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The cavitation and potentiodynamic polarization experiments were conducted simultaneously to investi-
gate the effect of cavitation amplitude on the super austenitic stainless steel (UNS N08367) electrochem-
ical behavior in seawater. The results of the potentiodynamic polarization experiment under cavitation
condition showed that the corrosion current density increased with cavitation amplitude increase. Above
oxygen evolution potential, the current density in a static condition was the largest because the anodic dis-
solution reaction by intergranular corrosion was promoted. In the static condition, intergranular corrosion
was mainly observed. However, damage caused by erosion was observed in the cavitation environment.
The micro-jet generated by cavity collapse destroyed the corrosion product and promoted the repassiva-
tion. So, weight loss occurred the most in static conditions. After the experiment, wave patterns were
formed on the surface due to the compressive residual stress caused by the impact pressure of the cavity.
Surface hardness was improved by the water cavitation peening effect, and the hardness value was the
highest at 30 um amplitude. UNS N08367 with excellent mechanical performance due to its high hardness
showed that cavitation inhibited corrosion damage.
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Fig. 1. Schematic diagram of cavitation-electrochemical cell
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Table 2. Chemical compositions and properties of electrolyte (wt%)

Main component (mg/L) Dissolved Electric
N ] + + N . pH oxygen conductivity
SO4 Cl Na K Mg Ca (mg/L) (mS/cm)
Sea water 1746 15721 8401 344 1121 357 7.90 16.1 453
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Fig. 2. Potentiodynamic polarization curves of UNS N08367
with cavitation amplitude in seawater
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Table 3. Electrochemical parameters obtained from potentiodynamic polarization curves of UNS N08367 with cavitation

amplitude in seawater

Lo (MA/cm?) Eeon(V) E,
Potentiodynamic polarization (static condition) 2.45x 10" -0.155 Over E 0,
Potentiodynamic polarization + 10 pum 13.2 x 10" -0.140 Over E 0,
Potentiodynamic polarization + 30 um 21.2x10* -0.211 Over E 0,
Potentiodynamic polarization + 50 pm 101.5 x 10™ -0.271 Over E 0,
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Fig. 3. Surface roughness after potentiodynamic polarizartion experiment with cavitation amplitude of UNS N08367 in
seawater
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Fig. 5. Surface morphologies after potentiodynamic polarizartion experiment with cavitation amplitude of UNS
NO08367 in seawater; (a) Potentiodynamic polarization (static condition), (b) Potentiodynamic polarization + 10 pm,
(c) Potentiodynamic polarization + 30 um, (d) Potentiodynamic polarization + 10 pm

360 ‘ . ‘ T
- @ - Static condition
- A - Ampli 1
:|:> a0 | p !tude, 0 pm
3 - B - Amplitude, 30 pm
g - O - Amplitude, 50 pm
g 320 =
K-
2
2 300 A
L
5
g . o)
L 280 L4
=
260 0um 10 um 30 pm 50 um
Amplitude, pm

Fig. 6. Micro-Vickers hardness after potentiodynamic
polarizartion experiment with cavitation amplitude of UNS
N08367 in seawater

= 7MvEe] FAYe R
Q13 el JF2F-go] FAE Arjeltt [20,21]. X
Z 30 umolA 7HE = o] Yepd whd 2%
S0 pme A= 2REsHAl 2 SA AR ]ls) ErelA
F2lo] wAgste] W ARV SRR o A Efe
Tashs AEe veRT [22].

Fig. 72 Zddlgolr 773 exEUolE A<l x
7} UNS N08367¢1| thsto] 2] ez} sinjelo)d 3+
oA AAgE TS BT F EF ARE AN
2 By g FARASE 34 A9s YR Zo)
th 3 ol FH9 BN AAE F9 F)
w8 141 meo| AnEo]A 004 A8 F3
9 B=A8 o] Axp RZ 10, 30, 50 um F7ie)A] 247t
0.5, 0.6, 0.7 mg2] FAAZS et} ole} 2o 2
IH= Hwang 5©] AAISH dAs|gelr &Frlg &=

lu o
N o,
Frt
=

CORROSION SCIENCE AND TECHNOLOGY Vol.21 No.2, 2022



EFFECT OF CAVITATION AMPLITUDE ON THE ELECTROCHEMICAL BEHAVIOR OF SUPER AUSTENITIC STAINLESS STEELS

IN SEAWATER ENVIRONMENT

15

E= static condition

Amplitude, 10 um
Amplitude, 30 pm
[ Amplitude, 50pm

=y
o
T

(3]
T

Weight loss, mg

7 ZEN N
Static 10 um 30 um 50 um

Amplitude, pm

Fig. 7. Weight loss after potentiodynamic polarizartion
experiment with cavitation amplitude of UNS N08367 in
seawater

§061-T62] Aulelold g3 A7|shersl gt
= AS Jepdc (8] 4F0E 35 6061-T60] 7
© BA BANA AT} TP % ‘}ioﬂi 7hulEjo)

AZo| ZNAFE EAREIL F/A ST 3
o] B9 AYAnE AP 27l Aulelolde] o5t

HAFEYH R st AU o] st mlo]a =

Eof oJgt 2|2l el gJsf &2l dAAE dol
e Fajo] dhAgit} [21]. 2y LU EA A
A7 9 AulEol A s g osh SHow
HEG7] nl2Elrjo)|E Hef7} WSl y-austenite o
martensite F1EI7} 32l FL3HA EAYsto] W2 d ) 3
21 Aol E T [24].

Fig. 82 7] 273} 7mlelold 2ol UNS N08367
o] EFdAEE B2 g Zlojn. HAsre okdy
de] dstE §How A7FE2 7] (Self-propagating
mechamsm)oﬂ olg|] F-2Jo] 7i&slEn). e A

2 53l oFFE- AbEoll A Fell oFEg3f HEE o F &
/HE] Fe¥* o]2o] E8A]o] HAIAIE Fe(OH) = aﬂ/\-]
SHA €tk Fe(OH),; = Fe*' o]o] A whx] vrhA] 3
& AR zdsh, CF o] A 38 T s 4
L8] 7)ol FAETE wbA, Fe(OH)2] U &
2o dgHE FRE AAsHAl "k [25]. o] =R1S
o] FEHhg o] FEH Sy A
oA 2lo] ZiEstE . e Au] ol £

A= mlo] T2 A E o3k WEo & olF] BAMAGE)
HAHE RO sk UA R Qe FAAAES BAZS
y gedn gl e osh A&5AQ1 Mg R
af T ES] Y2 a7t wgskA HH =4

AEEI] QIR S ENe R AT XS

2
o

il

kel

111 Y l
3% |o
(e

CORROSION SCIENCE AND TECHNOLOGY Vol.21 No.2, 2022

0, + H,0 cr

Porous cap
Fe(OH),
<4
Passive film v
‘ Fe2+

Acid chloride electrolyte

Cl- + H,0 Fe(OH), + 2HCI
Y =
Fe2+

\ Anode : Fe - Fe?* + 2e

v Cathode : 1/20;, + H,0+ 2e- — 20H-

UNS NO08367

(a) Self-propagation mechanism

Fe(OH); \V Cavity collapse
\/Micro-jet

Passive film .
Inertia force

<

Repassivation + C residual stress

v UNS N08367

(b) Corrosion suppression by ultrasonic cavitation

Fig. 8. Schematic diagram of self-propagation mechanism
and corrosion suppression by ultrasonic cavitation

FENT A S 1S v AF-sEET
[26,27]. ©WFA, Fig. 28] AL =404 + 1.2 Vg,
9] o] % AFHErt 44 el vls] w2 olf= A
Hlg[o] o] HA =S AAstL W2 akAg) vh-g-sh
of A-Eelst HHA F=Ealtsg oA Avtw &
@t = Qlnk o)9h 22 HAik= 233 dslkEel 9
Sk UNS S316039] 324437¢s AIAIZ Vasyliev 5<]
AAzel AX|Shch [28]. UNS N08367% o] z1%o]
7ol whet A ARS] 2ol7F A 8] HHAlsHA] S
o] d AdHdo] w& Am= sfulHeldS RSt
of H2 BAE AL o UG wEbA, 73 2|
Uo]E ~H|QlE] A7 UNS N083672] A2 €73} 7n)
Hold el A AR Aol e B g
Al e mlo] AR A ES] FANE A avet &
FAR-H o R QI MigRY] vi=dAlo|E BiEjE &
o

A el Aste Aledd.

jus

»

g4E

7 eAEUo|E AE18] A7 UNS N083672] %171
gt Aol wA Anlelold x%e] Gl wet
At A= oy gk

1. T4 B2A38 Ayt sju|golde] XFo] )k



HO-SEONG HEO AND SEONG-JONG KIM

v ARRA FAo® Qe
] AFUET M w2 AE UER
2. 37 @7x 9 £ o
u AulElol A S elAE 2ol o9t o] T2 ¥
il—g]oh;]_

3. FAREATS 44 $elA] 7 A Uk o
o= 7inlHe] el ofsf F-2284dE?1 Fe(OH)y7} 3137 ¥
A e 9eke) ARE e £319 kSRS ¥
os EARl A&t digt Agdo] ade At
2 AbsE

4. M) FAY e 28] Anmwe] 4HAFE
o] -gxagq 57} AOPOOF e AnjElo)d &yt

aAte =

AR AYow oﬂohr*wrwlz%
ko] Z=alw O:]:FLO](}dtﬂ- HE 7]y
A A AE AE g QA T,

a9 Has
AEAAZ F

References

1. K. Li, M. Wu, X. Gu, K. F. Yuen, and Y. Xiaoa, Deter-
minants of ship operators’options for compliance with
IMO 2020, Transportation Research Part D: Transport
and Environment, 86, 102459 (2020). Doi: https:/
doi.org/10.1016/j.trd.2020.102459

2. N. R. Ammar and I. S. Seddiek, Eco-environmental anal-
ysis of ship emission control methods: Case study RO-
RO cargo vessel, Ocean Engineering, 137, 166 (2017).
Doi: https://doi.org/10.1016/j.oceaneng.2017.03.052

3. L. Dahl, Corrosion in flue gas desulfurization plants and
other low temperature equipment, Materials and Corro-
sion, 43, 292 (1992). Doi: https://doi.org/10.1002/
maco.19920430610

4. H. K. Hwang and S. J. Kim, Electrochemical Character-
istics of Superaustenitic Stainless Steel with Temperature
in Sea Water, Corrosion Science and Technology, 20, 391
(2021). Doi: https://doi.org/10.14773/cst.2021.20.6.391

5. S. Ghosh and T. Ramgopal, Effect of Chloride and Phos-
phoric Acid on the Corrosion of Alloy C-276, UNS
N08028, and UNS N08367, Corrosion, 61, 609 (2005).
Doi: https://doi.org/10.5006/1.3278197

6. J. D. Fritz and R. J. Gerlock, Chloride stress corrosion
cracking resistance of 6% Mo stainless steel alloy (UNS
N08367), I, 135, 93 (2001). Doi: https://doi.org/10.1016/

10.

11.

12.

14.

15.

S0011-9164(01)00142-4

. A. 1. Karayan, E. M. Visuet, and H. Castaneda, Transpas-

sivity characterization of the alloy UNS NO08367 in a
chloride-containing solution, Journal of Solid State Elec-
trochemistry, 18, 3191 (2014). Doi: https://doi.org/
10.1007/s10008-014-2566-0

. H. K. Hwang and S. J. Kim, Electrochemical Character-

istics with Cavitation Amplitude Under Cavitation Ero-
sion of 6061-T6 in Seawater, Corrosion Science and
Technology, 19, 318 (2020). Doi: https://doi.org/
10.14773/¢st.2020.19.6.318

. D. M. G Garcia, J. G. Anton, A. 1. Munoz, E. B. Tamarit,

Effect of cavitation on the corrosion behaviour of welded
and non-welded duplex stainless steel in aqueous LiBr
solutions, Corrosion Science, 48, 2380 (2006). Doi:
https://doi.org/10.1016/j.corsci.2005.09.009

R. M. F. Domene, E. B. Tamarit, D. M. G. Garcia, J. G
Anton, Repassivation of the damage generated by cavi-
tation on UNS NO8031 in a LiBr solution by means of
electrochemical techniques and Confocal Laser Scan-
ning Microscopy, Corrosion Science, 52, 3453 (2010).
Doi: https://doi.org/10.1016/j.corsci.2010.06.018

I. J. Jang, J. M. Jeon, K. T. Kim, Y. R. Yoo, and Y. S.
Kim, Ultrasonic Cavitation Behavior and its Degradation
Mechanism of Epoxy Coatings in 3.5 % NaCl at 15 °C,
Corrosion Science and Technology, 20, 26 (2021). Doi:
https://doi.org/10.14773/cst.2021.20.1.26

R. Sriram and D. Tromans, Pitting Corrosion of Duplex
Stainless Steels, Corrosion, 45, 804 (1989). Doi: https://
doi.org/10.5006/1.3584986

. R. Magnabosco and N. A. Falleiros, Pit Morphology and

its Relation to Microstructure of 850 °C Aged Duplex
Stainless Steel, Corrosion, 61, 130 (2005). Doi: https://
doi.org/10.5006/1.3278167

M. Sakashita and N. Sato, The effect of molybdate anion
on the ion-selectivity of hydrous ferric oxide films in
chloride solutions, Corrosion Science, 17, 473 (1977).
Doi: https://doi.org/10.1016/0010-938X(77)90003-8

Y. S. Kim, Synergistic Effect of Nitrogen and Molybde-
num on Localized Corrosion of Stainless Steels, Corro-
sion Science and Technology, 9, 20 (2010). Doi: https://
doi.org/10.14773/cst.2010.9.1.020

. H. Y. Chang, H. B. Park, Y. S. Kim, S. K. Ahn, and K. T.

Kim, Compatibility Evaluation for Application of Lean
Duplex Stainless Steels to Seawater Systems in Nuclear
Power Plants, Materials Science Forum, 654-656, 382
(2010). Doi: https://doi.org/10.4028/www.scientific.net/

CORROSION SCIENCE AND TECHNOLOGY Vol.21 No.2, 2022



EFFECT OF CAVITATION AMPLITUDE ON THE ELECTROCHEMICAL BEHAVIOR OF SUPER AUSTENITIC STAINLESS STEELS
IN SEAWATER ENVIRONMENT

17.

18.

19.

20.

21.

22.

CORROSION SCIENCE AND TECHNOLOGY Vol.21 No.2, 2022

MSF.654-656.382

M. Asaduzzaman, C. Mohammad, Mustafa, and M.
Islam, Effects of concentration of sodium chloride solu-
tion on the pitting corrosion behavior of AISI-304L aus-
tenitic stainless steel, Chemical Industry and Chemical
Engineering Quarterly, 17, 477 (2011). Doi: https://
doi.org/10.2298/CICEQ110406032A

S. J. Kim, K. Y. Hyun, S. K. Jang, Effects of water cav-
itation peening on electrochemical characteristic by using
micro-droplet cell of Al-Mg alloy, Current Applied
Physics, 12, 24 (2012). Doi: https://doi.org/10.1016/
j-.cap.2012.02.013

S. J. Kim, S. J. Lee, S. O. Chong, Electrochemical char-
acteristics under cavitation-erosion for STS 316L in sea-
water, Materials Research Bulletin, 58, 244 (2014). Doi:
https://doi.org/10.1016/j.materresbull.2014.03.029

S. J. Kim, M. S. Han, and M. S. KIM, Evaluation of Cor-
rosion and the Anti-Cavitation Characteristics of Cu
Alloy by Water Cavitation Peening, Corrosion Science
and Technology, 11, 184 (2012). Doi: https://doi.org/
10.14773/cst.2012.11.5.184

O. Takakuwa, T. Ohmi, M. Nishikawa, A. T. Yokobori Jr
and, H. Soyama, Suppression of fatigue crack propaga-
tion with hydrogen embrittlement in stainless steel by
cavitation peening, Strength, Fracture and Complexity, 7,
79 (2011). Doi: https://doi.org/10.3233/SFC-2011-0126
P. V. Rao, Evaluation of epoxy resins in flow cavitation
erosion, Wear, 122, 77 (1988). Doi: https://doi.org/

24.

25.

26.

27.

28.

10.1016/0043-1648(88)90008-7

. A. Karimi and J. L. Martin, Cavitation erosion of mate-

rials, International Metal Reviews, 31, 1 (1986). Doi:
https://doi.org/10.1179/imtr.1986.31.1.1

B. N. Mordyuk, G. I. Prokopenko, M. A. Vasylyev, M. O.
Iefimov, Effect of structure evolution induced by ultra-
sonic peening on the corrosion behavior of AISI-321
stainless steel, Materials Science and Engineering A, 458,
253 (2007). Doi: https://doi.org/10.1016/j.msea.2006.12.049
S. F. Lee, J. F. Garcia, S. S. Yap, and D. Hui, Pitting cor-
rosion induced on high-strength high carbon steel wire in
high alkaline deaerated chloride electrolyte, Nanotech-
nology Reviews, 11, 973 (2022). Doi: https://doi.org/
10.1515/ntrev-2022-0060

R. Wang, Effect of ultrasound on initiation, growth and
repassivation behaviours of pitting corrosion of SUS 304
steel in NaCl aqueous solution, Corrosion Engineering
Science and Technology, 51, 201 (2016). Doi: https://
doi.org/10.1179/1743278215Y.0000000046

D. Sun, Y. Jiang, Y. Tang, Q. Xiang, C. Zhong, J. Liao,
and J. Li, Pitting corrosion behavior of stainless steel in
ultrasonic cell, Electrochimica Acta, 54, 1558 (2009).
Doi: https://doi.org/10.1016/j.electacta.2008.09.056

G. S. Vasyliev and O. M. Kuzmenko, Pitting Suppression
of AISI 316 Stainless Steel Plates in Conditions of Ultra-
sonic Vibration, International Journal of Chemical Engi-
neering, 2020, 1 (2020). Doi: https://doi.org/10.1155/
2020/6697227



