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Comparison Evaluation on the Corrosion Resistancefo

Anti-Corrosive Paint by Cyclic Votammogram
Ho-Jin Sung

Dept. of Material Engineering Graduate School,

Korea Maritime University

Abstract

With the rapid development of industry, comosion of steel structures exposed
to the severe conosive envionment has generated umerous social and
economical problems in the economical point of viewFurtthemore, it has been
revealed that the economical loss by conosion of tegl structures reaches
approximately 2~4% of GNP in the U.S. in 1998. Altbugh in Korea, the
percentage of the economical loss by the comosiowas not clealy verfied, it
was assumed that the loss would be much greater thathe U.S. Therefore a
comosion control is being generally accepted as ammportant issue not only in
economical point of view but also in safety reasorand those steel structures
should be protected by an optimum protection method And there are many
protection methods for steel structure; one of themis a coating protection,
which is being mainly used for steel structures bbt in  atmosphere

envionment and marine environment.



Recently, most of the steel structures were beingpened in severe conosive
envionment with increasing of envionmental contarmation, therefor conosion
resistance of anti-comosive paint is being decread with increasing of
envionmental contamination. So it is thought that the development of
anti-conosive paint with promoting the conosion resistance is imporant, and
the detection of an optimum method to evaluate ragly and conectly the
conosion fresistance of anti-comosive paint is ats important and necssary in

economical point of view.

In this study, an eletrochemical evaluation methd for comosion resistance of
anti-conosive paint was investigated with some pameters such as kinds of
anti-comosive paints, DC polarization resistance mthod, AC impedance method,
Anodic acceleration comosion method, and cyclic Jammogram measurement
etc... And it is also investigated that whether theresults of an electrochemical
evaluation method is comesponding to those of adesation conmosion

experiment practically.

Chapter. 3.1 is to investigate the vanation of arosion potential, cathodic
and anodic polarization curves, cyclic voltammogramand AC impedance when
test specimen is coated with 5 kinds of anti-comdbge paints such as high solid
epoxy(HE), solvent free epoxy(SE), ceramic epoxy(QE tar epoxy(TE) and
pheonal epoxy(PE) with 2sm(DFT:dry film thickness).

Conosion resistance increased with conmosion peftial shifing to noble
direction and there is a good corelation each o#r between passivaity
curent density and diffusion limiting cument density of cathodic polarzation
cuves, futhetmore the data of cyclic voltammogram had a good
comespondence to the data of AC impedance measurem. And HE and CE
had a relatively good comosion resistance than odr heavy anti-conosive

paints.

_Xi_



Chapter 3.2 is also to investigate with test speeens with 5Qm(DFT) and
experimental parameters is also the same as 3.1 ptE Conosion resistance
increase with comosion potential to positive direton without DFT of test
specimen. And in case of HE, conosion cument deitg increased with stining
of solution, however its value of the other specime decreased with stining of
solution due to inhibiton of crevice conosion wih acceleration of oxygen
supply to the crevice. And the results of cyclic JWammogram measurement
showed a good comesdpondence to those of AC impeda without DFT of the
test specimen.

Moreover, the values of impedance were increasedith increasing of DFT of

test specimens.

Chapter 3.3 is to investigate conosion resistarc by acceleration conosion
test, cathodic protection effect, and comparison l@een the data of cyclic
voltammogram and AC impedance. HE showed a good dosion resistance
than other anti-comosive paint and the results caesponded well to the results
of cyclic voltammogram and AC impedance. And Zn ande attached to the
test specimen showed a good protection effect inethbilge solution.

Therefore it is suggested that the cyclic voltamogram measurement is an
optimum method to evaluate the conosion resistanceof the anti-conosive
paints compared to AC impedance method in the ecomical, reliable and

precise point of view.
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FARE TddA AF AEEE Ao=x Autd 7 d(galvanic  serises)
_}]\_

Table 2.1 The series of electro motive force for vaus metals.

metal/metal electrode potential (V) metal/metal electrode potential (V)
ion librium vs normal hydrogen electrode | ion librium vs nomal hydrogen electrode
Pd/Pd +0.987 FelF& -0.440
Ag/Ag* +0.799 FelF& -0.036
Hg/Hg* +0.788 Cr/CYF* -0.744
Cu/Cu* +0.337 Zn/ZR' -0.763
Cu/CU +0.522 Mn/Mr* -1.029
Hao/H** 0.000 TifTe* -1.630
Pb/PB* -0.126 AlIAP* -1.662
Sn/Si* -0.136 Mg/Md* -2.363
Ni/Ni** -0.250 Na/Na -2.714
Co/Cd* -0.277 K/K -2.925
cd/cd* -0.403 Li/Li* -3.045

kg AgolE R due AU TR YouE Ago] ALt
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Table 2.2 The galvanic series of various metals isea water.

Noble or cathodic

Platinum

Gold

Graphite

Titanium

Silver

Hastelloy(62Ni,18Cr,18No)

18-8 stainless steel (passive)
Inconel (passive) (80Ni,13Cr,7Fe)
Nickel (passive)

Monel (70Ni, 30Cu)
Cupronickels (60-90Cu, 40-10Ni)
Bronze (Cu-Zn)

Copper

Brass (Cu-Zn)

Hastelloy b(62Ni, 18Cr, 18No)
Inconel (passive) (80Ni, 13Cr, 7Fe)
Nickel (passive)

Tin

Lead

18-8 stainless steel (active)
Cast iron

Active or anodic

Steel or iron

2024 aluminum (4.5Cu,1.5Mg, 0.6Mn)
Cadmium

Zinc

Magnesium and Magnesium alloy

r
)
E
e
4
H
i

o9 2744 F& = /1Ad Ado] A= te Fol

O}

A

=3}

F28tA #rk oE W Ad(ron pipe)l
(copper pipe) 7 (#il) AA el HFeta = HFGEH) =Y

o &2 AAGA] 2 FL ool
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-1600
-1070
-780

-450~-650
-500
-460
-270
-240

o
Potential(mV/SCE)

Ao] &7}

Mg
Zn
Al(99.95%)
Cd
Steel
Pb
Sn
Bronze(60-70)

s
Metal
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Table 2.3 Cormosion potentials of metals in seaua.
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aER A7 4 (216)%

AG =AG® + RTIN[M™] (2.17)

AG
o] ©rh. o7l E=-—2 g tjqishu

>

N [M] (2.18)

T I e Bl i P B E 2] d o] 44 (96,487 C/mol)
R 71 A4 (8314 J/mol °K) T A% (°K)

A @218)% 2L CuA A& A #e=2 dElis NemstAs d&
At Nernst2 ol A 43k 5 &9 wbg e AH(BS At sh=d
21 (218) oAl latm 25T, =4o]l& 1mol AejellA 3 HAAE ZEA=
AHEDZ Jetal vk 482 Fed FFA5HHE 7w oha3 2

W, i (Standard chemicalpotential) = 20, 300 cal (2.19)
E =-20,300cal / nF
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E = —20300x 4.2J _ _ 044
2x9650(C

N

olgf ol g 7tF Ao RFEAHS Table 2.4] Vet

=5

Table 2.4 Standard potentials for various meteion, gas or redox electrodes vs SHE at 52,

Electrodes Electrode reaction Bv
Au¥IAu AU +3e= Au +1.50
CI/Cl, Ch+2e=2 2C[ +1.3595
O/H,0 Or+4H'+4e7 2H,0 +1.229
O,JOH Op+2H,0+4e= 40H +0.401
PE*/Pt Pt*+2e= Pt +1.20
Pd"/Pd Pd'+2e=—Pd +0.987
Ag'/Ag Ag'+e= Ag +0.799
PbQ/PbSQ PbQ+SQy +2H+2e= PbSQ+2H,0 +1.685
Hg"*/Hg Hg’"+2e== 2Hg +0.789
Fe'IFe Fé'+e= F&* +0.77
Cu'/Cu Cu+e<=Cu +0.521
Cu*ICu CUi'+2e==Cu +0.337
sn’/srf* Sri'+2ee2 sif* +0.15
Pt/H/H" 2H"+2e==H, 0.0
PH"/Pb PE*+2e= Pb -0.126
Srt/Sn Sif*+2e= Sn -0.136
Ni*/Ni Ni**+2e== Ni -0.250
Cd"ICo Cd*+2e=2 Co -0.277
cd/cd cd+2e=Cd -0.403
Fe'/Fe Fé'+2e= Fe -0.44
c/Cr cf'+3e=Cr -0.74
Zrt*zn Znt*+2e==zZn -0.76
Nb**/Nb Nb**+3e= Nb -1.10
Ti*Ti T +2e 2 Ti -1.63
AFYAl APF*+3e=2 Al -1.662
Mg* /Mg Mg*"+2e= Mg -2.363
Na'/Na Na+e= Na -2.714
cd'/ca cd'+2e=Ca -2.870
KK K'+e=K -2.925
Li*/Li Li'te==Li -3.045
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3) Tafel 4

=i (exp_ anFr, exp_ (1—a)nF/76j
RT RT

o A I gte] 50mV o] el A= 23S FAIE ¢ 7] Wil

i=i (expﬂj
cor RT

3RT
logi =logi, logi
F
23RT | . 3 :
. =——logi,, — logi
=a+blogi
_ 2.3R7T : _ —=2.3RT
a="" log 7 .., 6= T (2.27)
i, =i

2718 Tafel 94t S Fig. 2.141 e L.
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Table. 2.5 The principles of various conosionmpvention method.

Electro

) Protection . i .
-chemical Detailed explanation Practical example
method
Factor
@ Alloy to increase the D Alloy of Cu added with gold.
thermodynamic stability. Alloy of Cu added with Nickel.
Alloy @ Alloy conforming the @ Weather resistance steel of low
protective film by corrosive alloy added with Cu.
Thermodyn creation substance.
-amic Surface @ Plating by corrosion @ Fe metal plated with Cu or Ni.
stabilization treatment resistance metal.
@ Environment treatment to @ Make it easy to submerge
create protective film on the CaCQ by removing CQ.
Environmental metal surface.
treatment @ Removing of corrosion @ Removing the complex additive,
reaction substance and of increasing metal ion, removing
additive increasing corrosion. H+, O2, oxidation additive.
(D Decreasing of cathode area. | @ High pure Zn, Al, Fe in stable
Alloy @ Alloy increasing hydrogen in HCI, SO, solution.
over voltage. @ Alloy of Fe, As, Sb, Bi.
Surface D Coating by metal having the
Increasing |_treatment high hydrogen over voltage.
of cathode @ Cathode inhibitor @ Using of As, Sh. Bi to the acid
polarization cleaning.
Environmental @ Removing of cathodic @ Increasing of PH, decreasing of
treatment depolarization additive. dissolved oxygen.
@ Cathodic protection. @ Cathodic protection by
impressed current method.
Allo D Alloy increasing the anodic @ Alloy made by Cr and Ni.
Y passivity ability.
D Plating by metal easy to @ Cu plated with Cr.
Increasing | Surface become passivity.
g @ Paint containing the pigment | @ Using of Zinc chromate
of anode | treatment . L . .
olarization having the passivity action. pigment.
poanizat ® Using of grease and oil.
. @ Anode Inhibitor @ Cr acid ion, nitrous ion.
Environmental . . . . .
@ Anodic protection @ Anodic protection by impressed
treatment
current method.
| . Surface D Coating and other protective
ncreasmg treatment coating.
of electric
resistan . . . . .
esistance . @ Variation of corrosion @ Increasing of soil resistance by
between Environmental . . . ; . .
environment as increasing of flow easily dissolved water in
anode and| treatment ) . -
cathode corrosion resistance. soil is easy to flow.
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Table. 2.6 Famous bridges coated with variousrids of anti-conmosive paints.

L Establish| Length . Enviro .
Bridge's name Staolis 9 Location Vi Coating system
day (m) ment
. USA Anticorrosive oil paint
Gorge washington 1931 1,451 harbor . o .
New york + Phthalic resin oil paint
Australia Red lead anticorrosive paint
Sydney-harbour 1932 | 1,150 harbor . . )
Sydney + Phthalic resin oil paint
US.A Red lead anticorrosive paint
Aucklanddobay 1936 | 6,925 < harbors . . )
San francisco + Phthalic resin oil paint
Inorganic zinc paint
New port 1960 | 3,430 | U.S.A coast

+ Epoxy H.B paint

Forth-road 1964 | 2,063 | UK harbor | ZH.S + W/P + Z/C + MIO

Inorganic zinc paint

Sanmedichaywood | 1967 | 3,200 | U.S.A coast . .
+ Vinyl H.B paint
. g Organic zinc paint + W/P
Nambhae bridge 1973 660 | Korea straits
+ 7Z/C + MIO + CR
ZHS + W/P + Z/C
Hanber 1981 1,410 | UK

+ Phenol MIO

Inorganic zinc rich paint
+ Epoxy primer

+ Epoxy MIO

+ Polyurethane top coat

Innoshima bridge 1983 770 | Japan

Inorganic zinc rich paint
+ Epoxy primer

+ Epoxy MIO

+ Polyurethane top coat

Great naruto bridge 1985 876 | Japan

H.B = High build type Z/C =é&ol Zinc Chromate. C.R = Chlorinated Rubber
W/P = Wash Primer MIO = Micacs Iron Oxide Z.H.S = Zinc hot-spraying

Table. 2.6 4 X n#pel o] 1960 W 7HA= d=Aow {4 FHd

8o Tl £4 ERR 2FA =gl
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Table 2.7 Evaluation of conosion degree by caaty system with year.

The no. of years
1 2 3 4 5

No prggg%%gn Coating  System

Blast Epoxy zinc rich paint / Chlorinated rubber

1 . primer x 2 / Chlorinated rubber intermediate 3 3 3 25| 2
cleaning

coat / CR-top coat

2 Blast leaning 1.Z.P / CR MIO x2 / CR- intermetgié CR-top coat 3 2 3 3 3

g | Powertool | - o bhenol MIO / Phenol MIO 2 15 1] 1] o0
cleaning

Power tool | P.V.B shop primer / Anticorrosive oil paint

4 cleaning x 2 / Phenol MIO / Phenol top coat 3 31252 L5
5 Power tool | Coal tar epoxy x 2/ Phthalic resin 3 3 3 3 3
cleaning intermediate paint / Phthalic top coat
evaluation marks : 3 = nothing rustfpct) 2 =rusted area below 10%

lusted area from 10 to 30% O = rusted area abd¥%e 3

At oz HEHu gt PANES

<o,

H 2 dolr ™ Table 2.8% #t}.

=]
'

Table 2.8 Various comosion protection methoevith location
of steel pile in seawater.

Corosion protection

Region Remark
method
Sea-atmosphere area Heavy duty coating
Submerged area Heavy duty coating and
(seawater & sea-soil) electrical protection

corrosive resistant metal . .
There is no perfect corrosion

Sacrificial metal coating . )
protection method in

Cement mortar lining . .
severely corrosive environment

Splash or tidal zone Resin mortar lining
FRP or plastic sheet covering
Flake-lining
Taping
B 7% A 2e AARAZRD, WP, BE dolx o]9dx
U7b v dE 2 A= A, dY, #8d, AN, A,
7oA 5ol
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Table 2.9 The kinds of A/C paint for ship and advalage & disadvantage.

Advantage Disadvantage
Type
O Good resistance . @ Poor chemical resistance
@ Good color and gloss retention .
Alkyd . @ Poor water & seawater resistance
© Cheap price @ Sometime cause bubble phenomenagn
@ Good workability
@ Excellent chemical resistance @ Very poor color & gloss retention
@ Excellent mechanical-properties @ Bad curing at low temperature
Epoxy (hardness, fl.exibility, abrasion) @ Inconvenient handling because of
@ Good adhesion property 2-component
@ Good heat resistance @ Bad recoatability
® Excellent water resistance ® Poor weather resistance
@ Fast dry @ Poor solvent resistance
@ Good recoatability @ Poor heat resistance
Vinyl ® Good chemical resistance @ Contains chloride-ion
@ Good weather resistance @ Poor oil resistance
® Good water resistance
@ Good water resistance @ Contains chloride-ion
Chlorinated @ Good chemical resistance @ Yellowing
rubber | @ Excellent intercoat adhesion @ Poor solvent resistance
@ Good weather resistance
@ Excellent water @ Limited color
& seawater resistance @ Tar bleeding when overcoat
Coal tar . . .
epoxy @ Excellent F:hemlcal re3|st§nce @ Poor heat resistance
@ Excellent intercoat adhesion @ Slow dry
@ High build of film thickness ® Very bad weather resistance
@D Good weather resistance @ High price
@ Excellent heat resistance @ Poor workability
. | @ Excellent anticorrosive property @ Difficult to treatment surface perfectly
Inorganic - .
Zinc @ Good compatlblllty pre‘paratlor.w of .metal tp coat
(except oil-alkyd base) @ White rusting(zinc salting)
® Excellent abrasion resistance ® Difficult to overcoat because of
dry film-hole
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o gE fUHsE Aor Hauna Q).

— Conventional antifouling

» Long-life antifouling

» Self-polishing antifouling

Threshold
1 : ‘Iimit value
1 2 5 (Years)
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Table 2.10 The kinds of anti-fouling paint.

9 & g (siliconA) 7}

& of

Type
ltem

Soluble matrix

Insoluble matrix

Self polyshing

D Leaching ratio control

Impossible

Impossible

Impossible

@ Antifouling life time

Below 1 year

Below 2 years

Above 5 years

(@ Effectiveness of biocide  Below 50% Below 50% 100%
@ Adhesion Bad Not bad Excellent
® Physical properties Bad Not bad Excellent
U.V resistance Bad Not bad Excellent
Animal Good Excellent Good
@ Antifouling
Plant Not bad Good Excellent
® Advantage Cheap price - Long term - Long term
Fast dry antifouling antifouling
- Lower surface
roughness
- Lower fuel
consumption
Disadvantage Short term - High price - High price
anti-fouling - Safety problem | - Safety problem
High polluted when coating gr because higtoading
coastal cleaning biocide
High fuel - Lower biocide
consumption effectiveness
when the ship lie
anchor for long-term
(above 6 nonth)

- High level abrasion
of flm whenexceed
25 knots
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Table 2.11 Varation of coating for tank with various cargo and usage.

Kind of tank Paint Remark DFT(zm)
Epoxy Epoxy or vinyl top coating is generdly
Qil tank Tar epoxy necessay to the hoiizonta plane of imer 250-300
Inorganic zinc tark in case of inoiganic zinc coating.
Epoxy TEA 1y 2 oo
Sea water tank Tar epoxy o . ) g 250-300
.. with time in case of inorganic zinc
Inorganic zinc >
coating.
Various oil, Epoxy Inorggnm 4re cganng. 'S vey good to.
. gasolire, fuel ail, vaious ail, neura oil,
solvent Inorganic zinc . . 250-300
. however not good to acid akali, and
chemical tank Urethane )
vegetable oil efc.
Eg;:"ﬁat\g?t:; q Enox Tar epoxy is not good to dink water
distilled water Tsr ey ox terk de (o cortaminetion 250-300
ol poxy by tar bleeding
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Table 2.12 Coating system of tank's interioarea.

Shop | 2'nd surface Coating system Total or
Area pimer | pretreatment D.FT
I'st | 2nd | 3'd | 4'th (um)
oo TE TE
ZEP St 3 -
Ballast and/or NZP
blast oil tank I1ZP HTE
1ZP St 3 1Z 75
ZEP EP EP EP
1
Cargo tank NZP Above Sa 2% e 250
(White oil)
1ZP St 3 1Z 75
NZP 200
Freshwater ZEP a2k P
tank
WP
ZEP St 3 \% Vv \ \V 150
\ZNEPP Fl 200
NZP B
i B TE 200
Void space IZP
WP
ZEP St 2 EM EM 100
NZP
W P : P.V.B Wash Primer T E : Tar Epoxy paint

NZP : Non-Zinc epoxy shop Primer HTE : High build Tar Epoxy paint
ZEP : Zinc Rich Epoxy shop Primer | Z : Inorganic Zinc rich paint
IZP : Inorganic Zinc rich shop PrimeHEP : High build Epoxy Paint

E P : Epoxy Paint V  : Vinyl paint

E m : Emulsion or water soluble paint
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AAsrg el e By =
A gk (formulation related failure)

Table 2.14(inorganic} 2.15(organicy], ¥ =] ¥ 2 gk(surface related failure)

2 Table 2.161, =3¢ ## Z g (application related failure} Table 2.1 -1

a4 o

2dd WS HER AT

Table 2.14 Fomulation related inorganic coating dilure.

coatin . .
: g Failure appearance Cause of failure Remedy
failure
Formulation should include
) L The zinc pigments to binder| reinforcing pigments. Apply
Usually fine visible or Bl . : - h >
’ - h ratio is high; rapid drying coating as thin as re-
1. Checking mézgfg%p'fo Ctuzczibsa?atgm conditions cause surface commended. Second coat, if
p " | checking. necessary. Apply under
favorable drying conditions.
— . Apply coating at no more
2. Mud Fine to fairly large segment Application of coating too than recommended thickness.
. ; f heavy. Rapid drying
Cracking (1/4 in.) flaking from surface| conditions Apply under favorable
' drying conditions.
Pinpoint spots of corrosion | Zinc pigment mask by other| Usual remedy: remove
iNDOoI progressing from a few per | pigmentation or improper coating and reapply more
3. Pinpoint ! ; ) ! . :
. square feet to almost zinc/binder ratio. Uneven satisfactory zinc coating.
rusting continuous. Early failure can| coating thickness; thin coated Apply maintenance coat at
be catastrophic. areas show first failure. first sign of pinpoint failure.
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Table 2.15 Organic coating failure.

nt.

Coatin . .
aing Failure appearance Cause of failure Remedy
failure
Surface disintegration by Select coatings formulated
Surface soft and powdery. . . . . )
) ] . actinic rays of sun on the | with radiation-resistant resins
1. Chalking Easily removed by wiping . L . . )
organic resin binder; (acrylics) and noncatalystic,
surface. ) ; ) . .
improper pigmentation. nonchalking pigments
Similar to chalking. . Chalking mechanism with | Select chalk-resistant coating
. Surface removed on high . .
2. Erosion coating surface removed by with good flow out to a
spots and brush marks to . )
. . weathering. smooth film.
base coating or primer.
Surface phenomenon-uneven| Surface stresses caused b S?IeCt coating fqrmulated_
- ) ) -1 with weather-resistant resins
. small noncontinuous fissures| shrinkage due to weathering . . .
3. Checking . . . . and inert reinforcing
in coating which do not and continued surface . . o
o . ... | pigments in addition to
penetrate to the substrate. | polymerization and oxidatioh. . .
noncatalystic colored pigme
Internal stresses where Apply thin coats and
. . Very large macrochlioh surface shrinks more rapldlythor.o.ughly dry before adding
4. Alligatoring than body of coating. Hard additional coats. Never apply
generally cross-hatched pattern. y
topcoat applied over soft | hard topcoats (epoxy) over
undercoat. soft undercoats (asphalt).
Small breaks in coating to ; ] Select coating formulated
. Stress set up in_ coatindue .
substrate. May be linear, | - S from nonreactive weather
. to continued polymerization . - . .
5. Cracking cross-hatched, or curved. .. r -resist resins, reinforcing
and oxidation; improper . :
Cracks mayor may not be . " pigments, and nonreactive
- pigmentation. .
continuous. colored pigments.
Use coatings with strong
Large macrocracking‘ERAINE Rapl.d drying of' highlyfilled | adhesion. Apply .coatlngs
6. Mud coatings, especially water | under proper drying
. may curl at cracks and lose . .
Cracking ; -based materials (water conditions and prevent sags,
adhesion . .
emulsion paints). puddles, or areas of excess
thickness
Furrows and ridges in coatingSuncace react|on where Choose coatings with even,
. surface of coating expands| .
. surface. may be linear or . A . thorough drying
7. Wiinkling . more rapidly during drying . )
random pattern. Wrinkle may characteristics. Apply evenly;
) . than does the body of the . .
be fine or quite large. film avoid excess thickness.
Softening or slime reaction of The biodegradation of the Selec.t oil-base coating which
coating-Blotchy brown or coating by bacteria ofungi contains permanent
8. Biological " | fungicides or bactericides.

black spots on coatingurface|
causing poor, dirty appearan

the The coating is used ag
cesource of nourishment.

onoil coatings should use
nonbiodegradable modifiers.

9. Discoloration

Yellowing, greying, or
darkening of coating.

Resin or pigment color
change due to weather or
chemical action.

Select coating formulated
with both color stable resinsg
and pigments.
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Table 2.16 Surface related failure.

to corrosive conditions.

surface, even though blaste
to white metal.

Coating ) )
; Failure appearance Cause of failure Remedy
failure
Wash-blasted surface with
water or dilute phosphoric
. . acid solution and reblast.
Retention of minute amounts . .
S . Apply an anticorrosive
Blistering, rust, tubercledpss| of corrosion product or . . .
: Lo . . primer with strong adhesion.
1. Previously | of adhesion in areas where| contaminant along grain :
. ) Where applicable, an
used steel steel was previously exposedboundaries of the steel

inorganic zinc primer may
provide a good base coat b
reacting with the minute
surface corrosion after the
first blasting.

y

2. Galvanized

White zinc corrosion forming

Formation of zinc salts
(oxide, sulfide, oxychloride,

Brush blast zinc surface or
treat with commercial zinc

t

from the surface. Loss of
adhesion and peeling.

porous structure. Pinholes,
water, and air pockets in
poured concrete surfaces.

or metallic under the coating or actually . treatment. Apply a nonoil
. — I zinc soap) underneath -
zinc surface | breaking through the coating. | base, inert, strongly adheren
coating. _
primer.
Very lightly dust blast the
. . luminum surface, or wher
White corrosion product aluminum surtace, o ere
) . g 1 i . applicable, treat with
causing pinpoint failure in The very smooth aluminum . .
) . . : . commercial aluminum
3. Aluminum coating; loss of adhesion oxide surface. No physical )
. treatment. Apply a primer
because of very smooth adhesion. ) .
. > with known compatability
surface. Possible blistering. .
and strong adhesion to
aluminum surface.
Brush blast copper surface
. | Very smooth copper oxide | or etch with commercial
Grey-green corrosioproduct; :
4. Copper ; surface. No physical copper treatment. apply a
loss of adhesion. . h . h
adhesion. primer with known high
adhesion to copper.
The concrete should be
clean and the surface dry.
It may be acid etched or
S . The chemical reactivity and| lightly blasted to obtain
Blistering of coating. . o
. . moisture content of concrete. proper surface condition.
Formation of calcium salts .
. ) . Its nonhomogeneous very | Use a low molecular weight
5. Concrete under coating, forcingoating

highly penetrating primer
with strong alkali resistance
(liquid epoxy). Primershould
be heavy bodied and
thixotropic to fill imperfec
-tions in concrete surface.
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Table 2.17 Application related failure.

Coating ) )
; Failure appearance Cause of failure Remedy
failure
Remove runs and sags with
1. Runs, Sags, Heavy areas in coatlng/hlf:h . o a br.ush smoothly.?ru;h
. flow down vertical surfacen | Lack of care in application.| coating out well, finishing
Curtains streaks or curtains. by light brushing in one
direction.
Areas of pinpoint corrosion | Thin areas, spatter coating, Careful application. even
2. Improper between areas of solid holidays. Runs, puddles, pprcation.
. ) L . spray passes with eagiass
coating coating. Where coating is | excessive number of spray
. . . . . overlapped 50%. Use cross
thickness over thick. Possiblehecking| passes in areas wheoeating .
. S e spray technique.
and cracking. is difficult.
Very rough tin rface. . .
ery roug cqa g su _ace Apply coating with careand
May appear like sand in . . )
. . Improper sprayingechnique. | with even wet sprayasses
coating. Some dry coating, .
3. Overspray : - =" | Uneven spray passes with | overlapped 50%. If
like dust, on surfacePinpoint
- gun too far from surface. overspray occurs, remove
corrosion throughout rough .
before overcoating.
areas.
Improper spray technique. | Apply coating with care
Small, visible holes in Spray gun too close to with spray gun at the
coating (1/32 in.). Holes surface with air bubbléeing| optimum distance from
4. Pinholes generally appear in forced into coating. Sprapot| surface. Make sure gun is
' concentrations with aandom| pressure too high with properly adjusted. Ipinholeq
distribution. Pinpoint atomizing air pressure too | already exist, apply coating
corrosion in pinholes. low. Pinholes may exist in | by brush, working it into
the substrate (concrete) surface.
General corrosion in barer Apply coating in careful,
thin areas of surface which 3 ! . .. | consistent manner, making
. : Poor, inconsistent application. ) .
5. Holidays were uncoated by thpainter. ey, certain that no area®main
Most often in difficult areas ' uncoated. overlap eagbass
to coat. 50%.
Pinpoint rusting in area of
thin coating, usually at end| Discrete coating droplets
of spray pass or around a | which are not continuous Apply coating with care.
6. Spatter coat complex section oftructure.| over surface. Inconsistent Use even, wet spray with
- 9P Small spots of coatingvhich | spray passes not overlappedach pass overlapped 50%.
are noncontinuous over 50%. Spray gun filpped at| Use cross spray technique
substrate. In poor light may, end of spray pass.
seem continuous.
Pinpoint rust forming irthin . . .
) Improper solvent mixturegil | Once cratering occurgand
areas of bug eyes, fishyes, | . L .
. in atomizing air, surface or roughen crater area,
) or craters randomlgispersed S )
7. Cratering contamination, particulate Apply second coat byrush,
over coated area. May be . - g N
. . fallout during application, working coating intocratereq
more prevalent in thicker . .
) high surface tension. area.
sections
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® ImpedanceZ A W
Tute] BAAS AVt or SAHs= oM A4Fe o
slovt =ue] dvldX(impedance) =4 cto] =ute] WS FASE WH

or AFst =l dofM Aet F dAD FrF dva de A Uk
b

//\/\Impedance bridge
Regulator 2\
)

]

Test plate

—— Plate
——»

Fig. 2.16 Schematic diagram for impedance measuremtemethod.

A, A7 322 A9 Tyt
T2 ol FI Fof ugh AHIozA g Fig. 2.1PA K=
Hle} o] s Ao condenseg A 9] 7|F% 9Lt}

A
| |
11

Coating film

Fig 2.17 Schematic diagram of electical circuit fo coating film boundary.
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Fig. 2.18 Schematic diagram of tarp vector AC impedance measurement
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Sh 4 A o]
A

31.2. A3 9y

) Aga A=

Ik S 28 SS 40045 30emx20cmx0.3cm AL AlFAS A ze = g
of ZFal Ade fiE, 2E= & 2 Ve 29 E4E &4 AHSA AAT
T AvkAl B 2E AWz Sa 23 (9 FEU)HA @A e
oA HizE=(Ra7ZF 125-20m o7 H=s shdlon, =& Ao
125 718F9] oloje]ls ~xgela 7] 21T, AUlFE 65-70% oA =4
!

o] o] Axrw FA:= 25m= SArt LEga =] AHEE =R
THE U 22 5F3F = Adsdnh ZEE A FA|(TE), 3] &=
ol ZA(HE)St #l= A FANPE) Z2]al, SWlE =] o ZA|(SE) 9 At
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3.1 2

Table 3.1 Chemical compositions of heavy anticasive paints (wt%).

Type Coal tar High solid | Phenol epoxy] Ceramic epoxy| Solvent free
epoxy (TE)| epoxy (HE) (PE) (CE) epoxy (SE)
Epoxy resin solid 13.6 26 23 polymer 55.7 38
Coal tar 345 - - - -
Polyamide resin 6.6 - - - -
Amine adduct - - 3.8 - -
Polyamide adduct - 10 - - -
Aromatic amine adduct - - - - 13.75
Non-reactive diluent - - - - 8.75
Additive's solid 1.3 2.0 0.6 - 1.25
Pigments 31.2 50 52.6 44.3 38.25
Volatile matter 22.8 12 20 - 0
Total 100 100 100 100 100
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Corrosion potential ( mV vs. SCE )

* CE : Ceramic Epoxy, HE : High solid Epoxy, PE : Benol Epoxy, SE : Solvent free Epoxy), TE : coal TaEpoxy, Fe : Base steel
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Fig. 3.1 Varnation of comosion potential with immerdon day in natural sea water solution
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Fig. 3.5 Varnation of polarization curves of CE withimmersion days
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* CE : Ceramic Epoxy, HE : High solid Eggp PE : phenol epoxy,
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Photo. 3.1 Photographs of surface condition for vawus coated specimens.
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Table 3.3 Chemical compositions of heavy anticonoge paints (wt%).

Tar epoxy| High solid | Phenol epoxy Ceramic epoxy| Solvent free

Type (TE) | epoxy (HE) (PE) (CE) epoxy (SE)

Epoxy resin solid 13.6 26 23 polymer 55{7 38
Coal tar 345 - - - -
Polyamide resin 6.6 - - - -
Amine adduct - - 3.8 - -
Polyamide adduct - 10 - - -
Aromatic amine adduct - - - - 13.75
Non-reactive diluent - - - - 8.75
Additive's solid 1.3 2.0 0.6 - 1.25
Pigments 31.2 50 52.6 44.3 38.25
Volatile matter 22.8 12 20 - 0
Total 100 100 100 100 100
2) 49 =4 2y
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Fig. 3.29 Schematic diagram of test specimen.
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2
I

Table 3.8 = o] B =5 x4

Table 3.5 The kinds of coating for acceleration carsion test and cathodic

protection effect.

SELEE R

A Aol A

S| ZA|(HE), 3l o] ZA(PE) £WE

A(SE) ¥ A2t o £A](CE) 59| 5%

W)
t

Al

2 Aesg,

NEA(TE) =5 &

et
)

2

k1
o

H1
>

Mixing ratio The no. of coating

Kinds of coating and drying film Color

base : curing agent thickness

Coal tar epox 31 2 coating
poxy by volume (125:mx2=25Qun) Black

. . 4:1 2 coating
High solid epoxy by volume (125mx2=25Qm) Brown

Phenol epox 8.9:1.1 3 coating
poxy by volume (80umx2=24Qu) Pink

5:1 1 coating
Solvent free epoxy by weight (250m) Blue

Ceramic epox 5:1 1 coating
poxy by weight (250:m) Gray
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2% 0% wrn EAMAT 243 SIUAE 48D Al I
E3 §7F nFAQ 2w AP ASE WAEAe Yre Table 3.6
7} e}

Table 3.6 Chemical composition and property amgsis of bilge solution.

. - Salt

pH Dissolved Conductivity concentration | Oxalic acid| Fomic acid | Sulfuic acid
oxygen(PPM) (us/cm) %

6.7 5.2 43.9 2.8 Not detect Not detect Not detect

O =42 (A7:RA Steel, 1.8 25 7HHT Steel)

Table 3.7 The kinds of test specimens of RA steelnda HT steel for

coating protection.

Coating test specimen
Tar ng.h phenol solvent | ceramic
solid
€poxy epoxy |free epoxy| epoxy The no. of
2 1.5m: SRy test plate
-coa'tinm. a?g; g 15m | & 15m | g 1.5m | & 1.5m
9 - < lem g lcm g lcm < lcm
@ lcm: dilling
Wet con(jjltlon 1 1 1 ) ) .
(immersion)
Wet and dry
_ COI’ld.ItIOI’l 1 1 ) ) ) 5
(immersion and
exposure)
Total of test 9 9 5 5 9 L0
plate
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(9 74:RA Steel)

Table 3.8 The kinds of test specimens of RA steebrf coating with
cathodic protection.

coating(tar epoxy) + cathodic protection
aluminium anode zinc anode
remark
(%) .1.50m. n(?n & 1.5
-coating specimen % lem
2 1cm: dilling
Wet conqlmon 1 1 9
(immersion)
Wet and dry
_ COI’ld.ItIOI’l 1 1 9
(immersion and
exposure)
Total of test 9 9 n
plate
® AH4¥ HAFT FFHG @A wW e
A 34 FF - BB Advbe] WA A AHEEE Zn 2 AlfFoR
f S A FTF S A§
B. ¥4 A8 =7 - Table 3.} #t}.

Table 3.9 The kinds of scared test specimens forfbee and
after coating.

coating(tar epoxy) + cathodic protection coating prtection

@ 1.5cm: non-coating @ 1.5cm: non

@ 1cm: dilling @ lcm: dilling

specimen

-coating specimen

taping before coating

drilling after coating

tapingfdre coating

drilling after coatin
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Fig. 3.30 Surface and immersion condition of both aating-protection

and cathodic protection of test speuéen.
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Photo. 3.2 Surface condition
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Photo. 3.3 Surface condition of before and after immmeion for RA steel in coating-protection condition.
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Photo. 3.5 Surface condition of before and after immmsion for HT steel in coating-protection condition.
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Photo. 3.6 Surface condition of before and after immmsion for HT steel in coating-protection condition.
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Photo. 3.7 Surface condition of before and after imnmsion for HT steel in

coating-protection condition.
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Before immersion (Coal tar epoxy)

Photo. 3.8 Surface condition of RA steel before andfter immersion

in bilge solution.
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Photo. 3.9 Surface condition of RA steel attached wiitsacrificial anode before and after immersion in lige solution.
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Photo. 3.10 Vaiation of surface condition of tesspecimen coated with

tar epoxy in case of with and with sacrificial anode

after immersion 60 day.
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Fig. 3.31 Schematic diagram of experimental apparatusor pitting comosion susceptibility measurement

in all kinds of coatings.




Photo. 3.11 Experimental apparatus for pitting corsion

susceptibility measurement.
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Photo. 3.12 Surface condition of test specimen befomnd after piting comosion experiment.
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Photo. 3.13 Surface condition of test specimen befomnd after piting comosion experiment.
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Photo. 3.14 Surface condition of test specimens tvitremoved surface coating

films after immersion 10dag.
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