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The Performance of Urethane Elastmer Coating for Steel

Construction Materials

Hirofumi KiSHIKAWA and Masakazu OKITA

Synopsis :

30 years have passed since steel construction materials were used for base of the marine structures.
But their corrosion rate was over the estimation, so development of effective anticorrosive system have
been expected.

We examined the performance of 3 kinds of heavy duty coatings, urethane elastmer coating, tar urethane
coating and powderd polyethylene coating which is able to be coated in the mill.

Urethane elastmer coating is the best of 3 coatings. It had superior performance balance and especially
excellent corrosion resistance because of the primer which could keep adhesion strength in wet condition
even if without chromate treatment.

Urethane elastmer coating wasn’t damaged for driving test of coated steel sheet pile.

Now, urethane elastmer coated steel construction materials have been widely used for base of marine
structures.

Key words : construction materials; sheet pile; sheet pipe pile; heavy duty coating; marine structure;
urethane elastmer ; tar urethane ; powderd polyethylene ; corrosion resistance.
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Table 2. Urethane elastmer coating material.
Component
Base resin Curing agent
Item
1. Colour Gray Clear
2. Solvent No solvent No solvent

- Polyesterpolyol-
urethane oligomer
+ Pigment
(8i04, TiOq,
Carbon black)

3. Composition « MDI type isocyanate

4. Viscosity 1 500~2 500 150~450 cps (At 25°C)
cps (At 25°C)

5. Specific gravity 1.32 1.24

6. Mixture ratio Base rein/Curing agent=3/ 1 { Weight ratio)

7. Pot life 6~8 min at 25°

8. Curing time 2h at 90°C

Table 3. Polyethylene powder coating material.

Item Details

. Colour Black

. Composition + Low density polyethylene
* Buthyl rubber

+ Carbon black

DD

Table 1. Tar urethane coating material.
Component
Base resin Curing agent
Item
1. Colour Black Dark blown
2. Solvent No solvent No solvent
3. Composition + Polyetherpolyol resin * Polymethylene-
+ Tar polyphenyl-
« Pigment (BaSOy4, CaCO3)| polyisocyanate
4, Viscosity 6 140 cps (At 60°C) 117 eps (At 20°C)
5. Specific gravity 1.71 1.23 .
6. Mixture ratio Base rein/Curing agent=5.25/1 (Weight ratio)
7. Pot life 2 min at 20°C 30sat50°C
8. Curing time 10 min at 20°C 2 in at 90°C

3. Melting point 124°C (By DSC)
4. Specific gravity 0.928 g/cm®
g. Melt index 3.1 g/10 min

. Particle size 73 Mesh (Median)

Table 4. Evaluation methods on the heavy duty coatings.
Item Condition
Tensile property Condition
Basic Water absorption ASTM D638 : sample type IV, tensile rate : 50 mm/min
properties | Humidity permeability Free film, increased weight ratio after 1100 h in tap water
Oxygen permeability Free film, 100% RH/10%RH, 40°C
Free film, 100% 04 gas, AP = latm, 40°C
Impact resistance ASTM G14 ; punch diameter : 16 mm¢
Mechanical Bendaility DIN30671; 3 point bend beam, punch diameter : 50 mmé
ec amc:‘. Abrasion resistance Taber abrasion test ; CS-17, weight loss after 1 000 rotation (load : 1 kg)
PTOPETIES | A dhesion strength Pull off method ; pull rate : 10 mm/min, area : 3.14 cm?, peeling; 180° peel (10 mm width),
peel rate : 10 mm/min
Salt spray test 35°C, 5% NaCl spray, 30 days, with cross cut (90°)
Salt water immersion 3%NaCl immersion, 30 days, with cross cut (90°)
Corrosion Dry/wet cycle test 35°C, artifical sea water immersion 6 h/dry 6 h 60 cycles, with cross cut (90°)
resistance | Cathodic disbonding ASTM G8; initial holiday : 5 mm¢, 3% NaCl, 20°C, 30 days, 60 days,
Applied potential : —1.5V (vs. SCE)
Thermal gradient immersion Coating side 50°C 3% NaCl/steel side 30°C tap water, 30 days, 60 days
Weathering Accelerated weathering test Sunshine carbon arc weather-o-meter test ~8 000 h
resistance )
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Fig. 1. Elongation of coating films and tempera- Fig. 2. Water absorption of coatings and
ture. immersion temperature.
Table 5. Tensile strength and elongation on various anticorrosive coatings.
Item Tensile strength (N/mm?) Elongation (%)

Coatings —20°C 0°C 20°C 40°C 60°C —20°C 0°C 20°C 40°C 60°C
Tar urethane 26.0 28.7 12.3 7.2 3.7 2 12 20 29 38
Urethane elastmer 46.6 34.0 15.6 10.7 5.1 10 16 30 67 43
Polyethylene powder 24.0 18.1 11.5 8.2 6.0 >700 >700 >700 >700 >700

Table 6. Water absorption and permeability on various anticorrosive coatings.

Item Water absorption Water permeatioré coefficient Oxygen gas permeaté‘on coefficient
(1 100 h, wt% P. cm®:cm STP. em”:cm
() : Saturated mmHg:em?-s mmHg:em®:s
Coatings 23°C 40°C 60°C 40°C 40°C
Tar urethane 1.1 1.4 1.0 1.06x10~° 1.25x10”1
Urethane elastmer 0.5 1.0 2.3 9.32X1079 1.70X107 11
Polyethylene powder (0.1) (0.3) 0.7 6.40X10 1.02X10
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Table 7. Mechanical properties on various anticorrosive coatings.

Item Initial adhesion strength

Urethane ; pull off method (N/cm?) Polyethylene ; peeling (N/cm)

Abrasion resistance
Taber abrasion test
CS-17 1 000 rotations

Coatings —20°C 0°C 20°C 40°C 60°C 23°C

Tar urethane 710 840 1280 C>670 C>270 128 mg
Urethane elastmer 450 540 S>1060 S>840 S>400 54 mg
Polyethylene powder 260 185 90 70 25 13 mg

S : Adhesive/Coating interfacial disbonding C : Cohesive destruction of the coating
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Fig. 4. Bendability of coatings and temperature.
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Table 8. The change of electric resistance on various anticorrosive coatings after corossion test

(m?; coating thickness 2 mm, test area 5X5 mm).

Test Initial 3% NaCl immerrsion test Thermal gradien test
Coatings mitia 60°C 30 days 50°C/30°C 30 days
Tar urethane 4x108 1x 108 B 2x108
Urethane elastmer 5% 199 3x10? 5% 10%
Polyethylene powder >1010 5x10° 1x 1010
50 100
NC | WC
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D/W : Dry/Wet 60 cycles (30 days)

SI: 3% salt water immesion test 30 days
SST : Salt Spray Test, 30 days

Fig. 5. Corrosion resistance properties and effect
of chromate treatment for anticorrosive coatings.
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Fig. 6. Cathodic disbonding resistance of anti-
corrosive coatings with chromate (WC) and
without chromate (NC).
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