr)sEtA
Al-37Zn-0.6Sn #&a°] &= W& AT R 7P A st
thar ks o] i

= [e]
EAL

-1060
w [ ]
25,4030- n
3) | |
< -1100 4
?
>
>_ -1120 4 [ ]
®
€
2 1140 4
(o]
o
w [ ]
'5 -1160 -
k9]
(0]
o -1180
[ ]
-1200 T T T T T T
Al Al-3Zn Al-3Zn  Al-3Zn  Al-3Zn  Al-3Zn
-06Mg -06Mg -06Mg -0.65n
-04Ca -04Ce

Fig. 4 Corrosion potential of each Al alloy

Al B 7n 3 AF=9) 28

=2
=
rlr
et
N
)
o,
[
o2
o

90 -
T 80
< 70
= o
2
E 60~
S u
= 50
o | |
3 40
&
= 30 4
o | |
|}
220
10 T T T T I T
Al Al-3Zn Al-3Zn Al-3Zn Al-3Zn Al-3Zn
-06Mg -06Mg  -06Mg  -0.6Sn
-04Ca -04Ce

Fig. 5 Exchange current density of each Al alloy
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Table 3 Quantitative results of Al anodes efficiency

Effective .
. Efficiency

Al Alloys Capacity (%)

(o]

(A.h/Kg)

Al 2,298 77.1
Al-37Zn 2,598 87.1
Al-3Zn-0.6Mg 2,602 87.3
Al-3An-0.6Mg-0.4Ca 2,657 &9.1
Al-37Zn-0.6Mg-0.4Ce 2,348 78.8
Al-3Zn-0.65n 2,712 91.0
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Table 4 Quantitative results of Zn anodes efficiency

Effective Capacity Efficiency

Zn Alloys
(A.h/Kg) (%)
7n 720 87.8
7Zn-0.55n 740 90.2
7n-1Sn 759 92.5
7Zn-2Sn 786 9%.8
7Zn-3Sn 301 97.6
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