EHIR

)1 iy LBk 7
KAWASAKI STEEL GIHO
Vol.19 (1987) No.2

BORY VI T A b ~—EI X L ER Rk OB
Newly Developed Coloured Polyurethane Elastomer Coating Heavy Duty Steel
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Synopsis :

New coloured polyurethane elastomer coated steel structures with top coating of acrylic
urethane have been developed for marine and harbor environments. Polyurethane
elastomer coatings contain a little aliphatic isocyanates, which have colour-change
resistance, together with aromatic isocyanates and chelate agents, which restrain the
advent of diquinone imide structures formed by a photo-catalysed autoxidation process.
Acrylic urethane as a top coating consists of aliphatic isocyanates and aliphatic acrylic
polyols and colour pigments. Surface treatment and the polyurethane elastomer coating
layer have good adhesion, good mechanical properties and anticorrosion properties. The
top layer of acrylic urethane has good weathering properties. This new coloured
polyurethane elastomer coated steel can be used for marine and harbor structures to

meet both an added safety for ship sailing and environmental colour harmony.

(c)JFE Steel Corporation, 2003

ALNIRDON—V N bEETE X7,




ZRRUILYVISRAMI—HWEICLD

EFAMM O

J s L gk £
19 (1987) 2, 111-118

Newly Developed Coloured Polyurethane Elastomer

Coating Heavy Duty Steel Structures
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Synopsis:

New coloured polyurethane elastomer coated steel structures with
top coating of acrylic urethane have been developed for marine and
harbor environments. Polyurethane elastomer coatings contain a lit-
tie aliphatic isocyanates, which have colour-change resistance, to-
gether with aromatic isocyanates and chelate agents, which restrain
the advent of diquinone imide structures formed by a photo-catalysed
autoxidation process. Acrylic urethane as a top coating consists of
aliphatic isocyanates and aliphatic acrylic polyols and colour pigments.
Surface treatment and the polyurethane elastomer coating layer have
good adhesion, good mechanical properties and anticorrosion proper-
ties. The top layer of acrylic urethane has good weathering proper-
ties. This new coloured polyurethane elastomer coated steel can be
used for marine and harbor structures to meet both an added safety

for ship sailing and environmental colour harmony.
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Fig. 1 Effect of pigments on high density polyethylene tested
by weatherometer (1, natural; 2, TiO; anatase; 3, TiQ,
rutile; 4, phthalocyanine blue; 5, cadmium yellow; 6,
cadmium red; 7, phthalocyanine green; 8, carbon black)
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Table 1 Effect of aromatic and aliphatic isocyanates on coating
properties of polyurethanes

Aromalic  Jaliphatic
tsocyanate®] isocyanute®®

Elongation (94) 186 | 146 92 67 54
Tensile strength (kgffem?®) 93| 128 | 176 | 202 | 216
Hardness (Shore D scale) 29 39 04 60 63
Adhesive strength (kgljem?) 63 74 93 | 108 [ 110
Impact strength (kgf-m) 3.6 3.3| 3.2| 3.1 3.0
Hot salt water resistance®®#

{mm) >25 12 4 0 0
Salt spray test®* (mm) >25 8 2 0 0
Cathodic peeling resistance®*#* =

(mm) >35 20 3 0 0

Electric resistance®*#* ({)m?) 5;.1107 ZX"E]OB 1><. %Og i ?09 9><.§09

Weathering resistance***zﬁjE) 26| 38| 5.4 76| 115

* Aromatic isocyanates: Crude MDI (diphenylmethane-4.4"-

diisocyanate) /\‘—CHzNCO
#¥ Aliphatic isocyanates: Bis (isocyanate ‘ |
ethyl) cyclohexane
N
CH:NCO

##% Delamination length of coating laver after 30-day test
#h#F Electric resistance after 30-day immersion test in a 3% NaCl
solution at 60°C
#rrek Colour difference after 2 000-h test by weatherometer

BRI,
Acrylic polyol
CHz
cwrcnﬁmcm—$er&cm—cnﬂr
COOCIH  COOCH:CH:—OH
COOCTICTT — O \

Hydroxy ethylacrylate
Methyl methacrylate

Polvisocyanates
f
CH:—QC—NI—{(CH:)s—NCO
CIHCHa—CCIT “OC‘J —NH—(CII[2)si—NCO

| 0
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O
Hexamethylene diisocyanates adducts
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Table 2 Compositions of polyurethane elastomer coatings of
the conventional black type and new coloured type

New coloured-coating
Items Black coating {Double layer)
Under coating Top coating
Caster oil and Caster oil and Acrylic polyol
other polyols other polyols 77%
2% 6124 | Additives and
Polvols Additives 449 | Additives and pigments  23%,
Yol Carbon hlack other chelate
3% agents 399
Aromatic hydro- | Pigments
carbons 129% 3~15%%
Polyisocy- Hexamethylene
an:ites Crude MDI Crude MDI diisocyanates
adducts
Mixing !
ratio®* by 4 3 4
weight
Density at
25°C 1.40 1.28 1.32
(gfem®)

* Amounts of pigments vary by colours
*## Polyolsfpolyisocyanates

Coloured top
coating layer

Filim thickness
0.05~0.2 mm

2.0~25mm

Epoxy primer

10.03~0.05 mm

_Stee} © Chemical

" Steel
treatiment -

(a) Black coating {b) New coloured coating

Fig. 2 Comparison of polyurethane elastomer coated steel
structures between the black type and new coloured
type
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Table 3 Effect of surface treatment on heavy duty coating

Tahle 5 Coating properties needed for heavy duty coating steel

properties structures for long term use
I‘gf(f[')‘;'.}‘igi’;‘ Anti-corresion properties 1. Adhesion strength {Pull off method)------ above 40 kgf/em?
Hot |7 [Ca- Total at room temperature
Surface treatment | agpe | 1m. salt Salt th()%!ic Elect- g\t’iﬂlu- . P
N on
sion | pace| WA | SPRAY |pecng it 2. TImpact strength (ASTM G 14) «-eoeeeenee above 3.0 kgf-m
ance ance i ance at room temperature
Chemical
treatment | O O © © o © @ 3. Hot salf water resistance »ovovreereaneeieanes No peeling from edge
Chemical {(30-day immersion in a 3% NaCl at 60°C)
4 treatment | O @] ] © © O (¢}
E[:mxe;’(;i{mpe?mer 4. Salt Spray test Tesistance oo No peeling from edge
composing chro- O e} A A A O A (30-day test in a 5%NaCl fog at 35°C)
mate pigments
Inor- % A A % x A « 5, Cathodic peeling resistance «-ccooeriveeees No peeling from
Zinc rich | AW - {30-day test ina 3%KCliat —1.6V an initial hole
primer ] vs. SCE at recom temperature)
Organic| Q Fay Fay X X A %
- - 6. Weathering resistance ro-oeceeerearinseanns Colour difference <5
Epoxy O O A A Fa O A (8 000-h test by weatherometer})
Primer
U"t‘ﬂ s O A A A O A 7. Life expectancy of heat resistance «»+-veoer above 40 years
ane by torsional braid analysis at 80°C
N f
o sur atclf:eatment A A X X # A x
© Excellent, O Good, A Fair, x Poor
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Tuable 4 Environmental degradation factors and coating pro-

perties needed for heavy duty coating steel structures
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Fig. 3 Tensile properties of polyurethane elastomer coating

film (pull speed 50 mm/min, test temperature 23°C,
film thickness 2.5 mim}
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Table 6 Mechanicat properties¥ of pelyurethane elastomer
coatings coated on steel plates

Film Adhesion®* Impact Hardness
thickness strength strength {Shore D
(mm} (kgffem?) {kgf-m) scale}
Black
coating 2.2 115 3.5 68
New
coloured 2.2 120 3.8 68
coating

# Test temperature: 23°C
#t Pull speed: 5 nur/min

200

—_

t4]

<
T

T
O

100

Adhesion strength (kgf‘em?)
g
T

Temperature {C)

Fig. 4 Temperature dependence of adhesion strength of the
new coloured polyurethane elastomer coating coated on
a steel plate (Pull speed 5 mm/min)

- New coloured coating
ar (2.5 mm)

Polvelhylene
(2.5 mm)

Impact strength (kgf-m)
[95]
T
(=]
X
@]

.\o
i Tar epoxy (0.8 num)
Onnm Q0= o

—20 0 20 40 G0
Temperature ('C)
Fig. 5 Temperature dependence of impact strength of the new

coloured polyurethane elastomer coating coated on a
steel plate
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Fig. 6 Time dependence of electric resistance of the new col-
oured polyurethane elastomer coated steel plate ina 3%
NaCl solution at 60°C
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Photo 1 Appearance of **black’” and “‘new coloured”” poly-
urethane elastonter coatings afier accelerated weather-
ing test by weatherometer
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Fig. 8 Amounts of film thickness reduction of *black'” and
“new coloured’ polyurethane elastomer coating after
accelerated weathering test by weatherometer
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Fig. 9 Lnpact strength of “‘black’’ and *‘new coloured’” poly-
urethane elastomer coatings coated on steel plates after
accelerated weathering test by weatherometer
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tomer coating by torsional braid analysis
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Photo 2 New coloured polyurethane elastomer coated steel
sheet piles (Upper, green; lower, blue)
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Lower: Yellow

Photo 3  Appearance of new coloured-acrylic urethane top coat-
ing
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Fig. 12 Coating method at interlock parts of new coloured
polyurethane elastomer coated steel sheet piles
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Fig. 13 Repair methods of damaged areas of new coloured
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