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Comparison of Characteristics of XLPE for Distribution Power Cables

MEA, gse”, oldFf dusff s
(Kwang S. Suh, Jong Eun Kim, Gun Joo Lee, Young Ho Kim, Jin-Soo Jung)

Abstract

Chemical structure and electrical characteristics of 5 commercial crosslinked polyethylenes (XLPE)
used as insulating materials for medium voltage distribution power cables in Korea were investigated.
It was found that each XLPE shows different properties depending on the type of XLPE. Chemical
structural irregularities of pellets change considerably by crossliking reaction, with some irregularities
being disappeared after crossliking reaction. It was also found through a solvent extraction study that
additives such as crosslinking agent and antioxidants act as a major source for retardjng water tree

growth. Low molecular weight polyethylene chains plays a different role in water tree growth of

XLPE.
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Table 1. Characteristics of FTIR peaks of
oxidized polyethylenes

Wave
Extinction
number Structure L.
i coefficient
(cm™)
vinylidene
838 RR'C=CH> 0.116
methyl
terminal
909 . R-CH=CH; 0.099
vinyl
trans
966 . R-CH=CH-R’ 0.14
vinylene
O
1700 acid Il 0.132
R-C-OH
O
1720 ketone 1l 0.055
R-C-R’
O
1736 aldehyde 1l 0.0426
R-C-H
(¢]
1742 ester It 0.162
R-C-O-R’
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Table 2.

23 A - F ARTAY BAY RE
Molecular weight distributions of
unextracted and extracted XLPEs

Unextracted Extracted

Samples

M Mw M. My

XLPE1 | 19,600 | 117,000 | 6.0 24,407 | 149,879 | 6.1

XLPE2 | 25,100 | 150,800 | 6.0{ 26,351 | 183,251 | 7.0

XLPE3 | 21,800 | 137,800 | 6.3} 24,783 | 178,822 | 7.2

XLPE4 | 26,200 | 150,100 | 5.7| 27,723 | 212,532 | 7.7

XLPES 6.9 227885185

25,800 | 178,600 26,941

P*: Polydispersity
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Table 3. Chemical structural defects of
uncrosslinked and crosslinked XLPEs

(a) Uncrosslinked

Structure |XLPE1|XLPE2|XLPE3|XLPE4|XLPE5|
ester 0.1 0.08 16 0.07 1.3
aldehyde | 0.07 0.1 002 | 005 0.1
ketone 0.4 04 0.2 0.04 0.1
acid 0.3 0.5 0.04 0.3 0.2
trans
. 0.3 0.3 0.3 0.2 0.3
vinylene
terminal
e 03 | 03 | 05 | 04 | 05
vinyl
vinylidene

0.3 0.3 0.2 0.3 0.2
methyl

(b) Crosslinked
Structure | XLPE1 [ XLPE2 | XLPE3{XLPE4|XLPE5
ester - 0.07 14 - 1.3
aldehyde - - - - -
ketone 0.6 05 0.3 0.3 0.2
acid - 0.2 0.09 - -
trans
. 0.2 0.2 0.2 0.2 0.2
vinylene
terminal
A 005 | 005 | 0.08 | 005 | 008
vinyl
vinylidene

0.2 0.1 0.2 0.1 0.2
methyl

- Not detected
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Table 4. DCP content of uncrosslinked and

crosslinked XLPEs

Degree of

Samples| Uncrosslinked | Crosslinked | crosslinking
(%)
XLPE1 2.1 0.002 81
XLPE2 1.7 0.01 80
XLPE3 2.0 0.25 82
XLPE4 2.0 “0.07 81
XLPES 14 0.002 82
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Table 5. Water tree length of XLPEs

Samples Length (ugm)
XLPE1 231
XLPE2 229
XLPE3 279
XLPE4 308
XLPES5 301
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Table 6. Extractable content by solvent extraction

CHCl3 | Xylene | Xylene | Xylene

Samples . . .

50C 50C" | 60C 70°C
XLPE1 36 05 10 2.8
XLPE2 3.2 0.2 08 2.3
XLPE3 47 04 23 13.0
XLPE4 32 0.2 15 31
XLPES 36 0.2 24 4.1
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Table 7. Water tree length of crosslinked and
uncrosslinked XLPEs

Tree length (£m)
Samples
Crosslinked | Uncrosslinked
XLPEL 231 140
XLPE2 229 196
XLPE3 279 206
XLPE4 308 275
XLPES 301 152
m XLPE1
® XLPE2 A
121 A XLPE3
v XLPE4
& XLPES
£ o
i
g
&
*® .
: - H
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50 55 Y P 70
Temperature ("C}
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Fig. 8. Extractable content as a function of
extraction temperature
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Table 8. Water tree length of XLPEs after

solvent extraction
Tree length (x«m)
Samples [ CHCL; | Xylene | Xylene | Xylene
50T 50°C” 60C” 70C”
XLPE1 633 508 478 359
XLPE2 741 687 723 729
XLPE3 683 760 664 608
XLPE4 377 410 454 563
XLPES 395 467 417 503
10007 N non-crosslinked
Cl. Chloroform
Xy: Xylene
8004
5
é 6001
g 400
2
2004
L]
NC cisoy ©169  ciso)  ci(s0)
50 xy@0) Xy (70}
a3 9 (a) XLPE1S & F £Eg Ho|
Fig. 9. (a) Water tree length of XLPEl after
solvent extraction
10009 NG: non-crosslinked
Cl: Chloreform
Xy: Xylene
800
g ™~
g, 600
j:j 400
£
2004
0 H T T T T
NG ci(s0) CI{50) ¢ (s0) C1(50)
XY (50)  xy(gor Xy {70
a8 9 (b) XLPE29] & ¥ FEg ZHo]
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