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Durability of Polyethylene Coated Steel Pipe at Elevated Temperature
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Abstract

Polyethylene coated steel pipe usable for pipelines operating at an elevated temperature of 80°C has been
developed. For this development, various tests, such as accelerated corrosion resistance test and under-
ground piping test, were conducted, the results of which are as follows. (1) The newly developed polyethy-
lene coating exhibits excellent corrosion preventive properties (mechanical, physical, chemical and adhe-
sion properties) at an elevated temperature of 80°C. (2) According to the results of several deterioration
acceleration tests, the newly developed polyethylene coating has excellent resistance to thermal oxidation
at 80°C owing to the use of special antioxidant stabilizers. (3) Because of the use of an adhesive with
excellent high-temperature adhesion and a primer with high glass-transition temperature, the newly
developed polyethylene coating exhibits excellent adhesion to steel at high temperature and maintains
water-proof adhesion strength for a long time. (4) The newly developed polyethylene coated steel pipe
exhibited excellent corrosion resistance in an underground piping test which was conducted at an accelerat-

ing test temperature of 100°C for almost 3 years.
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¢=Polyethylene
(3.0mm)

&Maleic anhydride modified
polyethylene (0.2mm)

Epoxy primer
(0.05mm)

¢&Chemical treatment
(500 mg/m?)

¢=Steel pipe
(216mm¢ X 5500mm X 5.8mm t)
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Properties Standard Specimen
Cut specimen form coated pipe
Indentation DIN 30670 Size : 50mmX50mmX5.8mm

Coating thickness :
Polyethylene : 3mm

Cut specimen form coated pipe
Size : 100mm X 300mmX5.8mm
Coating thickness :
Polyethylene : 3mm

Impact strength {ASTM Gl4
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Properties

Method and device

Measurement of weight differences hefore and
after hot water immersion at $0°C

Measurement of H,O vapor transmitted from an
atmosphere of 100% relative humidity to one of 109%
relative humidity through the film at 40°C and 80°C
Device : Vapor transmission tester(Type L-80)
manufactured by Lyssy Co. Ltd

Water absorption

Water vapor
transmission rate

Electric Measurement according to DIN 30670 after 100days
resistance storage in 0.1M NaCl
Specimen : Free film Size : 100m X 100mm
Thickness : Polyethylene : 0.5mm

Fusion bonded epoxy : 0.dmm(as reference)
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Methods Measurement Temperature
(1) OIT TEST | Oxydation induction time 200~240°C
() OVEN TEST | Half ~ value period of elonga- 120~160°C

tion of polyethylene after test

Time when free film had crack
(3 OVEN TEST Il | by bending it with fingers after | 100~120°C
test

Specimens :
(1) Free film size of polyethylene : 100mmX50mm X 2mm
(2) Antioxidant stabilizers contents : 0.1~1.0times
(standard contents)
(3) Melting point of polyethylene : 120°C

&, BB LRI ORI E RIS & Ui, MR(LH(CHEOFFMEIE
RO 3 FEEOL (IR CTHBMRET L 720 T R BR{UEEHAE (OIT
TEST), #—7v# I (OVEN TEST 1), #—7 > #II1(OVEN
TEST II) TH %, &HLIEEHER T, B 5 3 SOREEE TH
FELAHEEE 7 V=2 70y M LC80CITiMEL, FmE
Kz,

2.2.4 EEEEE

ZDfEEE - VR L IRKBRERBR TN, HEM R OER
FEER 4 WR LTz, —KEEIE, C—NVRBROCHE, BE: ¥
HE~80°C, I :10mm/min) CTHIE L 72, WK REEER 1395°CO
B8 000BFRIIRE L 7218, E—LEEBRL TiTo M,

2.2.5 RHERFEERE

RYZFVoHEEMELH, RERICERRET- 2, HB%
HER 2R U, EBRES IR »51.5m OFEST, KUz F L
YHBIEPNIC 100 COSEM 2 1ER L /o, iR 3 18, HHEME
O—&EROEL, ¥V =5 v OEEOBRIEE, YENSTEE
R, EEREARRET & H L T,

3. WRRUEZR

3.1 R
ERREBETHELLRY 25 VU BB OMARS 28w, #HiA
EERE2DRi L O RDI,

R4 BEEHEOERTELHEM

Property Method

Measurement of peel strength of coating

Adhesion strength before and after hot water immersion at 95°C

Specimen  : Cut specimen from coated pipe
Size : T5mm X 150mm X 5.8mm
Coatingthickness : Polyethylene : 3mm
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; Polyéthylene coated pipe
. [Outside dia : 216mm
Length L 6m

Test period . 3 years
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Fusion
Properties Polyethylene bonded
epoxy*
Water absorption [%] after
hot water immersion at 80°C 0.003 0.83
Water vapor 40°C 0.04 1.8
transmission rate -
[g/m?-24hrs] 80°C 0.16 4.4

* as reference
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Coatin; Electric resistance [Q * m?]
g
Polyethylene 1.0x10"
Fusion bouded epoxy 7.2X10%*
* as reference
Antioxidant
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Liquid state Solid state

at temperature over melting point | at temperature below melting point
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T : Diffusion of antioxidant stabilizer
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Temperature of peel test : 80°C
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Elongation ASTM D638

Electric resistance DIN 30670

9.0X10" | 5.1x10"
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