Polymer (Korea), Vol. 33, No. 5, pp 446—451, 2009

HstAlztofl LiE Se2|oEd nio|Zo| J|AHH &4 HS
sy - 2YY'
HEEERERIRE R ERR
(20093 49 69 =, 20099 5€ 49 4, 20093 5€ 299 A=)
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Abstract: Reliability evaluations of linear low density polyethylene (LLDPE) pipe with respect of thermal
expostre time have been investigated in accordance with RS M 0042, which is a reliability standard for

polymer pipe. As the thermal exposure time is prolonged, a progressive increase, until 250 days, in tensile

strength and a slight increase in hardness are observed, while a proportional decrease in elongation at
break is showed. These results can be explained by the increase of crystallinity, followed by the increase of

crosslinking density, chain scission and the decrease in chain mobility, due to thermal oxidation as the
exposure time increases. Long term hydrostatic pressure test result implies the existence of transition
point from ductile to brittle fracture. Oxidation induction time (OIT) test is employed to monitor the

thermo—oxidative degradation of LLDPE pipe. This result shows that after the exposure time is 250

days, the depletion of antioxidants added in LLDPE pipe occurs. An empirical equation as function of

exposure time, under 100 C thermal—degradation condition, is proposed to assess the remaining amount

of antioxidants owing to thermo—oxidative degradation. Fourier transform infrared spectroscopy results
show the increase of carbonyl (—C=0) and hydroxyl (O—H) function groups on the surface of thermally
exposed LLDPE pipe. This result suggests that the hydrocarbon groups locally undergo the oxidation
on the LLDPE surface due to thermal—degradation.

Keywords: reliability, linear low density polyethylene, thermal—degradation, oxidation induction time.
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Figure 1. Schematic diagram of pressurized pipe.
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Figure 2. Mechanical properties retained vs. thermal—exposure
time.

Table 1. Effect of Thermal-Degradation on Mechanical Properties

Exposure Tensile Elongation Hardness
time(day)  strength(MPa) at break(%)

0 146%x21 335%46 56.4%1.1

30 15.7£2.9 309*54 56.7£1.0

100 16.8+2.7 304+54 56.6£0.9

250 18.4%+1.9 292143 56.8£0.8

300 17.1x1.6 287152 57.2%+0.8

All specimens experienced thermal—degradation at 100 C for a
given time, according to RS M 0042.
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Table 2. Short-term Hydrostatic Pressure Test, DSC and OIT Results
of Thermally Exposed LLDPE Pipe

Exposure  Faiure Failure T 1c Vs OIT
time (day) pressure(MPa) time(s) () () (%) (min)

0 56104 68+t3 1259 1075 392 50
30 6 30*7 1264 1080 409 25

100 6 110£8 1272 1084 417 19
250 6 20111 1304 111.7 467 15
300 6 33819 130.3 1123 475 05

T, peak melting temperature. 7¢: peak crystallization temperature. y:
wt% crystallinity. OIT: oxidation induction time of thermally exposed
LLDPE pipes at 100 C. All specimens experienced thermal—de—
gradation at 100 C for a given time, according to RS M 0042.
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Figure 3. Schematic of failure modes for thermally exposed
LLDPE pipe.*
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Figure 4. Long—term hydrostatic pressure test result showing
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Figure 5. DSC spectra of thermally exposed LLDPE pipe on the
melting curve,
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Figure 6. TGA spectra of thermally exposed LLDPE pipe.
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coefficient were obtained (y=103.9¢ %% R?=0,9793).
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Figure 9. FT—IR spectra of thermally exposed LLDPE pipe.
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