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Development of 3-layer Polyethylene Coating System for TLP Tendons
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Synopsis
]

Recently Tension Leg Platform (TLP) technology has been applied in developing deep water-oil/gas wells. Shell
Offshore Inc. (SOI) installed a record-setting TLP in the Gulf of Mexico Auger Field.
As corrosion protection for the TLP tendon pipes, 3-layer polyethylene coating system, consisting of thermo- setting

liquid epoxy primer with chromate pretreatment, modified polyethylene adhesive and polyethylene layers, was applied for

the first time because of its good performance and economy.

This paper describes an investigation into the effects of chromate treatment and liquid epoxy primer on adhesive

durability. The results for actual tendon pipe coating are aiso introduced.
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Table 1 Comparison of coating properties between PE and FBE

1.Excellent chemical stability
2.High resistance to mechanical damage
Polyethylene * Indentation resistance at 60°C
(PE) (DIN 30670) : 0.10 mm
* Impact resistance at 60°C
(ASTM G 14) : 1.5 kgf*m

1.High strength at high temp.
(80~100°C)

* Indentation resistance at 100°C
(DIN 30670) : <0.01 mm —40~100°C

* Impact resistance at 100°C
(ASTM G 14) : 0.3 kgf'm

2.Good adhesion to steel

—45~80°C

Fusion bonded epoxy
(FBE)
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Steel pipe Chromate pretreatment

and liquid epoxy primer

Film thickness

Polyethylene 2.5—5.0 mm

Adhesive 0.2—0.5mm

Epoxy primer 10—50 gm

Chromate 0.1 zm (Cr deposition : 100—1 000 mg/m?)

Overall thickness 3.3—5.6mm
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Table 2 Properties of chromate and epoxy primer

(1) Chromate
Specific gravity | — 1.195+0.010
pH (at 20°C) — 2.5x0.15
Total chromium |wt % 13.5~15.2
Cr®+/Cr total — 0.59~0.65
Silica wt % 12.5

(2) Thermosetting liquid epoxy primer (Two pack type)

Hace 1esin Epoxy resin (Bisphenol A type)-+additives

ik
| Hardener Specially modified organic amine

I
;
i
!
L
hi

Type Non-solvent liquid

2 : 1 (Base resin : Hardener)

Mg ratio
i ,

Liquid epoxy primer
application

Side extrusion of modified polyethylene
adhesive and MD polyethylene

] I Water quenching
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Hot cure
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Fig.4 3-layer PE coating process
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Table 3 Properties of adhesive and poiyethylene
(1) Adhesive (Maleic anhydride modified polyethylene)

Tvpical test resalt& -

Density g/cm? 0.93
Melt index 2/10 min 0.9
Vicat softening point °C 98
Tensile strength | kfg/cm? =170
Elongation % =800

(2) Polyethylene (Mlddle den31ty type)

Dens:ity
Melt index g/10 min 0.21
Vicat softening point °C =115
Tensile strength | kfg/cm? =250
Elongation % >500
Hardness (Shore D) - =55
Water absorption % 0.02
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Table 4 Laboratory test

1.Sample type
@ Type : Sheet panel

+ Polyethylene :2.5mm

+ Adhesive :0.30 mm

* Epoxy primer :10—50 xm
+ Chromate 250 mg/m?

® Sample size
+ Hot salt water immersion — 100 mm X 50 mm
+ Cathodic disbondment — 150 mm X 70 mm
2.Test condition

Hot sali water Immer»sm‘

Polyethylene

Y

Steel Edge part

ijciLhafizc dz:hcmdmm V

+ Solution : 3% NaCl
+ Temperature : 80°C
+ Duration : 14 days

* No peeling from edge part

. Electrolyte

: 3% NaCl
+ Temperature : 20°C
+ Potential : 30 days
+ Duration : —1500 mV (vs SCE)

* Initial holiday 5mm ¢

w

.Evaluation

Percentage of adhes1on loss area
(Adhesion loss area/Test areax100)

Max1mum dlsbondmg length from the initial hohday
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Table 5 Mechanicai properties of actual coated pipes

i

-
% Standard

OO pO VS SE S E

| - ‘ -
;  Dropetties E Unit % Lol resulis
Adhesion strength DIN 30670 | kgf/cm >20
. No break down
Impact resistance DIN 30670 (Impact energy : 1.2 kgfm)
Indentation resistance | DIN 30670 mm 0.075—0.090
Elongation of PE sheet | DIN 30670 % 600—900
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Table 6 Effect of bearing stress on actual coated pipe properties

Properties Unit Condition deso el
Before bearing test | After bearing test
Decrease of coating thickness mm = 0 0.1—0.2
Adhesion strength kgf/cm 23°C >20 >20
Hot salt water adhesion kgf/cm 75°C immersion Gk 675" 0 fat (ZS“ 0
Cathodic dishondment resistance mm 65°C X 48 hours 2—3 23
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