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ABSTRACT The variation of chemica structure and physical properties of crosdinked polyethylene (XLPE)
during therma aging process was investigated. The formation of carbonyl functional group resulting from
thermal oxidation reaction of XLPE was monitored using X-ray photoelectron spectroscopy and near infrared
(NIR) spectroscopy. It was observed that the intensity of carbonyl peak observed at 1715 nm linearly increased
with aging time in NIR spectroscopy. The linear relationship between NIR peak absorbance and aging time
confirmed that NIR spectroscopy might be used as a proper tool for monitoring the aging process of polymeric
materials. Also the formation of crosdinks during the aging process was monitored using thermal mechanical
anaysis, stress-strain test, and Shore hardness test. The change in the physical properties, such as the increase in
the glass transition temperature from 110 to 132 |, the decrease in the strain from 265 to 110%, as well as the
increase in the shore D hardness from 32 to 50, was observed during the aging process.
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Table 1. The Accelerated Heating Time depending on
Estimated Aging Years

ajng years 0 20 30 40 5 60 0

acdaratad heeting time 1146 2202 3438 4584 5730 6876 802

. REX Brand XLPE ( 1
mm) , 130 Tabai Oven
6
(1), Arrhenius
. ke
, ke =
(1.30 ev/mal), R . T,
(130 ) T (40 )
Table 1 XLPE
k,,_ E,,1 1
ln(E) "R ?2' ?1) @
X-ray Photoelectron Spectroscopy (XPS) . X-
VG Micro Tech ESCA2000
spectrometer .
, HAS anayzer
, X-ray source angle  50° . XPS gec-

tra  source energy 1253.6 eV, irradiation Mg Ka

2 (10 Torr)
scan (pass energy 100 eV)
, Cls 20-25
kilocount an (pass energy 10
ev) .
Gaussian function VGX 900 W software
pesk-fitting , XPS spectra
C-C bond C O bond
TMA . Seiko Inst. (Japan)
Sako Exstar 6000 (TMA6100) . TMA
range  + 5mm (0.02 nm) , load range = 58N
(9.8 micro-N) . 100 mg argon
10 /min 20 500
NIR Spectrometry. Foss NIRS
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Systems Inc. Modd 6500 Multi Mode Analyzer

Si detector (400-1100 nm) PbS

detector (1100-2500 nm) Ix 1x
0.1 cm ,
Foss NIR System  VISION 2.22
, 2 (segment
size 10 nm, gap size 10 nm)
2

(multiple linear regression)

/
Instron Mechanica
Tester (Model 4400R) , 10x 1x
01 cm .
ASTM D638-99 , crosshead speed 10
mm/min . 1 mm
ASTM D2240-91
Teclock Corp.  Shore Type D Hardness Tester
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Figure 1. XPS C spectraof XLPE film aged for 70 years.
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Figure 2. Reative intendty of C=0/C-C pesks in XPS de-
pending on aging time.
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Figure 3. NIR spectraof XLPE film.
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Figure 4. Absorption pesk at 1715 nm depending on aging time.
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Figure 5. Absorption pesk at 2305 nm depending on aging time.
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Figure 6. Scatter plot of NIR calibration set depending on aging
time.
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Figure 7. TMA heating scan of XLPE &fter aging.
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Figure 8. Elongaion versus aging time.

55

50

45

40

35

30

Hardness (Shore D)

25

20

15

1C
0 20 40 60 80

Years

Figure 9. Hardness versus aging time,

(XLPE)
: . XLPE
130

. XPS (2892 V)  NIR (1715 nm)

254

Polymer (Korea), Vol. 27, No. 3, 2003

TMA

References
1. P. Chaudhari and S. M. Dressdlhau, Rev. Mod. Phys, 71,2
(1999).
2. C. Sun, D. Zhang, and L. C. Wadsworth, Adv. Polym. Tech,,
18, 171 (1999).
3.E. M. Ligton, L. Martinu, and M .R. Wertheimer, J. Adhes. Sci.

4.
5.
6.
7.
8.

9.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21

22.
23.

24.
25,

26.

27.
28.

Technal., 7, 1091 (1993).

D. M. Choi and C. K. Park, Polymer, 38, 6243 (1997).
Barlow, IEEE Tans. Elec. Inaul., 7, 8 (1991).

P. J. Phillips, M. Karakelle, and A. Vatansever, Polym. Conm,
25, 204 (1984).

E. P. Seennisand F. K. Kreuger, IEEE Trans. Elec. Insul., 25,
939 (1990).

B. V. Caesand K. M. Schults, J. Appl. Polym Sdi., 29, 4183
(1984).

Y.D. Leeand P. J Phillips, J. Appl. Polym i, 40, 263 (1990).
M. leda, IEEE Trans. Elec. Inaul., 15, 206 (1980).

S. Raskawan, H. Ishihara, and N. Shimizu, IEEE Trans. Elec.
Insul., 4, 597 (1994).

Y. D. Leeand P. J Phillips, IEEE Trans Elec. Inaul., 26, 171
(1991).

R. Buchdla, C. H. Schuttler, and K. W. Bogl, J. Food
Protection, 56, 991 (1993).

S Gaoand Y. Zeng, J. Appl. Polym i, 47, 2093 (1993).

Z. F.LiadA.N.Neravdi,J Axd. Pdym S, 44, 319 (1990).

B. Gongjian, W. Yunxuan, and H. Xingzhou, J. Appl. Polym.
., 60, 2397 (1996).

B. Gongjian, W. Y unxuan, and H. Xingzhou, Polym Bull., 36,
503 (1996).

C. Wanh and G. Hsue, J. Polym. i, Part B: Polym Chem
Ed., 31, 1309 (1993).

K. B. Whetsd, Appl. Spectrose. Rev., 21, 1 (1986).

L. G. Weyer, Appl. Seectrosc. Rev., 20, 1 (1985).

E. Stark, K. Luchter, and M. Margoshes, Appl. Soectrosc. Rev.,
22, 335 (1986).

C. E. Miller, Appl. Spectrosc. Rev., 26, 277 (1991).

H. W. Seder, Macromol. Chem. Macromol. Symp., 5(2), 113
(1991).

K.A.B. Lee Appl. Soectrosc. Rev., 28, 231 (1993).

J W. Hdl, D. E. Grzybowski, and S. L. Monfre, J. NIR
Spectrosc,, 1, 55 (1993).

M. P. B. van Uum, H. Lammers and J. P. deKleijin, Macromal.
Chem Phys,, 196, 2023 (1995).

Khettry and M. G. Hansen, Polym. Eng. ., 36, 1232 (1996).
J S Church, J A. ONelll, and A. L. Woodhead, Appl.
Soectrosc., 52, 1039 (1998).

27 3 , 2003



