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Study on the Corrosion Control of Polyester Glass

Flake Lining for Mild Steel in Marine Environment

Yong-Min, Woo

Department of Mechanical Engineering, Graduate School.

Pukyong National University

Abstract

Recently, as the rapid development in the industries, there
occurs in  corrosion damages due to the various corrosive
environment.

Especially, power plant, port facilities and marine structures
used in  marine environment were encountered to corrosion
damages because of the influence of Cl. Generally, to protect
these accidents, mainly applied anti-corrosion paint and epoxy
coating. But it was still remained local corrosion damage such as
cavitation corrosion in high speed stream.

Therefor, it needs to develope the new coating materials for
protective to local corrosion.

In this study, polvester glass flake lIining for SS 400 were

investigated by using electrochemical corrosion tests for general



and localized corrosion under sea water
The main results obtained are as follows ;
1) The erosion-corrosion of polyester glass flake lining is more

suppressed than that of epoxy coating

2) As coating S5-440 to epoxy or polyester glass flake , open
circuit potential will be less noble and that makes corrosion

current density more controlled.

3) The pitting and crevice corrosion of polyester glass flake

lining 1s more controlled than that of epoxy coating.

4) As anode potential goes up, corrosion current density of
nolvester glass flake lining 1s more suppressed than that of epoxy

coating

5) Water penetration rate of polyvester glass flake lining is

more suppressed than that of cpoxy coating

6) Bond stress of polvester glass flake lining 1s better than that

of epoxy coating
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Nomenclature

: Corrosion rate(mmpy)

© Corrosion potential (mV/SCE)

. Current density (A/cm?)

. Corrosion current density (A/cm?)
- Polarization resistance (ohms)

: Testing time (hours)

o Control efficiency of corrosion (%)
o Saturated calomel electrode

© Corrosion potential (mV/SCE)

© Penetration rate (mg/cm® - day)

Total weight increase of water (mg)
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Table 1 Chemical compositions and mechanical properties

of used material (SS 400)

Chemical C Si Mn P S Cu
compostition e
(Wt %) 0.16 0.06 (.58 0.018 0.01 0.10
Tensile strength | Yield strength Elongation
Mechanical (MPa) (MPa) (%)
properties o —
426 270 25

2) @hold Ao AFAR

Bodgolx & AMgAss Eeldida feola 2ol d (Polyester
glass flake lining) A E 8tal, BAE A H A5 E Epoxy R85 89 <
o golyA] W Tae AE 2 E4e e 7o)
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Table 2 Chemical compositions of polyester Glass Flake lining
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Table 3 Chemical compositions of Epoxy coating

Composition of Epoxy | Epoxy, Polyamaid

Compound Ratio Main Materials(7) @ Vulcanization(4)

Specific Gravity 1.2%0.1
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Fig. 2 Configuration and dimension of polarization
test specimen(unit :mm)
Fig. 3& F2&9 Algddoz vhold 2 #1538 Fig. 19 A8
of elFAel EF(HIS 2| Fo] 25 mm= A2ttt
lining, /coati
mning /coating gc“be(g'SZS)
| v
Lead line / l 1
I--/ -
71 '
Fig. 3 Configuration and dimension of bond stress
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Fig. 4 Schematic diagram of impingement - cavitation

erosion—corrosion test apparatus
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Photo. 1 Appearance of polarization test equipment
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Fig. 5 Schematic diagram of polarization test equipment
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AL E geld 4= 9l Cyclic BT A Y PAAE S
o F5k7] $1% Potentiodynamic ¥-+23% 223 7t A el o8k i
A58 3AFeE7] Y8k Potentiostatic 348 S A A3kt o] )
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Table 4 Experimental conditions of the polarization test

Instrument EG & G Model 273A

Electrolyte Natural sea water
SS 400

Material Epoxy coated steel

Polyester Glass coated steel
|__Area of specimen | 30 cnf
. Temperature 25+ 1T

Linear Polarization Test

Tafel Polarization Test
Polarization test Cyclic Polarization Test
Potentiodynamic Polarization Test

Potentiostatic Polarization Test
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0.0033 1, (EW)

CR(mmpy) = — =S = 00

d
o] 7] M, lewr = Corrosion current density ( ¢ A/em’)
EW = Equivalent of material {(g)
d = Density of material (g/cm’) )t}
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Fig. 6 Current density vs. test time of polyester glass lining
and epoxy coating for SS 400 under natural potential in

sea water
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Fig. 7 Potentiodynamic polarization curves of polyester
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Fig. 8 Total weight loss of epoxy coating and polyester glass lining
flake for SS 400 by umpingement - cavitation erosion-corrosion

in sea water(test time : 120 hours)
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Fig. 9 Current density vs. test time of polyester glass flake
Iining and epoxy coating for SS 400 under natural potential
after erosion—corrosion test in sea water(test time :120

hours)
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in sea water (test time 120 hours)

- 25 -



olv] Fig. 100)A F=2bel n} 9} 7ho] 2zl Zojo] ~H = £l
2 egholyd daje] E=tAFo]l Epoxy ¥E el R E ]
=4 vElhubis WS Fig 110l vehgolg

ol ZA] S8 FAuct el sHn felga elold Ao B3

40

35

30

P

25 +

20 |-

Polarization resistance, R (ohms)

Epoxy Polvester Glass Flake

Fig. 11 Polarization resistance of polvester glass  [lake

lining and epoxy coating for S8 400 in sea water

- 26 -



3.3.3 @old AA Tafel ¥ =7%

Fig. 12 Acsis FolAl 120 A Sk 27 - Auleol 4 32
A AGF LASS 400), N EA HE A L FedsHE §
A7 kol Ao} Tafel ¥ 2348 Aelstel Gehlgich

ZA ABAE %A

=

| o} Zglo 2 R YA gtold
slo M AR A Yopen circuit potential)= W H Y (HE)E S =
Ao Ve, Edodanz A gold Al JRAE

AL A HE e AmAs BT O vl shE 2ok

A
S

-i58.68 T T T T Y T T T T TTTTTT T T T

-156.08 — Polyester Glass Flake, P
Epoxy .~
~250.08 — e ]

-550.8 — §8400 I L -

-65¢.8 [— i : ]
. R .

Potential, E(mV/SCE)

-750.8 p— o o

~

-950.9 [— Epo;{y\. " Poiyester Glass Flake —

L4 Lo 1 lllIIII| i | lllllli 1 IliIHII L1 L1V

-950.8 L1 L1l
-8 -7 -6 -5 -4 3 Fd

Current density, i{A/cm*2) 1a”
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Fig. 17 Potentiostatic polarization curves of polyester glass
flake lining and epoxy coating for SS 400 by impressed

potential(3V) test time in sea water
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Photo. 3 Macro-graph of glass flake layer after lining in substrate

olet &el frefiAbe s7i7h obs wlAE 3~4 microns 2 & 1
mm 2holgAl ok 150 o Ao felYdxEzo] HAPOEM Glass
Flake sloldal= FEAFE A ®i= Bz, A718s4 4%

olw olAEly] wii-el Hog AzbEr) gelwn 7Aool naAel

- 49 -



W ASEE 229 (oxide lifting) S0 Yol 5 glu)
o] 3K, blistering), &=1e] (cathodic dishondment) 2 AF3}
59 (oxide lifting) 55 Wx|g/] aiMs Aol mjdute B
2

jol G4ak elold A W RAS ALgalel sl Aow By

wpepa] P elgtel A = Adhesion Tester?]ell o8] a7t e A @S

MAlEEe] | Fig. 109 Polyester Glass Flake @helyd A W o] ZA]

W7kae] 22e W (hond stress)S VERI G )
B2 -2 Polyester Glass Flake ©hold ZAl > Epoxy %747

of o = Ve e o 4 o9l

A F A Glass Flake ghold Alo] s wbxBAJoly £7 . 7]
HlH ol A A A - ALS nRe FRE w5
B4 Sk o FA sEART o £+ ¥ok opuf) RASHT
A vElY Iz lemw Glass  Flake drolydale] S (K,

blistering), & =2 (cathodic dishondment) 2 43} &5 Z & (oxide

A

lifting) &9 WAZ0s st Ao FA4g)



10

s

Bond stress B_(MPa)

Epoxy Polyester glass flake

I1g. 20 Bond stress of polyester glass flake and epoxy coating for
SS 400

_44..



il
e

—_—

pil

o
ut-
R
pi
4

Tk

s

T
o
i
eyl

2] ol 2~ 6 = 2] 9 =2k ol d 7 A )

~EA R E oA

-'—E
=

D

—r

=] A
Tz

At

al

R

2o T
I E o

15

A
1

W ARAYE sdgasws 2y

Sl el zpetol g 74 A

=
o}

el Ee]o 28

2|

|

o
_]

2] of] 22 ¥

M

)
Lo

Z ) ol ~ |l Z 2] ) A kol

6)

o

_45_



1)

2)

4)

O}
St

6)

9D

-3, oA, ForE, AHY (1994) ¢ FA g ) 93

o

FAL,

=S
=

o>~'

p. 2
T. Howard Rogers (1968) @ Corrosion William Clowes,

pp. 272 ~ 281

Mars G. Fontana (1978) @ Corrosion engineering, Mcgraw-hill
book Co., pp. 268 ~ 720

Az, d2099%) 0 AF AU gold Fa-xa

& ek dariAsks A Vol 25, No. 3 pp. 317~326

FH

SRR

1r
[

i

Kenneth R. Tretheway and John Chamberlain(1998) : Corrosion,
Longman Scientific & Technical, p. 153

AR e, b RHI(I982) @ W6h 1 KiFd mw o a v e WE AN
Brfihik s, 3148, p. 67

Denny A. Jones(1991) : Principle and Prevention of Corrosion,
Macmillan publishing company, p. 342

Revimg % (1993) © B AR LS H A A H L3 #,

pp. 249 ~ 250

T. Howard Rogers (1968) : Corrosion William Clowes,

pp. 272 ~ 281

10) Mars G. Fontana (1978) : Corrosion engineering, Mcgraw - hill

book Co., pp. 268 ~ 720

_46_



11)

12)

13) 1

14)

15)

16)

17)

18)

19)

20)

21)
22)

ARl E (1990) @ @2 & mtAMBUEMN o BIOK
&ORRREE, HARE ¥ HIEE, Vol 39, NO. 12, pp. 718 ~ 720
AKyd, fRINAERE (1989) © @ity 1 17 @&l ek & HE
FeEh, HAME & HUE. Vol 38, No. 8 pp. 429 ~ 436

AP, Gz, BREEE, TIRE Y, IS (1986) @ B
Pz 2 S BRI S By, HOABE R, Vol 35,
No. 1, pp. 35
PSS (1995) ¢ BB e R s CIhit, pp. 123~124
N. H. Prabhudev (1988) : Handbook of heatment of steels,
Tata McGraw-Hill Publishing Co. Ltd., pp. 226~ 242
ol (2001) @ Cu-Nitd WEH#EEM Hiha &2 e iiflr:t ol
THEE Wi, S ekl ehe e

Mars (5. Fontana, Norbert D. Greene (1978) : Corrosion
Engineering, 2nd ed., McGraw-Hill, pp.78~79

K, AAE 1997 1 FEe] ¥ A 3 e dAEaA,

N

p. 139

L. L. Shreir (1979) : Corrosion I, printed by Tiented by Tien
Wah press(pte) Ltd., p. 416

7t d

ST AR G (1988) : pp. 188203

T EER Ayl (TR (1988) ¢ pp. 465469

- 47 -



23) Denny A. Jones (1991) : Principle and Prevention of Corrosion,
Macmillan publishing company, pp. 488~ 489

24) Chot SG, Sung DH (1992) : Influence of the Temperature of
Chromic  Acid Solution on the Degradation of Laminated

Sinylester Polymer (Korea), Vol.16 |, No4 |, pp4l17~495

_48_



SERIE

=
o

ol 2717 A

N

]
£

5

1z

THAE

1z

s

obe] PAE =

=N

SEREIE

L

[

pu

ul
, Aol A

&
3]

o
s}

T e ol

2
[V

SR

o -
L
13h

A
Yoo,

funy

topal <)

o] du}

11
(L.
al

Bloe Al LA B b
1 HlR S obgiglol vl

BL

.
LI

(o]

e

b
ok

o)

Kk

7HAE =y}

L

al

zl o
S

= of Al

T~
ey
Ton
o

e,

1

ko)
L]

a} %

]

20021 124

° g

T

v}

1o} 9

il

[e]

T

ofl Al I A

1z

5

3

=]

=

r

J

5+t

1)

ol A A}



	표지
	차례
	초록
	1. 서론
	2. 시험 재료 및 실험방법
	2.1 시험재료 및 시험편
	2.2 라이닝 강재의 시험편
	2.3 충격 케비테이션 침식-부식 실험장치 및 실험방법
	2.4 전기화학적 분극 실험장치 및 실험방법
	2.5 라이닝 강재의 연간부식률 평가

	3. 실험결과 및 고찰
	3.1 라이닝 강재의 전기화학적 부식거동
	3.2 라이닝 강재의 충격 캐비테이션 침식-부식 방지 특성
	3.3 라이닝 강재의 전면 부식 방지 특석
	3.4 라이닝 강재의 국부부식 방지 특성
	3.5 라이닝 강재의 수분침투율 억제거동
	3.6 라이닝 강재의 부착응력거동

	4. 결론

