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Study on the Local Corrosion Control of
Vinylester Glass Flake Lining for Mild
Steel in Pollution Environment

Ja-Jum, Gu

D epartment d M echanical Engineering, Graduate School.

Pukyong National University

A bstract

Occurrence of corrosion brings about fatal damage on the
stability and endurance of metal structure, and also causes
economical loss like environmenta pollution. Organic coating to
prevent the corrosion on the metal structure is widely used owing
to the advantage of convenience and economical efficiency. But
paint and epoxy used in organic coating are not enough to prevent
the damage from impingement- cavitation erosion corrosion and
delamination of coating occurred on the gas or water pipe.

Therefore, it needs to develope the new coating materials to



protect those erosion-corrosion damages.

In this paper, vinylester glass flake lining for SS 400 was
investigated of local corrosion under sea wae with pH 2 by
electrochemical corrosion tests, impingement- cavitation erosion
test and cathodic polarization test.

The main results obtained are as follows ;

1) There occurs some degree of anodic polarization behavior on
epoxy coated specimen but in case of the vinylester glass flake

lining specimen, anodic polarization behavior was not observed.

2) Total weigh loss of vinylester glass flake lining specimen was
less than that of epoxy coated specimen in the polluted sea

water with pH 2.

3) As the polarization behavior of vinylester glass flake lining did
not show in the polluted sea water with pH 2, the effect to
prevent the damage from pitting and crevice corrosion was

good.

4) Undercutting damage area of vinylester glass flake lining
specimen was smaller than that of epoxy coated specimen in

cathodic polarization test.



5) Corrosion current density of vinylester glass flake lining

specimen was less than that of epoxy coated.

6) After cathodic disbondment, Attached force of vinylester glass

flake lining specimen was higher than that of epoxy coated.



Nomenclature

E . Corrosion potential (mV/SCE)

i : Current density (A/cm?)

icor : Corrosion current (A/cm?)

Ry . Polarization resistance (ohms)
W t . Total weight loss (g)

t . Testing time (hours)

SCE . Saturated calomel electrode
Ecor . Corrosion potential (mV/SCE)
Bs : Bond Stress (MPa)
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Fig. 2 Schematic of impact process by liquid-jet

«—Stellite

Photo. 1 Appearance of impingement erosion-corrosion

for turbine blade
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Fig. 3 Turbulent eddy mechanism for downstream

undercutting of erosion-corrosion pits
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Fig. 5
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b Painted steel substrate

Fig. 5 Schematic attack mechanisms at the scribe in a coating
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3.1
1)
(SS 400)
Table 1
T able 1 Chemical compositions and mechanical properties
of used material (SS 400)
Chemical C Si Mn P S Cu
composition
(Wt %) 0.16 0.06 0.58 | 0.018 | 0.01 | 0.10
Tensile strength| Yield strength Elongation
Mechanl_cal (MPa) (MPa) (%)
properties
426 270 25
2)

(1) vinylester glass flake
T able 2 vinylester glass flake[( ) ]

- 21 -




Table 2 Chemical compositions of vinylester glass flake lining

Chemical Vinylester Tdi_tan_igm Glass Reactive
ioxide
composition Resin (TiO2) Flake Ingredients
(Wt %) 65 9 21 5
(2) Epoxy
T able 3 Epoxy [( ) ]

T able 3 Chemical compositions of epoxy coating

Composition of Epoxy

Epoxy, Polyamaid

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

Specific Gravity 1.2+0.1
3.2

Table 1
SS 400
sandblast ,
, Table 2 Table 3
vinylester glass flake
vinylester glass flake 05 mm

- 22 -




Fig. 6

()
Fig. 7 30 cm? :

Lead line 7

71

Fig. 6 Dimension of impingement- cavitation erosion-corrosion

specimen with various lining and coating (unit : mm)

Insulated surface Bared surface

Lead lin- | 7
4 < ./ o %w

71

Fig. 7 Configuration and dimension of polarization test specimen

(unit : mm)
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Fig. 8
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(b)
Fig. 8 Configuration and dimension of cathodic disbondment test

specimen (unit : mm)
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Fig. 9 . -
(liquid jet) ASTM G73-98™
“Liquid impingement erosion testing" JS A 1452, H
8503
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(gavanic corrosion)
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Specimen Reference electrode Counter electrode
Potentiometer Ampere meter Water tank
Nozzle Water pump Filter

Flexible hose Valve Scupper

Tunnel tube(impingement- cavitation erosion)

Fig. 9 Schematic diagram of impingement- cavitation

erosion-corrosion test apparatus
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34

Fig. 10 , Photo. 2
EG & G Model 273A
Potentiostat/ Galvanostat  PC(persona computer) , M352
/252 Corrosion Software
, (SCE), (counter electrode)

Photo. 2 Appearance of potentiostat equipment
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Silicon all Beaker

Fig. 10 Schematic diagram of polarization test equipment
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oil bath

, oil bath
, , 25+ 1

(pitting)
Cyclic
Potentiodynamic :
Potentiostatic
, Table 4

Table 4 Experimental conditions of the polarization test

Instrument EG & G Model 273A
natural sea water
Electrolyte )
sea water with pH?2
_ epoxy coated steel
Material

vinylester glass coated steel

Area of specimen | 30

T emperature 25+ 1

Cyclic Polarization T est
polarization test | Potentiodynamic Polarization T est

Cathodic Polarization T est

- 29 -



3.5

(service test)

ASTM G8 "Cathodic Disbonding of Pipeline Coatings"

26)

Photo. 3 , Fig. 11
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Photo. 3 Appearance of cathodic polarization test equipment for

cathodic disbondment

Potentiostat/ Galvanost at pH/DO Meter
, M352
1252 Corrosion Software )
(SCE), (counter electrode) ,
pH . vinylester glass flake
(scribe)

vinylester glass flake
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DO electrode pH electrode Corrosion cell
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Computer for cathodic polarization test

Computer for pH and DO Printer

Fig. 11 Schematic diagram of cathodic polarization test

equipment for cathodic disbondment
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4.1 .
LINING
Fig. 12 vinylester glass flake
potentiodynamic
1600 4
1200 =
)
o
o
= s00F |
E
W
= 400 .
[n N ok -
-400 |- .
-1a 13 A2 -1 -10 -3 -8 -7 o
Current density, i (A'cm™2) 10

Fig. 12 Potentiodynamic polarization curves of vinylester
glass flake lining and epoxy coating for SS 400

in natural sea water
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potentiodynamic

vinylester glass flake

vinylester glass flake
potentiodynamic

, vinylester glass flake

vinylester glass flake (pin hole)

vinylester glass flake

: vinylester glass flake
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42 LINING

Fig. 13

Fig.

Total weight loss, W)

0.05

0.0z

0.0z

oo

13

120 . -

vinylester glass flake

—ib— Epoxy

—m— Vinylester Glass Flake I

//

e N

i ______-_———__
=
e
1 . 1 . 1 ; 1 : 1
24 448 T2 a6 1z20

Testtime, t (hours)

Total weight loss of epoxy coating and
vinylester glass flake Ilining by impingement-:
cavitation erosion-corrosion in natural sea water

(test time : 120 hours)
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vinylester glass flake

vinylester glass flake

96 96
- pin
hole

vinylester glass flake

vinylester glass flake

Fig. 14 pH 2 120

- vinylester glass flake
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Fig. 14 Tota weght loss of epoxy coating and
vinylester glass flake lining by impingement-:
cavitation erosion-corrosion in sea waer with pH 2
(test time : 120 hours)

vinylester glass flake

, vinylester glass flake
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Photo. 4 vinylester glass flake

3x 4 microns

, Photo. 5

)

x p = )
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Photo. 5 Macro-graph of glass flake layer after lining in substrate
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43 LINING

(pitting) (crevice corrosion)

Fig. 15 Fig. 16  Cyclic

Fig. 15 120
, vinylester glass flake
cyclic
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Fig. 15 Cyclic pdarization curves of epoxy coating

and

vinylester glass flake coating after impingement- cavitation

erosion-corrosion test in natura sea water (test time

hours)

- 39 -

120



(pitting loop) vinylester glass flake

vinylester glass flake
(negative hysteresis loop)
(positive hysteresis loop) : , vinylester glass
flake (repassivation potential)

(open circuit potential, OCP)

vinylester glass flake Cyclic

vinylester glass flake (pitting)

(crevice corrosion)

Fig. 16 pH 2 120

- , vinylester glass flake

cyclic
vinylester glass flake (pitting loop)
Cyclic cyclic
vinylester glass
flake vinylester
(S, ClI, HY)
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Fig. 16 Cyclic pdarization curves of epoxy coating and vinylester
glass flake lining coating after erosion-corrosion test in sea

water with pH 2 (test time : 120 hours)

vinylester glass flake

(positive hysteresis

loop)
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44 LINING UNDERCUTTING

Photo. 6 20
mm (scribe) ,
-2 VI SCE, -5 V/SCE

scan rate

0.166 mV/s _ .

Photo. 6 SS 400
25 SS 400

1 2 mm SS 400
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coating in natural sea water (x 5)

Photo. 8 2

epoxy coating in natural sea water (x 5)
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Photo. 9 1 vinylester

glass flake

vinylester glass flake lining in natural sea water (x 5)

Photo. 10 2 vinylester

glass flake

(-2 -5 V/ISCE, Scan rate : 0.166 mV/s, 2 cycle) for

vinylester glass flake lining in natural sea water (x 5)
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2 1

vinylester glass flake

Photo. 7 Photo. 8

1
2
, Photo. 9 Photo. 10 vinylester glass flake
, vinylester
glass flake TiO:
Fig. 17

vinylester glass flake
. vinylester glass flake

vinylester glass

flake 2 1

Photo. 8 Photo. 10 vinylester glass flake
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Fig. 17 Patentid vs current density of epoxy coating and vinylester glass

Fig. 18

pH

flake

0.166 mV/s) in natura sea water

flake lining by cathodic pdarization (-2 -5 V/SCE, Scan rate :

vinylester glass flake

1

, vinylester glass flake

pin hole
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(2)

OH" pH

vinylester glass flake

TiO:

15
14
12
12
11

10

nH

Fig. 18

OH"

Time thours)

pH vs. test time of epoxy coating and vinylester glass flake
lining by cathodic polarization (-2 -5 V/SCE, Scan rate :
0.166 mV/s, 1 cycle) in natural sea water

Fig. 19 vinylester glass flake
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pH

nH

Vinylester Glass Flake

Time (hours)

Fig. 19 pH vs. test time of epoxy coating and vinylester glass Flake
lining by cathodic polarization (-2 -5 V/SCE, Scan rate :

0.166 mV/s, 2 cycle) in natura sea water

Fig. 19 pH Fig. 18

OH"

(2)
Fig. 19 vinylester glass flake

- 48 -



pH 1
vinylester glass

flake
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4.5 LINING

44

Photo. 11 Scribe of circle(D 25 mm) at lining and coating
for SS 400 (x 2.5)

: vinylester glass flake

Photo. 11 25mm

-2 V/SCE, -5 V/SCE scan rate
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0.166 mV/s 2

Fig. 20 vinylester glass flake

13

Bond Stress, B (MPa)

Epoxy Winylester Glass Flake

Fig. 20 Bond stress of epoxy coating and vinylester glass flake

lining before cathodic disbondment test

Fig. 21 Vinylester Glass Flake

vinylester glass flake
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Bond Stress, B (MPa)

Epoxy Winylester Glass Flake

Fig. 21 Bond stress of epoxy coating and vinylester glass flake

lining after cathodic disbondment test (2 cycle)

Photo. 11 Photo. 13 25 mm
, -2
V/ SCE, -5 V/SCE scan rate 0.166 mV/s
2
, Photo. 12 (A) , Photo.

12 (B) vinylester glass flake
Photo. 12 (A)

Photo. 12 (B) vinylester glass flake
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, vinylester
glass flake
Fig. 21 Photo. 12

vinylester glass flake

cathodic disk

(A) epoxy coating

catholic disbondment

(B) vinylester glass flake lining
Photo. 12 Cahodic disbondment appearance of epoxy coating and
vinylester glass flake lining after bond stress test (x 2)
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pH2 vinylester glass flake

1)
, vinylester glass flake

2) pH 2 vinylester glass flake
3) pH 2 vinylester glass flake
4) vinylester glass flake

5) vinylester glass flake

6) vinylester glass flake
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