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A Study on the Improvement of Corrosion Resistance
at Ship’s Ballast Tank Steel Material
by Effective Paintings and Hot-dip Coatings

Kyung Tae Kim

Department of Maritime System Engineering

Graduate School of Korea Maritime University

Abstract

Recently corrosion problem of ocean-going vessels becomes to attract
strong attention. Especially, the main issue comes from corrosion in the
ships’ ballast tank. Almost all the ships, in general, adopt the painting
protection to prevent corrosion in the seawater ballast tank, but
deterioration or damage of painted coating surface causes corrosion of
ship’s ballast tank. Thus International Maritime Organization (IMO)
legislates Performance Standard for Protective Coatings (PSCP), and it
comes to enforced from 2008 year. As a result of PSPC, the protection
methods on paint coating will be more complicated than before.
Moreover, it will be very costly to comply with the strengthened
regulation. For this reason, each coating method on ballast tank for
corrosion  resistance  was  estimated such as  PE(polyethylene),
PA(polyamide), pure epoxy, hot-dip galvanized coating(Zn) and hot-dip
aluminized coating (Al) and so on.

Consequently, considering an actual state, this paper intends to present



a basic guide line to design and installation by analyzing and forecasting

corrosion tendency and rate of all the coating materials.

From the result of this study, conclusion are as follows.

-.  P.E(polyethylene), P.A(polyamide), pure epoxy showed superior
properties to hot-dip galvanized coating(Zn), hot-dip aluminized coating
(Al) whenever defect like scratch, desquamation and deterioration didn’t
occur. And then, P.E. and P.A, which relatively have good adhesion
properties, showed better corrosion resistance than pure epoxy when Fe
base metal is exposed in seawater environment locally by damaged

coating surface such as scratch, desquamation or deterioration.

-. Hot-dip galvanized coating(Zn) and hot-dip aluminized coating (Al)
had a sacrificial effect for Fe, which play a role to protects and keep up
base metal for the time being accordance with time, environment and

thickness of sacrificial anode.

Through the comparison and analysis of coating materials for ballast
tank, tendency of corrosion resistance properties was investigated.
In the future, proper application of above mentioned coating methods
should be recommended for the protection of ballast tank in seawater

environment.
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Corrosion : O Separation of atoms from metal surface

® Reaction with environmental factors

To be corroded

Atoms must be separated

l

Ionization

(at metal ion and free electron)

l

Differential potential

(because of internal or external inequality)

l

| Movement of free electrons |

|

| Formation of corrosion cell |

l

| Corrosion current |

l

Separation of atoms from metal surface

(Quantity of separation is relate to their equivalent)

(---Faraday’s law)

|

Corrosion

Fig. 2.1 Processes of corrosion
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electrolyte

T
@ ion @
Oxidation Reduction
Al — AI® + 3e 0;+2H,0+4e — 40H~

Anode 2 Cathode '

Free electron v
. =«e®
. =~

Metal Current

Fig. 2.2 Schematic diagram of corrosion reaction

Electron

I e

Electrolyte

Al ion

Oxygen

o -
O ©
Cathode Anode

O#2H,0+ 46 ——» 40H Al —» AP+ 3¢

Fig. 2.3 Anodic and cathodic reactions of steel in electrolyte
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2.0} 12.0
: Passivity
FesOO0H is stable and coats the iron
1.2 - surface, protecting it from corrosion 11.2
\\- W
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“1. 2 Cathodic Protection 1-1.2
Immunity
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pH

Fig. 25 E-pH diagram of Fe (steel)
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Hydrogen damage

Surface cracks

Blister
—v\/“] s o
Internal voids
Galvanic Intergranular
Active Noble
Crevice Dealloying
‘ — 7 Layer Plug
Cavitation .
Erosion Fretting

Pitting — L

Environmentally induced cracking

Stress—corrosion

Corrosion fatigue  Hydrogen—induced cracking

(&)

(3)

Fig. 2.6 Schematic summary on the various corrosion forms
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Fig. 2.7 Polarization test methods
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Stage Flow chart
Steel Primary surface > Shoppr iming
stock preparation
Block assembly
Block
t . .
stage Outfitting N
painting
v
Application Secondary
specified coats surface
L4
Painting before
launching
v
Dock and Application of
Quay stage top coat
A4
Delivery

Fig. 2.9 Processes of painting work procedure at block and quay stages
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Note Condition-1 Condition-2 Condition-3
base metal pre—Sheat 200°C 240C 210°C
temperature (C)
powder mixed air 5 6 6
pressure(Kgf/cm?)
air pressure (Kgf/cm?) - - -0.5
distance (Cm) 40 40 40
coating condition turn on fire turn off fire turn on fire
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Condition-1

Note
base metal pre-heat
temperature ()
powder mixed air
pressure(Kgf/cm?)
air pressure (Kgft/ cm’)
distance (Cm)
coating condition

Table 3.2 Preparation conditions of P.A coating




Hot-dip
Aluminizing (Al)

Coating
Picking (HC1-20%) Picking (HCI-20%) Reaction
4 $ $
Water Washing Water Washing Filtering
2 \ 4 4
Fluxing Fluxing _ [ Blendering |
(water solubility) (water solubility) ‘
& L 4 | Coating |
Drying Fluxing
i (melting solubility)
Hot Dip Galvanizing ‘
-99.99%
{Zn ) Drying
¥ 3
Socon Hot Dip Galvanizing
(Al-99.99%)
Air Cooling
4
Chemical Cleaning
4
Water Cooling

Fig. 3.2 Process of hot-dip galvanizing, hot-dip aluminizing

and pure epoxy coating

_47_



o
flo
re
i
o
ofo
(o
il
N
>
<
U1
N
A
ofN
=il

(o]
>,
o
re
Lo
=
o,
>
™
o
i)
Auf
B9
o

& oo
>
)
rlo
IR
4z
o
ofo
do
ik
i
=
el

el
e
ofo
do
£
re

% b
ol
=
>
2
9@
=g
el
21
oL
SE

Lo

712 27X 2 AZsA T Fig 33904 e e AZE 9% Ad
HE 10 cm x 10 cm WA 5 mm F7A°]H, olgf&E AJFHES 5 cm x 5 cm

HA 5 mm F7 o]tk

o)

S8UR0lE=H SSOUER PolyAmid  Poly Ethylene

Fig. 3.3 Photo of specimens

_48_



32 PE PA ¢ o124 28 & 8¢ £7 %9 W44 B}

321 A7155 4 FES H FAY 243
7188 F2 AP Q] LHl & ~ELE (potentiostat)= P19 Gamry
InstrumentA}2] CMS 100A] 2281 AF8-3}99th. #=% X (polarization cell)=
AlgA] s (working electrode)? W& o) = (counter electrode)©]
Mz F=H 550 Ha d32 7|8 =(Ag/AgCl, SSCE)°] &%= 34
TAsEAT olu] EFAI A FAMEE(scan rate)= 1mV/sec U
A9 Aol HEH 4183 A 9l (redox potential, Ereaox) T 3537
=S Wa(Pt) A 02V/SSCE ©o]Uth. Fig. 34 £ AFA A ALE

A713ketd B4 Hex 9 I AEANS Yehdh

Lo
oiN

e

_49_



Potentio-stat ﬁ

Salt bridge

Reference
electrode
Co r
(SSCE) ele e

/3% acl

7
Workin
Electrode

(@) Schematic illustration of electrochemical polarization test

Potentio-stat Reference electrode(SSCE, silver/silver
chloride reference electrode

working electrode Pt counter erlectrode

(b) Photograph of electrochemical polarization test

Fig. 3.4 Schematic illustration and photograph of electrochemical

polarization test
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Fig. 3.5 Photos of specimens for natural potential measurement
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Fig. 3.7 Observation of specimens after salt spray test

('x” scratched specimen)

Fig. 3.8 Photographs of SST(salt spay test) apparatus and equipped

specimens
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method of corrosion resistance

test

electrochemical
NO specimen SST(salt spray test)
test

1 Iron

2 PE :PolyEthylene

3 PA : PolyAmide

4 Pure epoxy

5 Hot-dip aluminizing

6 Hot-dip galvanizing

Fig. 3.9 Test specimens for corrosion resistance
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Table 4.1 Corrosion rates of ballast tanks

. Corrosion rate (mm/yr)
Conditions of tank :
min. max. average
A No ballast 0.0724 0.228 0.129
B Dirty ballast tank 0.091 0.291 0.158
C Clean & dirty ballast tank 0.129 0.355 0.229
D Clean ballast tank 0.242 0.366 0.314

Table 4.2 Average corrosion rate for tanks

Kind of tank Standard of corrosion rate (mm/yr)
Oil(only) tank 0.14

Dirty ballast tank 0.18

Clean ballast tank 0.31

Ballast(only) tank 0.71

Aulm o] 714 oA

_l_?L
804 %S At gom FaEAe] 158 %olm W EAO] 39%E x1HA
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. Corrosion & Wear rate (mm/y)
Ship type 0 0.5 1.0

L

Oil tanker 0463

Ore carrier 0.76

Bulk carrier 84

General cargo 0.48

/ 0.90

Total 0.61

Timber carrier

NI/

(@) Max. corrosion & wear rate according to ship type

ohi Corrosion & Wear rate (mm/y)

Ip type | 0.5 1.0
Oil tanker 0.42
Ore carrier \ 0.27
Bulk carrier / 0.27

!

General cargo 0.20
Timber carrier 0137

Total 0.25

(b) Average corrosion & wear rate according to ship type

D : 10 % Above @® :50 % Above O : Average

Fig. 4.3 Corrosion & wear rate according to ship type for one year
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Condition-1

Condition-2

Condition-3

Preheating
200C 240°C 210C
temp.
Gas burner OFF OFF ON

Phot of
surface
thickness
Excellent Excellent Good
uniformity
condition fo more rough than
Rough smooth
surface condition-1
-plenty protuberance
increasing of the
size of protuberance
-plenty protuberance
decreasing of the
rcause - No protuberance
number of protuberance
Properties | : thin plate(5t)
-cause
: low temp.
it was difficulty to
: cold weather
spread out P.E on
surface for decreasing
of the temperature
Determining
Optimum Preheating temp. 210°C, Gas burner ON, Condition-3
Condition

Fig. 4.4 Resulst of P.E coated specimens according to each condition
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Condition-1

Condition-2

Condition-3

Preheating
200C 200°C 210C
temp.
Gas burner OFF ON OFF

Photo of

surface

Properties - No part of soot |- become partily soot

) - Good thickness
Thickness almost constant - burned part: uniformity : miximum
uniformity 650 + 50m thin:200~300zm difference of thickness
2004m

Determining

Optimum Preheating temp. 210°C, Gas burner OFF, Condition-3
Condition

Fig. 4.5 Results of PA coated specimens according to each condition
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Average thickness of hot-dip galvanized Zn coating : 74(+10)um

specimen

Cross section

X 200

X 500

Fig. 4.7 Photos of cross section of hot-dip galvanized coating film

Average thickness of hot-dip galvanized Al coating : 74(+10)/m68(+10)xm

specimen

Cross section

X 200

X 500

Fig. 4.8 Photos of cross section of hot-dip aluminized coating film
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Fig. 49 Electro chemical polarization curves of no-scratched specimens

in 3% NaCl solution
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Fig. 4.10 Electro chemical polarization curve of bare metal(iron)

in 3% NaCl solution
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Fig. 4.11 Electro chemical polarization curve of P.E coated specimen

measured in 3% NaCl solution
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Fig. 412 Electro chemical polarization curve of P.A coated specimen

measured in 3% NaCl solution

| —v— Pure Epoxy |

2.0+

1.5

1.0

0.5

0.0 1

AAARAN

-0.5

AN
o
1

Polarization Potential (V/SSCE)

1x1I0'10
Current Density (u A/cm?)

Fig. 4.13 Electro chemical polarization curve of pure epoxy coated

specimen measured in 3% NaCl solution
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Fig. 4.14 Electro chemical polarization curve of hot-dip aluminized

coated specimen measured in 3% NaCl solution
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Fig. 4.15 Electro chemical polarization curve of hot-dip galvanized

coated specimen measured in 3% NaCl solution
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No. Specimens

Before experiment

After experiment

1 Iron-Base metal
) PE
:PolyEthylene

3 PA:PolyAmide

4 Pure Epoxy

Hot-dip
5 aluminizing

(AI-G)

Hot-dip
6 galvanizing

(Zn-G)

Fig. 416 Observation of specimens before & after polarization

measurement in 3% NaCl solution
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Fig. 4.17 Impedance curves of various no-scratched specimens measured

in 3% NaCl solution(initial conditon)
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Fig. 4.18 Impedance curves of various no-scratched specimens measured

in 3% NaCl solution after 2 months SST
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Fig. 4.19 Comparison of curves for P.E coated specimens measured

in 3% NaCl solution
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Fig. 4.20 Comparison of curves for P.A coated specimens measured

in 3% NaCl solution
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Fig. 421 Comparison of curves for pure epoxy coated specimens

measured in 3% NaCl solution
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measured in 3% NaCl solution
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Fig. 4.27 Observation of X-scratched specimens according to SST time (8-30days)
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Fig. 4.28 Observation of No-scratched specimens according to SST time (1-7days)
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Fig. 429 Observation of No-scratched specimens according to SST time (8-30days)
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Fig. 431 Observation of X-scratched specimens according to SST time (8-30days)
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Fig. 4.33 Observation of No-scratched specimens according to SST time(8-30days)
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