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Durability of Various Coated Steels in Sea Water
Teruo TAKAMATSU and Hirotada KAToU
Synopsis :

Tar epoxy coating and mortar lining have been utilized for internal protection of steel pipes for sea
water. However, these coatings are often damaged by the fouling of marine organisms. Therefore, we
made sea immersion test and sea water loop test on inorganic and organic coatings in order to investigate
the durability of them. The marine organisms grew on all coatings, but the coatings of high hardness were
hardly damaged by marine organisms. Pure-epoxy and polyurethane coatings were the best among the
coatings investigated ; their properties in impact strength, bending stiffness, electric resistivity and adhe-
sion strength were unchanged after the immersion and loop tests.

Key words : epoxy ; polyurethane ; coating ; internal protection ; marine organisms ; sea immersion test ; sea

water loop test ; coated steel pipe.
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Table 1.  Specimens (Sea immersion test).

Coating Barcol Surface
No. Material thickness hardness roughness Ry,
(um) (um)

1 Tar-epoxy 1200 31 12
Pure-epoxy

2 (Solvent type) 600 58 8
Polyurethane

3 (Inorganic primer) 4000 65 3
Polyester

4| (Glass flake) 1200 9 30

5 Polymer-cement 5 000 62 130
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test.

Ilustration showing the sea water flow

Table 2. Experimental conditions.

Tests Condition

Quantity of marin organisms| Method by weight

Pull-off method

Adhesion strength
Stamp : 78.5 mm@, Temperature : 23°C

of Barnacles

Adhesion strength
of coating

DIN 30671 method I or I
Stamp : 314 mm®, Temperature : 23°C

Chloride analysis EPMA analysis

DIN 30670 Volt: 100V
Area : 0.03 m®, Temperature : 23°C

Electric resistance

Bending angle

coating
2

_180 ¢
r  r+1/2t
t=Pipe wall thickness

r=Radius of mandrel

ASTM G-14, Dia : 16 mm¢

Impact strength
Temperature : 23°C

50 m3/min (EHE : # 1.7 m/s) TITo 7.
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Fig. 3. Relation between surface roughness and
quantity of marin organisms.

o 1201
:
1 -
5 00 °
o ©
§ 80r o o
8 ° o
S 60 o °.°
£ o
é 0° o o © 8
o}
5 4or 00 Q
2> o© ° o
L o
§ 20 o 3
ol . A

6 20 40 60 80 100 120
Barcol Hardness

Fig. 4. Relation between Barcol hardness and
quantity of marin organisms.
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Photo. 2. Inner surface of coated pipes after sea water loop test (4.5 years).
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Fig. 5. Relation between surface roughness and
adhesion strength of barnacles.
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Fig. 6. Relation between Barcol hardness and
adhesion strength of barnacles.
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Fig. 7. Change in adhesion strength of coated
layers with time.
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Fig. 9. Change in the electric resistance of coated
layers with time (Sea immersion test).
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Fig. 10. Change in the bendability of coated
layers with time (Sea water loop test).
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Fig. 11. Change in the impact strength of coated

layers with time (Sea water loop test).
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