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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 retarding 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 .
number Structure EX@CFIOH
g coefficient
{cm )
vinylidene
888 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 1l 0.132
R-C-OH
@)
1720 ketone Ii 0.055
R-C-R’
O
1736 aldehyde I 0.0426
R-C-H
O
1742 ester I 0.162
R-C-O-R’
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Table 2. Molecular weight distributions of

unextracted and extracted XLPEs

Unextracted Extracted

Samples

Mas M, | P M, M, |P

XLPE1 | 19,600 | 117,000 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

XLPEA4 | 26,200 | 150,100 | 5.7l 27,723 | 212,532 | 7.7

XLPES | 25,800 | 178,600 | 6.9| 26,941 | 227,885 | 8.5

P": Polydispersity
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Fig. 1 Molecular weight distributions of
XLPEs before solvent extraction
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¥ 3% 5l & F R0, Y FEHoF ALEH
t XLPEslnd:E £HFd2 F2FHY =7 o
2t). o8 E9, ester group2 EH 1000 A &4
A2 007-16124 w$ yWe £¥E Zen o
2 7%71EE uhAsARld, HANHoed  Ho}
XLPE4s} XLPE59 +2A% H=7F vIdy =&
Holr}, B3] 7tm EALS HEde Aoz I#A
2l terminal vinyl7]9 3¢ EE XLPEE°] A9
23 g Rol:d, I FidAME XLPE3H
XLPES7t wind & T8 Zerh

o] A EE 180°CAlA 1083 7tuA 7|8 o +
Z2Z%e ¥E7 & Zog WY, JtRd7|Y
Akl AL ketoned FHREL2 4 FrhtE
Uz FtRdrEL Ay 25 AEHAY
2 Zoz A%t 4 E E9 aldehyde AF
2% AEET ester? acid AEL 4% XLPE
A UyMAE 2% 2"y EXE @i
A3-¢ EW terminal vinyle & %Zo g #IAad

" trans vinylene® vinylidene methylZ <F

rrord

ie B e rlo B2

675

A7) AR 28 =84 Vol.11No.91998.

# 3.7 A ¥y FHEgrx ¥
Table 3. Chemical structural defects of
uncrosslinked and crosslinked XLPEs

(a) Uncrosslinked

Structure | XLPE1|XLPE2|XLPE3|XLPE4|XLPE5
ester 0.1 0.08 1.6 0.07 1.3
aldehyde | 0.07 0.1 002 | 005 0.1
ketone 0.4 0.4 0.2 0.04 0.1
acid 03 05 0.04 03 0.2
trans
. 03 0.3 0.3 0.2 03
vinylene
terminal
. 03 03 0.5 0.4 05
vinyl
vinylidene
03 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
. 005 | 005 | 008 | 0.05 | 0.08
vinyl
vinylidene
0.2 0.1 0.2 0.1 02
methyl

-: Not detected

50 % AE Aot 7)ol A ketone AELE 7HE
g F<¢k XLPEZF g4tsts 7] Wio] ofyet 7}
Ftgol oA FHLAEL! acetophenoneo] LA
57 f&d Aoz F3 ol EI terminal vinyl
AEe ZiE o AEo JluRkEAl JtaE ¥go
Foale) 2% dFHAFoZ viHAY] YRR 3
Aqg F 9l

¥ 49 7tn A7 skw F FEstE A dicumyl
peroxide (DCP)8 ¥ %9 w37 A= Yu}.
DCP AZFE AL DCPY EA4TMAZ deiAd &
1152 cm™ 93 g o) gayt’. o g ¥ &
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Table 4. DCP content of uncrosslinked and
crosslinked XLPEs

Degree of

Samples | Uncrosslinked | Crosslinked | crosslinking
(%)
XLPE1 21 0.002 81
XLPE2 1.7 0.01 80
XLPE3 2.0 0.25 82
XLPE4 2.0 “0.07 81
XLPE5 14 0.002 82

E 5 7|&FA £EZ Hol
Table 5. Water tree length of XLPEs
Samples Length (zm)
XLPE1 231
XLPE2 229
XLPE3 279
XLPE4 308
XLPES 301
F gU%el, FErtuxle ¥ EF XLPEY F
Foigk o2 HReoez PYPHUEH, dize=

20phr A% AHE@oE AL ¢ + 3o XLPESY
DCP &&o] tt& ol |3t w4, o Ul
e A e dith o] XLPEES 180°ColA 10
€3 taA7E dEE2e DCPe €83 Ho 7t
Aol H3AY FtuFAEs ST
AEHD UnA] AR FHHA & A DCP
2 dol stk E 44 HXo), stx¥F FJH DCP
g#F2 XLPEQ FFel =t t& Rez aEHY
£, XLPE39] #& DCP §%° 714 =& Ao
2 95 Aok 7t " 27 DCP %] XLPE3#
¥]%3 XLPE1® XLPE2E& vwstd, XLPEL#
XLPE2& DCP7} 7tantgA] A =5 E3jd &
W XLPE3®] ZASole 42 DCP7l EHA
¥ dob StkE AL du@dd. oy AS
XLPE39] B¢ L&A F#A AA7 7laAE 25
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Fig. 3 Charge distributions of uncrosslinked
XLPEs (40 kV/mm)
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Table 6. Extractable content by solvent extraction

CHCls | Xylene | Xylene | Xylene

Samples . . .
50C 50C 60T 70T
XLPEL 36 05 1.0 2.8
XLPE2 32 0.2 08 23
XLPE3 47 0.4 23 13.0
XLPE4 32 02 15 31
XLPE5 | 36 0.2 2.4 41

71&e] dFATe] o3td AAUx EdA
S AEAF AR T 4o & B¢ T
ARE T EXo] gz HEW v Y,
E Tl AL AIBES EXF € EXF E
X2 EXL Zr] e olHE Aelrt & dB}E
nxA £3e Aoz WA ol AT 54
2 urtm eyt 9F¥S viXz LA ¥
o 7tnsd 349 $EIHEA AHHA FAAE
SHEY EAo & AL wAA Ry @ELR
R EANRR= S

BEgAL AR AZIFF FHE voidH
o Q& 71He Adnd s wAstad AIA
29 F£90 AHAHY 9L v A2 4
glch HlE AW void7t itk M= EEE
B4E FH0AN mAddgst dojyd o)
& 379 voidZt A=, oldl voiddiel
7}?3 7tz QYA o7l HAge] A& s
W REurde] @A uely FEWHL A
t’é Z A7 voidd HFol A#gle] T F
gome Foaof el

XLPEl, XLPE2, XLPE5 Al&el o3t Z&EWA
AgAxt 29 5-79 Uk loh g7k PD
quantity‘—“ 7t AgolMel REWAFSE T, X
239 A3 E AFstd o3 gozA e

A ouze wE@H?. XLPEl, XLPE29}

XLPESEZ w3 A, 2EWA3 2 Iy’e M2

Holx Wyl Hxo £z ¥ ¢ AT
E57F o & F A5 viste #
Ae & F . = XLPES 239
peak-to-peak @< TE F A8 H|dd & g2

> 1l

fo,

i fr Ho ot 2

E 7718 A9 AndF $E Ao
Table 7. Water tree length of crosslinked and
uncrosslinked XLPEs

Tree length (zm)
Samples
Crosslinked | Uncrosslinked
XLPE1 231 140
XLPE2 229 196
XLPE3 279 206
XLPE4 308 275
XLPES 301 152
m XLPE1
® XLPE2 A
12 A XLPE3
v XLPE4
& XLPES
FY
k3
5
R *
¥ Py H
of ® ¥
50 55 & e 70
Temperature ("C}

18 8 & &zl W& F& ¢
Fig. 8. Extractable content as a function of
extraction temperature

B}, oj2HE XLPESE WE F A8 nsiy
HZd B AE 7MAEA AZo] vay &
PAE doge & 4 gtk &, XLPES: o &
AR HEte v mA Zg REYAH AIZE B
o9 EHE 289 239 peak-to-peak #E HW
XLPE2E &2 AYgelA 2& g Ze=r.

-hz

33. 8olilx& g2

Chloroform % Xylene& o] €3l9 z+ Agg =
UM F2dE H¥Y ¥2e =Y AR
6o Uet Sln FELEo wE 22949 DAY
¥ 89 AUtk o] BE BYW 7z oo g@ A=
o] FEA4HL AAFYoz Bo} XLPEIL A% w
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Table 8. Water tree length of XLPEs after o omoratom
solvent extraction sof M
€ _
Tree length ( #m) 5 oo ]
Samples | CHCI; [ Xylene | Xylene | Xylene §
50C | s0C” | 60C” | 70T § ]
XLPEl | 633 | 508 | 478 | 359 o
XLPE2 741 687 723 729 . H
N'C CI‘(SU) C1(50) cl;SOy c;(sm
XLPE3 683 760 664 608 Xy (50) Xy (60) Xy (70)
XLPE4 | 377 | 410 454 563 a8 9. (c) XLPE39) %% % $Eg7 Zo]
XLPES 395 467 A17 503 Fig. 9. (c) Water tree length of XLPE3 after
solvent extraction
10001  NC non-crosstinked 10004 ¢ non-crossiinked
C): Chiaroform Cl: Chloroform
" Xy: Xylene Xy: Xylsne
8 800 1
g g
£ e00 £ 600
& §
g &
§ 40 5 400
E3 ]
200 4 2004 l—l
° Ne ¢1(s0) :"-"°’ s Ci50) ’ Ne crsn OG0 cigso) €150y
Y50} xy(0) Xy (70) Xy{50)  xy(60)  xy(70)

T3 9. (d) XLPE49) & % FEg 7Zo)
Fig. 9. (d) Water tree length of XLPE4 after

solvent extraction

23 9. (a) XLPE19] % ¥ $EZ ZHol
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