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Seawater has been used to cool devices in nuclear power plants. However, the pipes used to transport sea-
water are vulnerable to corrosion; hence, the inner side of pipelines is coated with an epoxy layer as pre-
vention. Upon coating damage, the pipe becomes exposed, and corrosion progresses. The major cause is
widely known as cavitation corrosion, causing the degradation of mechanical properties. In this study, cor-
roded specimens were prepared using cavitation and immersion methods to clarify the degradation trend of
mechanical properties with corrosion. Three different types of epoxy coatings were used, and accelerated
cavitation procedures were composed of amplitudes of 15 um, 50 pm, and 85 um for 2 h, 4 h, and 6 h. The
immersion periods were 3 and 6 weeks. We conducted instrumented indentation tests on all degradation
samples to measure mechanical properties. The results showed that higher cavitation amplitudes and lon-
ger cavitation or immersion times led to more degradation in the samples, which, in turn, decreased the
yield strength. Of the three samples, the C coating had the highest resistance to cavitation and immersion

degradation.
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Fig. 1. Pre-test specimen (a) A Coating, (b) B Coating, (c) C
Coating
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Table 1. Cavitation degradation test condition W Aolt}, Fig. 18] Al AlZbe A AR-H A9} 5
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Fig. 3. Effect of cavitation time on the surface appearance of epoxy A Coating in 3.5% NaCl at 30°C (ultrasonic amplitude
50 pm). (a) 2 h, (b)4h,(c) 6 h

(b)

Fig. 4. Effect of cavitation amplitude on the surface appearance of epoxy A Coating in 3.5% NaCl at 30°C (cavitation time 6 h).
(a) 15 pm, (b) 50 pm, (c) 85 pm

(b)

Fig. 5. Epoxy coating specimens (a) A Coating, (b) B Coating, (c) C coating (ultrasonic amplitude 50 pm, cavitation time 6 h, 30°C)
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Fig. 6. Epoxy coating specimen after the immersion for 3 weeks in 3.5% NaCl; (a) A Coating, (b) B coating, (c) C Coating
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Fig. 7. Epoxy coating specimen after the immersion for 6 weeks in 3.5% NaCl; (a) A Coating, (b) B coating, (c) C Coating
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Table 2. Mechanical properties of epoxy coatings obtained from instrumented indentations and tensile tests

Test method Indentation test Tensile test
Specimen C (10’MPa) £107) o, (MPa) o, (MPa)
A Coating 390.5 (£6.3) 0.039 (£0.001) 15.3 (£0.2) 15.3
B Coating 435.4 (£15.0) 0.071 (£0.002) 30.9 (+1.1) 30.8
C Coating 350.1 (£6.2) 0.169 (£0.003) 59.5 (x1.1) 59.2
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Table 3. Indentation yield strengths with different cavitation amplitudes and times of A Coating samples

Type of coating material | Ultrasonic amplitude Cavitation time Indentation o, O, decrease rate
A Coating 15 pm 4h 1.82 MPa 88.1%
A Coating 50 um 4h N/A N/A
A Coating 85 um 4h N/A N/A
A Coating 50 um 2h 9.55 MPa 37.6%
A Coating 50 pm 6h 8.86 MPa 42.1%
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Fig. 10. Indentation load-depth curves of (a) A Coating, (b) B Coating, (c) C Coating and (d) reduction rates of yield strength

with cavitation corrosion

Table 4. Indentation yield strengths with cavitation for Coated samples

Type of coating material Ultrasonic amplitude Cavitation time Indentation o, 0, decrease rate
(um) (hours) (MPa) (%)
A Coating 50 6 8.86 421
B Coating 50 6 343 88.9
C Coating 50 6 52.9 10.6
el wE Aol sk A oFdol tE As Elst TASIITE ol s 18 SgkEo] AAAR] e A
Atk 4 FRFE RHANE Ar) 345 B2 =E FoSHs 71TE 4g3He 2oz wekad. ol
H]:8}7] A Coating, B Coating, C Coating®] Z}7Z; st wlAYFOE 3l C Coatingo] ZNBIEO]A A&

8.86 MPa, 3.43MPa, 529MPa =, A F0] 42.1%,
88.9%, 10.6%= =gt 2}o]5 HlL, Table 4] 23}
= A3tk 1. M. Jeon 5 [22]12 ZF IE€ A HE 4
sho] oFdo] thErhs s Haskgith A Coating, B
Coating®] 74-F- 714 5°] E34¥ glass-flake®} acrylic-
glass-flake7} ZH7} @o] "oz Uz ¥, C Coating®]
735 FMulEle)d Sl o8] 7o rAastEEol

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.6, 2023

o] 4 A et Zlow AW 5 gk,

3401=A| ZEXY S| ER00 ME ¥ 5 FX| dsi=

A Coating, B Coating, C Coating A]3H2] 4] A]7K3
T, 67)0] e AEUUAE A9 & S-S 34
< Fig. 11°] Yepdgith 474 ZHA2] Al st
747} 8, 9, Tkef T 0% YERGTh Al AlH 5 A

425



M. J.JUNG, S. H. KIM, J. M. JEON, Y. S. KIM, AND Y. C. KIM

10
A Coating
o s A Coating_3 weeks
=) A Coating_6 weeks
=
3 6
o
S
5|
G 2
o
£
0 T T T
0 40 80 120 160
Indentation depth (um)
(a)
10
C Coating

— C Coating_3 weeks
5 8 C Coating_6 weeks
S5
o
@ 61
o
S 4
5|
T 2
o
£

O T T T

0 40 80 120 160
Indentation depth (um)
(©

10
B Coating

— B Coating_3 weeks
D °] B Coating_6 weeks
S
o
@ 67
o
S 4
©
T
o 27
gl
£

0 T T T

0 40 80 120 160
Indentation depth (um)
(b)

100
—~ 8ol
X
D 60t
o
?
© 40
o
1]
o j
O>-

; B

A Coating B Coating C Coating
Immersion_6weeks

(d)
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Table 5. Indentation yield strengths with different immersion times of coated samples

Type of coating material Immersion time (weeks) Indentation o, (MPa) 0, decrease rate (%)
A Coating 3 12.4(£2.88) 19.0
A Coating 6 12.1(x0.71) 212
B Coating 3 27.2(£1.09) 11.8
B Coating 6 28.6(£1.89) 7.1
C Coating 3 54.2(x1.26) 8.4
C Coating 6 52.8(x1.59) 10.7
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