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Thermal Characteristics and Long Term Durability of Polyolefine
Resin for External Coating of Steel Line Pipes

Synopsis :

Tetsuzo ARAI and Masakazu OHKITA

As the external coatings of steel line pipes, polyolefine resins which have exellent anti—corrosive properties
are applied commonly. However, against the background of the worldwide energy crisis in recent years,
the situations and the conditions associated with pipeline construction and operation tend to be increasingly

severe,

So, we have researched the thermal characteristics and the long term durability of poly—olefine resins
and referred to the influences of these characteristics on the coating properties. Moreover, in order to es-
timate the high temperature life of polypropyrene coating, a new accelerated test method of heat deterioration
which is different from the extrapolation of the oxidative induction time is tried to be established.

The following results were obtained :

As for the polyethylene coating, a medium density polyethylene shows the best characteristics at the

temperature between —45°C and 80°C.

As for the polypropyrene coating, a new type of the block—copolymerized polypropylene shows the
exellent mechanical strength at the temperature between —30°C and 110°C.

The long term durability at high temperature is enable to be solved by the addition (>2.4%,) of specific
anti—oxidants, which are sulfide and phenol compounds.
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Table 1. Test materials for polyethylene coating.

Value
Item Test method

Low density Medium density High density
1. Density ASTM D1505 0.921g/cm?3 0.938g/cm? 0.957g/cm?3
2. Melt index ASTM D1238 0.25g/10 min 0. 21g/10 min 0. 22g/10 min
3. Yield strength ASTM D638 102 kg/cm? 193 kg/cm? 320 kg/cm?
4. Tensile strength ASTM D638 186 kg/cm? 231 kg/cm? 245 kg/cm?
5. Ultimate elongation ASTM D638 840% 960% 400%
6. Hardness (shore D) ASTM D2240 49 57 65
7. Vicat softening point ASTM D1525 98 122 138
8. Melting point ASTM D2117 109 127 140
9. Water absorption ASTM D0570 <0. 05 wt% <0.05 wt% <0. 05 wt%
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Fig. 1. Polyethylene resin density vs. strength at
80°C.
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Fig. 2. Effect of temperature on indentation re-
sistance of polyethylene coating.
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Fig. 3. Secondary crystalization by heat ageing.
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Table 2. Internal stress of polyethylene coatings. |
{
p
Coefficient Residual Thermal )
Polyethylene Temperature of thermal stress ’I;:;el.-mal stress o=dpto,
expansion ggat 20C ain gr
0 0.31% 0.12kg - mm 2 0.31kg - mm~2
LDPE —20 1.67x107*1/C 0.19kg - mm™2 0.62 0. 43 0. 62 )
—45 1.01 0.74 0.93 £
0 0.27 0.23 0. 66
MDPE —20 1.48x10* 0. 43 0.55 0. 61 1.04
—45 0. 89 0.99 1. 42
0 0.17 0.30 0.73
HDPE —20 0.98x10~* 0. 45 0.34 0.92 1.35 1
—45 0.57 1.54 1.97
Table 3. Test materials for polypropylene coating.
Value
Item Test method Homo Randum Blend Block
polymer copolymer polymer ‘copolymer
1. Density ASTM D1505 0. 90g/cm? 0. 90g/cm? 0.90g/cm? ©0.89g/cm?
2. Melt index ASTM D1238 0. 7g/10 min 0. 6g/10 min 1.2¢/10 min 0. 9¢/10 min
3. Yield strength ASTM D638 330%;g/cm 2 230 kg/cm? 250%sg/cm 2 220 kg/cm?
4. Tensile strength ASTM D638 300 kg/cm? 190 kg/cm? 200 kg/cm? 170 kg/cm?
5. Ultimate elongation ASTM D638 500% 590% 710% 530%
6. Hardness (Shore D) ASTM D2240 74 67 68 67
7. Melting point ASTM D2117 165°C 164°C 107°C, 164C 164°C
8. Vicat softening point ASTM D1525 152°C 136°C 138°C 145°C
9. Water absorption ASTM D0570 <0.05 wt% <0.05 wt% <0.05 wt% <0.05 wt%
10. Brittleness temp. ASTM D746 +10C —10C —10C —50°C
Mechanical spectrometer RSM-605M . ASTM G4 © Block copolymer
~ gl Coating thickness 30mm © Ramdum copolymer
o1t . € © Blend polymer
jo.]
= r ®* Homo polymer
< 6F
- o
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s ]
° g
e
. £
0.1 === 2r o
Ramdum
copolymer, 5
B 0 1 ] 1 1 1 1 1 ] 1 1 1 1 1 H 1 1 1
R -4 20 O 200 40 60 80 100 120
ook - Temperature (°C )

Adhesive: Modified polypropylene with maleic anhydride
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Fig. 10. Impact strength of modified~polypropylene

Fig. 9. Temperature vs. tan § for various poly-

propylene. coatings.
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Fig. 11. Effect of temperature on indentation re-
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Fig. 12. Change of polypropylene properties by
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Fig. 13. Difference between D. S.C. (O.I1.T.)
method and accelerated oven method for the esti-

mation of heat deterioration resistance.
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