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The Study on the Characteristics of
Cavitation damage of Al-Mg alloy

Kyung-Tae, Shim

Department of Mechanical Engineering, Graduate School.

Pukyong National University

Abstract

The propeller of ship is three components part of ship along
with hull, engine because affect high speed, energy expenditure
and hull implantation etc.

Lately, there are most vessels that use Al-Brass for propeller, but
small size ships use Al-Mg alloy for high—-speed and economy of
energy by light weight.

Industrial development and income increase causes rapid increase
in using fossil energy like coal, petroleum and natural gas, and it
results 1n accelerating environmental pollution owing to the
increase 1n emission of air pollution substance. Specially, fresh

water like stream and river water, it 1s acidified and specific



resistance 1s decreased. Therefore, corrosion damage is accelerated
in propeller of ships that is using acidified sea water.

Due to the increased occurrence of cavitation erosion—corrosion
in Al-Mg alloy in a contaminated ocean environment, there i1s a
nced to study of the characteristics on the process of cavitation
€rosion—corrosion.

In this study, general corrosion and cavitation erosion-corrosion
characteristics of Al-Mg alloy were tested in the sea water.
Corrosion tests of Al-Mg alloy was carried out under the various
pH. And thus polarization resistance , Tafel polarization, cavitation
erosion—corrosion rate and cavitation erosion—corrosion mechanism

behavior of Al-Mg alloy for propeller were investigated.

The main results obtained are as follows ;

1) According to weight loss of cavitation erosion—corrosion by sea

water in various pH 1s increased in pH6.7 < pH4 < pH2.

2) According to micropit’s formation by cavitation erosion-corrosion

damage 1s developed from border region into central part.



3) Growth of Al-Mg alloy’s micropit by cavitation erosion-corrosion
1s bring to destruction of passive oxide film by mechanical erosion

and electrochemical corrosion’s synergy effects.

4) Mechanism of cavitation erosion—corrosion rate in pH6.7 has
four distinct period, incubation, acceleration, decleration and steady
state period and pH4 has incubation period, accelerate period and
decleration period appeared long term but in pHZ has three distinct

period without incubation period under sea water.

5) According to decrease of pH, open circuit potential becomes
noble in sea water. And corrosion current density is increased

in pH4 < pH6.7 < pH2Z.

6) Corrosion rate of Al-Mg alloy is increased in pH4 < pH6.7 <
pHI1, and corrosion rate shows tendency that increase as acidified

from pH4 to pHZ2.



Nomenclature

t : Test time (sec)

p . Specific resistance (2 - cm)
SCE @ Saturated calomel electrode

E : Potential (mV/SCE)

i . Corrosion current density (1A/cm®)
Teor © Corrosion current density (LA/cm?)
CR : Corrosion rate (mmpy)

d . Density of material (g/cm®)

EW  : Equivalent of material (g)

R . Corrosion—erosion rate (mg/min)



EC()r

T.S

Wt

Wi

. Polarization resistance (kOhms)

: Corrostion potential (mV/SCE)

: Tensile strength (kgf/mm~)

weight loss (mg)

: Chemical composition (29)

: Total weght loss (mg)
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Chemical composition(Wt%s) Mechanical properties

Al Mg | Si |Mn| Fe | Ni | Cu T.S(kgf/mr) Elogation(%)

Remain | 3.00 | 0.10] 0.73 | 0.31 |0.04 |0.02 145.1 12

* TS : Tensile Strength
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Fig. 12 Progress mechanism of erosion—corrosion rate by cavitation

..32..



Aulelo] A FA - Ao gakg W= Al-MgHsrAle]l sjue ol

N

A -5 o] Ay g adst At Fig 139 dlF S MIAG 25
Q - em)FNM Al-Mgda#ae 7 @78 AA-24 H5s 23 A

ol we} Helete] theb 2ol

| . e i ‘ ®- pH4
= 028} + pH2
E i
>
£ 026
o
o 024}
..(G "Q\
- oo
S ozt
(7}
1
8 020 +
c
Q
g o N,
R
i
0.16 |-
1 N 1 N i | 1 L 1 N 1
0 50 100 150 200 250 300

Test time, t (min)

Fig. 13 Erosion-corrosion rate of Al-Mg alloy by cavitation vs.

test time in various pH of sea water(p=252 - cm)

A fF FolAM e shulEo]l el o HA-FA Hr=

pH2 > pH4 > pH6.79] o= T ZHgS el Qo

_33_



pHE79] &7l A= 7] AAAARH 30 2744 5718 Kol
A de AFAzE § 3080l dytElwA F7k717F vebd o]
g &= Aol del] AAE Y] FA G os w&xdol
o Rojv 50we] AaEwA A sl wAsHA Srhet, 80
AolA AR A &g vEbdth 12080 AatEw 7] @Al o] <

e BolFar vk 250%o0] AatEHA S A e ade]
dw Qe AujEiol Aol o)Fk VAA Ao oFspm HA %A
H7b = ARA kel TR FlojE Aow dE
pH4= pHE.73 wisedh ofade] 7] IS Holxwk Hd 34
&0l pH6.7el vla] WA B u 70%o] Ayt EdEo] w4
sl S7kgkd v - @l wlal Frhrlek Al vle] st
Al e S BolFa glvk pH29| A v E ¢ A= Eel 20

BOoARE RUAE AR 008ANA EAE welFm v

[110

2004-0] A upHA 7R 7] o] AR Hol= e g ddEth 2002

of w27bz7 wAskel AuHl A ARGl FFATL ste] A
ujdlel dol ol A A AAAGe] dare FolEAW obiA 37
o PO pHETHTH: WE PASEES el Ao wuEt

pH2:= T2 % @743 wel Z7b07h 24 dadn AddA e



=
pH29} pHA42] s+l A F7h7] 9} 1H4 7] hAle] Aol A e}
L= dlowii= Al-Mgdta Al 2] s 23k 2Hpassive oxide film)

o] Aol s AA wu e, AujgelMel 23k s AH A A

_35_



Fig. 136 A41= 7in]glo] Aol o)gh 3 A-HA &7+ Fo Al s
7] A7 WEhE A vER A @kormE o]lE arztelarxt o] o
b d3e s Aasiav. A 99 3ro] s AT 25Q -
em)oll ZF pH3H AW R 3% 7tA o R 18E7bA 9] sfujeo]d H AR

Aol tieh A thAl AdAlske] 1 A3E Fig. 1400 WERf A

030 F | —®—pHE.7
* pH4
pH2

025 |-

020 | ; ./
015 |- ,_ ) "/

L - /
0.05

0.00 [P RN SE N R S N SR R
2 4 6 8 10 12 14 16 18 20

Erosion-corrosion rate, R(mg/min)

Test time, t (min)

Fig. 14 Incubation period of Erosion—corrosion rate by cavitation

of Al-Mg alloy

_36_



B4 #AFNAel AuHeld A PALe  pHET > pHd >
pH2S| =05 %717k 27 Ehg melFa vk Fig. e 4=

pH67S 213 UrlA el iz io)e) o] Watahr Eahgl
o} Fig. 14el A% pH2E A9l8k pHASE pHE.79l A= 9% 7b=) 4%
A EAGE welEm drk o] F @AM FHIE Aulgol
Mol AHE 712 FAY ofs] FHEUA LMol AUIRA
waksluto] €A aFol BAHE /o Heldu. ww
of pH2ol #AelME AR FAel @ dFur o 9l

Al-Mgdhstaie] ol sy FAje] whallox ZHE7]e oA

ol

7} 9= Ao g AlmE oY

_37_



T"

43 vl el A A -2 &S

orol 42del A Al Al Hle] A WA -4 7 gel A Fig. 139 A

AP AENE Ao v gpRety] 9iske] Fig. 159 TFig
165 423l A arzka Auieeld Ha-aye] Aol st 2

vhAl o] AR S 7 pHS A 2 e QLT
7] (incubation period)7} 4= # A2l 1870l ZAitw ALzl

A okl ulEold @Ael olg xwel Fiel s meivhx:

Gou, F/1E AR 7229 ARAE AEANHelA £ |
PR Rol e aFo] WAHol FAYE JAAPS WolFL 9

v} pH6.7 > pH4 > pH2¢ o7 pite] 49 Zo] wako g sju]H
ojMd HA-RAS doxls & £ Ao AT kA7 HsgH
o]

| M= 9ol B> aeEe]l FAHJeH, HF

aa7heszt waystel Ajuldlol o) ols) waAlE J]ER ] )] o
£ FA% gl gstgows o F FF vl i

o

k
>
-
b
i
i+

..38._



pH6.7

18 min

pH4
18 min 72 min
pH2
18 min 72 min
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