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Performance of External Polyethylene Coating on Large Diameter Pipes in High
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Synopsis :

In order to determine the maximum operating temperature of pipelines with external
polyethylene (PE) coating, the durability of mechanical properties and water resistance
of the coating were investigated over a temperature range from 20°C to 100°C. The
results are summarized as follows: (1) Higy-desity PE coating shows remarkably high
penetration resistance up to 80°C. (2) The lifetime of the high density PE coating is
etimated to be more than 40 years at 100°C under dry conditions on the basis of
Arrhenius plots of oxidative induction time and elongation at break. (3) When heat is
transmitted from the steel pipe to PE coating during operation of pipelines, the
high-density PE coating has sufficient auticorrosive properties for prolonged periods in

hot water environment due to the low water permeability of the coating layer.
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In order to determine the maximum operating temperature of pipelines with external polyethylene {PE)

coating, the durability of mechanical properties and water resistance of the coating were investigated over a

temperature range from 20°C to 100°C. The results are summarized as follows:

(1) High-density PE coating shows remarkably high penetration resistance up to 80°C.

(2) The lifetime of the high density PE coating is estimated to be more than 40 years at 100°C under dry condi-

tions on the basis of Arrhenius plots of oxidative induction time and elengation at break.

{3) When heat is transmitted {rom the steel pipe to PE coating during operation of pipelines, the high-density PE

coating has sufficient anticorrosive properties for prolonged periods in hot water environment due to the low

water permeability of the coating layer.
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Table 1 Properties of PE for pipe coating

Item Test method Units 2::1':5;“5;::."1
Density ASTM DD 1505--67 g/ em? 0.950~0.955*

Melt flow index ASTM DD 1238--65T £/ 10min 0.18§~0.22
Softening peint ASTMI»1525- 65T C 120125
Melting point ASTM D 2117—64 C 125~130
Brittleness temp, ASTM 1) 746-55T "C < —~ 80

Disruptive voltage ASTM D 14964 kV. mm >35

Hardness ASTM D 2240—68 Shore 1) scale 6065
ESCR** ASTM DD 1653 I";0. hour >1000

* Final carbon content : 2.5% weight
«+ ESCR : Environmental Stress Cracking Resistance
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Table 2 Effect of the density of PE on peel strength and mtermediate
eleciroresistance of Pl coated on pipes after immersion in
3% NaCl solution for 30days at 60°C
Peel strength Intermediate clectroresistance”
Neo. Density of 'E at room temp. in 3% NaCl solution at room Lemp.
{(kgf/em) (£2m?)
1 High density PE 28.7 4.6x 10"
{density : 0.945) (29.8)"" (5.4x10173°"7
2 Low density PE 24.7 37101
{density : 0.930) (28.3)"" (56x103""
« According to DIN 30670
++ Peel strength at room temperature before immersion
«x& Intermediate electroresistance at room temperature hefere immersion
Table 3 Effect of temperature and the density of PE on cathodic dishonding of 'K
coated on pipes with an artificial damage of 5mm diameter in 3% NaCl
solution
Length of delamination” l.ength of delamination”
No. Density of PE at room temp. for 60 days at 60°C for 21 days
(mm) {mm}
High density PE
1 [density : 0.945) 4.2 123
Low density PE
z fdensity : 0.930) 45 177
s Length of delamination is the distance between the edge of artificial damage and detachable
point of coating layer
Voltage between electrodes: 3.3V
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Table 4 Effect of temperature gradient on hot salt resistance and cathodic protection of
PE coated on pipes with an artificial damage of Smm diameter after 30 davs
tests
n ) Temperature®  of Temperature of Length ™™ of
Na. Test methads PE coated side steel pipe side delamination (mm)
1 Hot salt resistance 60°C 43°C 43.1
2 » 60°C 90°C 4.5
3 Cathodic disbonding ™™* 60°C 90°C 10.5
* Immersed in 3% NaCl solution
»» Length of delamination is the distance hetween Lhe edge of artificial damage and the detachable puoint of
coating layer
==» Voltage between electrodes: 3.3V
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