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Abstract

This paper presents a comparative analysis of the apparent and structural aging properties of po-
lyethylene gas pipe which was hot-melting and failure in urban networks and unused pipes, using
macro/microscopic morphology, Fourier transform infrared spectroscopy, differential scanning
calorimetry (DSC) and thermal weight loss, to clarify the essential causes of failure and gas lea-
kage of PE gas pipes. The ablative pipe has structural deterioration and performance degradation
taken place during the service. However, the crystallinity, melting temperature and thermal oxy-
gen ageing properties of the ablative polymer area were relatively improved due to the recrystal-
lisation of short chains polymer as a result of high temperature oxidation behavior. The perfor-
mance of the vicinity of ablative area was significantly reduced affected by thermal ablation diffu-
sion. It was proposed that the focus should also be put on the extent of the ablation heat-affected
zone where the pipe was severe structural deterioration.
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2.1. FEEFEH
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Table 1. Basic information on PE gas pipes

#Z LPERSEEAKRER

i B b RARER/AE RIS RFURE ERJES HE/m  BEE/mm 4MF/mm
KilF4 RS s e
1 G L <1 =gl peyess D8O/AEE 1.0 7.17 80
2 DE110 7.03 110

2.2. FELZRNE

EIRHFHIERAL, 60 Aplus, HAHEAH;
EE P, Q5000IR, 3 [E# /MU #% A &) (TA Instruments) 2 7 ;
A AT AMEEAY, Nicolet FTIR 6700, FEER & /R FHS .

2.3. MREMR SEMRIE

FEIMTESR M7 = SR F AL R AR08 1) 2 S8 A (AR - BT ) M AR AT 40 R, e hn il 75
MR IE, SRECEAIZ MR . HEM BRI Pt iia VIBUN B I TR < %8 < BN
10 mm x 10 mm x 2 mm FRFE, BiEAbE S, KA JEOL BBt T IE S 4L .

1 LD A (FTIR) 0T MIRTE FE 9 350~7000 cm™'; [ A )y ZnSe: W B NG 45°; 4t
W32 I RN 035 em s SR OMNIC Series %04 [ ZhIE 255 IE HEAT R LR Ab 7E.

DSC 7r#r: ZHEZKARAE GBT 19466.1-2004 (FEk}Z /R EME(DSC)SE 3 #5r: WSR2 &5
FE e RS E ) 54T DSC W ARG RS FHEIEZE N 20°C/min; SUALE Y 50 mL/min; &
FEJEHIA-25C~170°C . HRAEFFEIN DSC M4k, IRIFIERILIE Teim MERRIEIR Ty THE A RLE AR M 26
Y b G (T ARG B RS AH, FEE )L R

X. =AH/AH,, 1)
X
Xo: SiiE(%);
AH = VERKERLKE/g)
AHypy: S5 IE 9 100%00 EARRE S G (V) T LI AH,, 19 SCIRZ: 315 4 293 Vg,
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TG 7 #T: #KHE GB/T 33047.1-2016 (¥EIRSWIRIIMEI(TG)) 26— NS T HENNR: 353
NPEMAARCRR), FREEE TG 25°C~550°C, THEEZ N 20°C/min.

FATE S A )M 20 E K FRUE GBT 19466.6-2009 (¥Rl 2R3 B #G(DSC)H 6 #7r: AL
SR (R OIT) R4 LIS SR E @A OIT) R ) AT SR AR . BT RIRIEEIETE 210°C
TR A 5 B[R KT 100 min, 8 IS VE ], ASFF S E SARMERER, PRI iE SR 230 CREAT IR
MRS A VR LA 2,

Table 2. Test conditions for oxidation induction time

2. SUFESHEIN &
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N, S &/(ecm®/min) 100 100
2R B/ (em®/min) 100 100
JEATF RIS ) /min 15 16
MR/ C 210 230
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Figure 1. Macroscopic morphology of the external surface of unused PE pipe and ablative pipe
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Figure 2. Microscopic morphology of the unused PE pipe and ablative pipe
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Figure 3. FTIR spectrum
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Table 3. Characteristic peaks of the main functional groups at FTIR spectra
3. HEMIINSEEEEE R X R HEE
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719 -CH- I N B RS
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0.5 1
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Figure 4. DSC curves, (a) Ablative part; (b) The part without ablation; (c) Unused PE pipe
[ 4. DSC %%, (a) KREXIE; (b) REEBXI; (o) KRR PE B
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Figure 5. Melt temperature, peak temperature and crystallinity
of ablative PE pipe and unused pipe
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Figure 6. TG-DTG curves, (a) ablative part; (b) the part without ablation; (c) unused PE pipe
& 6. TG-DTG Hi%k, (a) BRIBXIE; (b) RERBXE; () RARIX PE E#
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BWEER G RIRAE MR B XIRCA BRI ZE R, MR A I R = A I S A 6 [ T L ) 75 2 1)
HEEAL C-C A, BULLeIE XIS # o il ™ H 5 [31].
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Figure 7. Temperatures of weight loss of 0.5% and 95% and maximum
loss rates for ablative PE pipe and unused pipe
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Figure 8. Test results of oxidation induction time, (a) ablative part; (b) the part without ablation; (c) unused PE pipe
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Figure 9. Oxidation induction time
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