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This investigation assessed the mechanical, electrochemical, and cavitation-erosion properties of Al-Mg
alloys subjected to multi-step anodization under marine conditions. The results of indentation tests showed
a significant increase in surface hardness with more anodization cycles, indicating the formation of a
thicker, more compact oxide layer. Potentiodynamic polarization measurements demonstrated a decrease in
corrosion current density, attributed to the enhanced barrier effect of the thicker oxide film, which effec-
tively reduces seawater penetration and ionic transport. Cavitation-erosion tests in natural seawater
revealed that anodized specimens experienced significantly less weight loss compared to the bare sub-
strate, indicating improved resistance to material degradation. However, despite the increased hardness, the
ceramic-like oxide layer was prone to crack initiation and propagation under repeated cavitation impacts,
leading to localized brittle fractures and partial delamination of the coating. Overall, while increasing the
number of anodization cycles greatly enhanced both corrosion and cavitation-erosion resistance, the struc-
tural integrity of the oxide layer remains a crucial factor for long-term durability.
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Table 1. Chemical composition of 5083-O Al alloy (wt%)
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EFFECT OF MULTI-STEP ANODIZATION ON THE CORROSION AND CAVITATION-EROSION BEHAVIOR OF Al-Mg ALLOY IN
NATURAL SEAWATER

Table 2. Chemical composition and properties of sea water

Main component (mg/L) . Dissolved oxygen Electric conductivity
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Fig. 2. Potentiodynamic polarization curves with anodization
step of Al-Mg alloy

Table 3. Results obtained by Tafel extrapolation method for
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polarization experiment with anodization step of Al-Mg
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Fig. 4. Surface roughness and maximum damage depth after potentiodynamic polarization experiment with anodization step

of Al-Mg alloy

819 um} 5.613 um= 714 2|

egzel 247t o
WA o218 B FAAR AU 42
SARFUE Aol BAF A Ve

o
Fig. 5 392544 zdff* /\1%—”‘4 7188 &
al 3 3 AF7|of FHehEdzlo]
£ Ao nudt Jlojuh mAje] A, A9 d¥
] How %}%o}oﬂbtﬂ o=
e el BAE GGkl 9
3 EREge] AstESSE Auletth ¥, =tk
Aejd AEES Y XWA AR7] @ Hjadzlo)
© T AolE YEhA] ok ARl A5 vekh
=absket Al A9 Ay §-9 Ao|r) F=Atst
o] %7} SrE 7FAEe SRS VERILE o]= oF
AHeked Skl mek WA do] o] Hul 2l
{er 9 gho] At Zlo g Almdrt o
e EAtEA g7 A7) skekA gRdEE A
= uAS] kR R 2o 9 &
= E
S

]
e 5 A718kets S4S nAsh 98
]

OH
0_|.4

10 19 O O I ok o2
ot
I
e

CORROSION SCIENCE AND TECHNOLOGY Vol.25 No.2, 2026

)
b
32,

T
2u!
2

e

A}, BAC A 7P s Ewito)
Fell= Auldold 712 B Al

FAGe G 2 32 &4 AR

go] FElskAl BAEH. ol 24 Wdel
ST 71X 54d0] v wkde Ay o
o RbE, bS] SRS EEET A
g sk AES Ytk 1 9| k=
| vlal 2 ©A] AejE AlEe] mEe

271 Avk FeiE vz & fAEk dsler, 4

o fE

& o
S
ol
rSL'

Y,

(]

o

L O B b 10 Al o
fo e pm o

EME} 7HH1 Jo
ol A, 1w 1

Hof|M ] FARATS] F2 2H2} 4.05, 2.08 123l
0.77 mgl 2 AFEE ATt 29 F=AkstA el st AlEd
o] Ffulglo] -4 A do] 7P 43l o, BA)
o] A 7P e Xﬁ;*é—% vehfo] mdzy) wd
o AES UeRAL ol SFAkEEl Skl wek
¥ Absta]dto] BAjRTE 3t 7A1F 5AoR
HIE] 2] o1 Ao tish Aol IE Y] bl
2 3k, dRkFow sinlEHold FHAA AL Al

5o ZuAE Bl igeueh WA AE vt
Ak (311 ¥laA Aide] Ei, Aot v dRulE

135



KOANGYONG HYUN, DAEMUN KIM, AND SEONG-JONG KIM

—{ 1 Before
—O— After

Surface roughness, pm

" 1 L 1
BM 1 Step 2 Step
Anodizing process

@
12

—{1— Before
—(— After

g ot

g

[="

&

=

)

s O

g

=

=

b

=

= 3t

0 1 1 L 1
BM 1 Step 2 Step

Anodizing process
()

Fig. 5. Comparison of surface roughness and maximum
damage depth after potentiodynamic polarization experiment
with anodization step

< AlEleld 71 S A sk mlelAw A Eg)
AT AEHOR wEd A, 2ol AT &
/driEe] AT [32]. o]® <ls) vlZado] EAgs)
A AupEe] A= A gelEs AREde] 7R3t
ok g, F=Arsk gl Qe 949 dFTILHALO;)
7IREe] v vekE: RAjef Bjsl 4
7RI FEAkske ol SUESE dut AT ST
atol, FiulElold SAUAE ad 0w Foehv
LA dEds AT JoR Alndn. Ayt
2o g st Aksl|eie] 13t AFnlE VXS BE
o gN HAAEEE XAA7|a EAESES A=
ol 7]ejst Ao ghert,

Fig. 72 ZulEjo] A4 e & A d7| 9k Foh
&zlo] S4d ol AnlEeld-AA A9 ¥ 3D

olrt
ol
H
o
)
i
i

[}
_—

136

Anodization step

Base metal

1 Step 2 Step

(@

" 1 " 1
BM 1 Step 2 Step
Anodizing process

W)

Fig. 6. Optical observation (a) and weight loss measurement
results (b) after cavitation-erosion experiment with anodization
step of Al-Mg alloy

ZE RS o]gsto] THAEY|eL HjEdzle] 54
A= ARk A el 33842719 B9 1
WA} 29 FSAEEA R Al A RTE v
e Yehfo] AdikAel 39 fxEe ks g9l
skelet. 2eiu Holsdzlols 194 oF=Atkst Al
o] 14627 um=Z 7}4 Zow, 26HA(82.84 um), FA|
(35.37 um) =02 YERY 938 BA} 7P 2 &
‘FzlolE el o)== Fetan A i Aael <A
stol Al e o, AU FE] Aol Z]Qlgit). BA)
+ FiRlElo]d FA oJal A om Eido] 313
o] Hofl 3537 ume] &4 ZlolE YERH o, 540
E JeE &4 HEEA okt v, F=AsE A
AA ol g AHARI &4 AghAo]gl oL, HHEA]
ge] oJal =71 vhE7t #EE I} o]
EzH 7R Lol FASe] AFEwA 2
FEE =AUt webe Bl vl il e
S XS UERE b Holdzlol = AdtiA e
S UEbta, FEARE Al SAQ) &
o7 Qlal) Hri&A zlol7h o A vehd Zlow v

&
2

of K 2
(o]
Sy

Kan

A
a

9
l"l‘; ofh
4

.

flor

X
0,
¢
-
o
of

CORROSION SCIENCE AND TECHNOLOGY Vol.25 No.2, 2026



EFFECT OF MULTI-STEP ANODIZATION ON THE CORROSION AND CAVITATION-EROSION BEHAVIOR OF Al-Mg ALLOY IN
NATURAL SEAWATER

3D image 2D profile
80
D s
= 5
2 I . |
g 0 50 100 150 200 250
Length, pm
21“744 a0
- i - - | e R S < B O A T S ey PR e :
— a g g R T M S R v S I P P U L5 SR 5 S NEIT S SN 2 St S R e = s
0 ¥ B 146 27um
g § =
1= = 9% 20 100 150 200 250
§ - Length, pm
g‘.
=] Sa : 1.526um iq 150
@ | -
k) .
&
o
Length, pm

Fig. 7. Surface roughness and maximum damage depth after cavitation-erosion experiment with anodization step of Al-Mg
alloy

Es k 5 hyz 2 hy2
Hrh. 53] 194 F=AksE Aldo] 29l A7) Al A s
HlEl] o Ash S48 vebd A muke] Ae, AdE Base Metal
W W= zjolo]] 7)91Eke] Hhalzl AbtA oi g3} | ‘ \15’trep | 2 Step

A A o gekE, oeldt Aol wElA
g 34N FaE= T3t oS dAdskAl #d
At} I2ALQAF B3R NS o] &3 o HTAL X}

H
GBI FAE Aselee] BRAd 7T AR LS
%9} AL A AsF] 3 xgq_g_ AAn)sk [33-35], ©] i { g 1
o ok
el Fed mAE 9S FHe] S 23k &= Fig. 8. SEM observation results after cavitation-erosion

Abs) A 7|2 A e /\g?\j QX7 Aoy 1 A3 ® experiment with anodization step of Al-Mg alloy
dEE 1 7AT vk R FAE, olHg 7
Z A EXO 1_1_‘_4 Ea;ﬁ O]—Zﬁ/ﬂl,]. 7_1]133 UTZ]—Q S ?51:

-7 71 O

:L

BA7IE Fo eqlew Agehs o ydbdnt wbd, SAs Al AlgR e e i ow S
[36,37]. HQl FAEAe] F5lsh vebkon, o) 3D muk
Fig. 8& 7Aulelol a4 A9 § &9 Agae]  Aolxe] Hrjidzlo] A} dAshe S e
FARARAYE w2 Aok, mAle] g, 3 Ank ok n o] Ak Abet 48 kg vt
ol A7 7julelo]d 7|29 vERARl Fafol] gk & U, WESHRL AHES] S o8 mEA] =
Aot Aozl & Exjo] FHslel a=glen, @ A wde] due 9l A Aws HERin
578 F97F A slols wA FHe AeAQl &gl [22]. 53] wiElE 2w A2 71A) 24o] Ao
FHACR WHH ol A AR LFrE V] 2 mFHUAM FAge] ATH0] 2E due] 554
A0 B, AulElel] ost TAIAZE W AAT W 2 e 2R Ao% Amdr.
GAA Eo] vl FAsHA ARSIk Fig. 9= sl-abdell ] dmlg el #4957 &

CORROSION SCIENCE AND TECHNOLOGY Vol.25 No.2, 2026 137



KOANGYONG HYUN, DAEMUN KIM, AND SEONG-JONG KIM

sea water
cr + »
Na* H o OH
OH
Na*
Surface(cathode) cr Al(OH),
P 1 JALO,
\ [ " Oxide film
¥
K
_/ Pit(anode)
Al

Aluminum alloy

(a) localized corrosion mechanism [38]

sea water
cr + :
Na* H o OH
OH'
Na*
Protected Surfa ¢
rotecte urface H OH
Anodic Oxide Layer
Aluminum alloy

(b) corrosion protection mechanism
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