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Performance of External Polyethylene Coating on Large Diameter Pipes
in High Temperature Environments
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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
FEET 5, Lo LRI Fisfizh s 2 5 &I ET L NEr R S,
ORI 241, No. 3o & 0 285 il %
90°C, Mikidlk 60°C THRMEAMALTLH 7. F & &
BEBEDFEEL, No 1izlhs /A3 v, 20k 21z
HAKEIZ & A PE sifliEoREEI- N L T, IR SHiR PE 87 S8 o S 1S B 2 5K &

KEMBEOMEZDT ) AL D LA <
FEGEREEZ LI ENIHLITH D,
E LA THB RO NRERIL, mEORHD

AT PTNAR=STHY: x.’(m%& AL L BRI o T
DU ANE & B Erite e b BT H S REMTO
fil T AR A T & F Al L’Ciﬂfij"ﬂ,f:o A R

BUEZIZ L o TH LGS T, Kol # KIONT Y, SHoE¥E PE WAL 380°CH
DFAVH A —F L 2B TE R L A2 iE ST Tkl _+’Jj\ﬂu-l 235N bl
ORI CIEBEER S LAY, il 7,

22T 2N T & 9 RS O i
BAt & L TR EELRNC L A TTREE - D A B

(1) $‘Htu’.“‘)—"¢. Fl ]fﬂlt.ujfml'+ /\) i)' ct U[miﬁﬂ;{'w:m
&9 BRI OV TERIEPEZ VEE PE

AR AR N S L - S IR AL THL LT CitTv b,

dc . 0 (8, oT ) ............... (2) (2) RERSMUWILRIFTE S 17 B PE 2,
at ~ dy \dy oy 100°C TH0SEL, b iFIzh 2 S5 L #ES L
c L RE B,
t o FER (3} HWRE A ERT LMK E BRI, 5
y LiER PE L 0 L &%IE PE OE 3 A/ E 7ol HRC
T g UL TEE N PE AWM L 20l AvEERIE A
D, EEECER WHTHsL,

IOE L T i s L) koot 4) oA T A L BEIRC BV T, BUDTlRTTA 6

Baepr s A s 2 1 TR & TG IE & o]l
KA '§1$P LU AmE ), o CEgmsLl -
DHWABAFIT 2L 025115,

INFTOERSr LML L2, (2)R0#
oL, MBS HARETEES 3 ~ 4 mm
HAHEBRERNG PE A BWTL, £OME
WHEIL G 2 BB NE DT, A 774D
B BT PE BRI AKAET S ERETT ’C"M"ﬁﬁ
T A&, WSO ROEIY L) &

SR T, #EAY O RS
i) ey s

WAL
AT HEETL &L
HobEFELLIDL,



Vol. 14 No. 2 JORIAY AT AU WO FE

E £ X M

1) $WEEde dmAl—-dE. BRONGHL THMRSL PPOLEL R KSR 24w L 0 L T o Tt
NS R, 13 (19810 1, 142

2} N.S.Pranghe, W.V. Baeckmann : Polyethvlene Extrusion Coating for Steel Pipe, Mat. Protect. Derform.,
(1978) 8, 22

3y PrEND, ol AREHE Al MG S T A o TOU EEAL O AR,
(1979) 83, 4%

&) IR, BN, AMATATE, RO, WELE D U of T 7 o 2 A 2L s BT PALER I
g (1979) 297, 131

5) J.C. Thompson, B, A. Wallace, S. L. Simpson : Testing of Coating for Elevated Temperature Pipelines, Mat.
Protect. Perform.,, (1879} 4, 12

6) AcIRE -, TLEEACFL 19 (19710 8, 18

7) 7. Zamorsky, F. Erben. R. Vesely, A. Bravencova, J. Adamcova : Atmospheric ageing of polyethylene,

International Pelymer Science and Technology, 4 (1877) 3, 29

8) M. M. Gilary: Durability of Macromoleculer Materials, (1979), 63 [American Chemical Society]

6} EERCK A {LEEG & F ol R, TR E, 20 (1972) 3, 8

10) By o WA Ry AR T O, TOAAR, (1969) 1, 30

110 ARFRAL T PG OV, B SR, 97 (1977) 1, 8

12) . B. Howard, H. M. Gilroy, E.Kokta : Rapid lsothermal DTA Testing for Control of Stahility in Polyolefins,

Foly. Eng. Sci., 13 (1973} 6, 46

13)  A.J. Eickhoff, D. L. Hawke : Some Factors Affecting Paint Performance On Cathodically Protected Steel,
Corrvosion, 7 {1952} 2, 70

14} E5or-red e ey CAPEMEYS,  (1973), 1296 (o w FEL]

15) B.I. Zolin: Protective Lining Performance, Chem. Eng Prog., 66 {1970) 8, 31

16) 1v. Th. de Vries: Blistering in water-immersed coatings under the influence of a temperature gradient, Anti.

Corros., (18703 7, 11

Y OAFOERAT, BLLEE D BPE D f = FodoRL U g, M FnibiEy, 24 (1973) 3, 522

187 JUERE, AR DRI CAUSHT BRIEMALOmE (T #). CME R 46 11973) 7, 430

)y TR L ARSI e BUIR B, &k, B2 (1979) 12, 682

}OBLMEE Mo uE - BURS Lo SRR S A, DMl 53 (1980) 6, 362




