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Varnation of Insulation Characteristics due to y-ray Imadiation on LDPE
Contained Treeing Inhibitors
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Abstract : The effectiveness of treeing resistance in low density polyethylene containing azocompounds were investigated
under radiation environments. 4-(4-nitrophenylazo)-1-naphthol and 4-(4-nitrophenylazo) resorcinol were selected for
treeing inhibitors. LDPE containing the additives were crosslinked with dicumyl peroxide, irradiated by Co® y-ray in
the presence of air at room temperature. Treeing inception voltage, AC breakdown strength measurements were carried
out for electrical insulation characteristics, thermoluminescence and gel contents were analyzed as various irradiation doses
also. LDPE with treeing inhibitors showed much better insulation characteristics than pure LDPE. It is interpreted that
molecular structures, polar groups and the type of radicals connected on the benzene ring of the additives affected ele-
ctrical characteristics. From the results, 4-(4-nitrophenylazo) resorcinol was the most effective upon the best treeing and

radiation resistance.
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Table 1. Nomenclature of specimens

No. Components

PE-1 LDPE

PE-2 LDPE + DCP (2 phr)

PE-3 PE-2 + 4-(4-nitrophenylazo)-1-naphthol (1 phr)
PE-4 PE-2 + 4-(4-nitrophenylazo) resorcinol (1 phr)

HO Q —N— Q NO,

(a) 4-(4-nitrophenylazo)-1-napthol

()=~ ).

(b) 4-(4-nitrophenylazo) resorcinol
Fig. 1. Molecular structure of treeing inhibitors,
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Fig. 2. Shape of specimens for treeing observation,
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Fig. 3. Schematic diagram of treeing observation,
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Fig. 4. Integrated discharge of y—irradiated LDPE with treeing
inhibitors between 50 and 200°C,
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Fig. 5. Gel content of y—irradiated LDPE with treeing inhibi—
tors.
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Fig. 6. Tree inception voltage of y—irradiated LDPE with
treeing inhibitors,
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(a) PE-1, unirrad. 10 min. (b) PE-2, 400kGy, 14min.

(c) PE-3, unirrad. 10min.

(d) PE-4, 600kGy, 16min.

Fig. 7. Tree propagation of y—irradiated LDPE with treeing
inhibitors(AC 8 kV applied).
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Fig. 8. AC breakdown strength of y—irradiated LDPE with
treeing inhibitors,

SHReMN S| X, H27H H2%, 20124

w Beoge] Aouth $4d BYS B
gov) o B AT nEe AFS 1B

Ak 2, A7) BT EAY aidAdnyid=
574 Arolof] efrtel ohE HE Holal = A
AAuty) 7} vl AR A sER]gE 7]
g= AF oz ATl AA A, AR
Hrgnkgo] Frdog 2gsr] miel AoR
ni=2l=gd

AN S ZAFSHA] @82 7%, <= LDPE©]| H|5}
DCP, Eg|oAIA| 5-& H7Iet AlHe] A7}
=2 32 Uetlh oA dAntadAzE A
7HA19] wiAl T g]of AAH radical(@Hs71)2] A& o]
TS W= Hm AR AujE]7] wjRolcH?,

ZAA}g-oy Al(electron-donor; CHs, OH)E 24715
7}Ali= PE-29] 73-9-H.t} PE-3} PE-4&} o] =}
So|A|2}F HAAFZ 2] A (electron-acceptor; NO)E ZH-
7 A1 Q= EFYAAE ke Ao AdE
o7 943t EAS B, olAL SV A
AR}t AR2GAE BFE 7H 77 o=
ShTRS 7H1l 79 H) =gt A Au |t e
Helth= Y. Yamano 59 A7etE 2 |3ttt
AAREZIAE 7= A7 AARJIZIA AR
EYA 5= glow, AARSAAIE 7= 719
A= AAR sl Axpel SEste] H7HAIE o
71N 4= Q7] wiZol] Midelo] A4 543717}
AR oA = ZAQIX| ol whet EfEiet
7| AI7} kS ot o|el B2 AIE Hol=
Ao g BZIek o= lek WA ZARAof] EZYA|
AE H71er A97F oS 03 545 vEhd
A2 WA At whet AAE =4 o], A8t
7k 5o A ol7t H7HAle] Qe 222 = l7] uf
¢ Ao g AlmEch

DCP, EZ|YAIA| 5= 7Ier PE2, PE3 4
PE4 A2] 2., 200 kGy olake] AH ool
Az Z2APIRe] Z71o] wre} shEl A} 2t
7S Rolel7} 200 KGy ool e Z7leke A
AhEsh v A4 el ae AuE 4]
So] Akh Ei ke F4vle} e slo] mE A
A5 IR, At elol s 4d7]0) 23|, 4
AR I8l qHHAE ST Aoln 54719
F5roll whet I HA Fho] A== ALRE o3
Eaiil=d

Fig. 9= 1 MHzo|A19] RAEAA 40 HEE
WA Abegel] et S Aafo|th mlRARA|,
EZAAAE M7 = tt ZoEo

17



10
@ O PE-1 OPE-2
08 L :
— O PE-3 MPE-4 |
>
s 6t 0
o [} [}
S m O .
=
24 . o
= O
=% (o}
= B
ZD (o) 0
. 2
$ (o)
O 1 1 1 1
0 200 400 600 800 1000
Dose [kGy]
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inhibitors,
Hlal FHEAASTE Hashs A 23k o
e T4 S S4e 7 Ed
o]

AAAE H7FroR gk vighE=ol S7HE7] o
£l Zow BT, Tt WA At wret
Ze)olgdll AAY =64 ol W Hst 5 Al
o9 7= =& 7HAIA HH, M7k =54
E A He717F AA S 7Rkt

(el ]
St} AEAATTE HAMOR S/k5H 4

fjo m

()
Tt a

Heol Aoz griEc”,

2
=

4782

AL 2ARK, Aok A
Sfaf A= Zelo|e o
WA 2] wHE E

1) EFIAAR da3etES
AHAEF STt mel ZhaE, gy
FHEAJo] 4= LDPES| H|3|| tha A s}slA|ut,
NOy719 #=2 AAREE=S} HgH BEAGR=E
Q8 EFUIAASY, aFdAntydA 2 A=
Sl S Ho =3t EfA] 4T o
FAAT] 548 Y

2) AR AL w2 EYAIAS] 47| 2
37t Eg JfAlo] GRS S, v Aol E Y
AAE HA7FeIA] &2 A|H-2 branchd, 75 A
AL bushy Eg|2 431901 200 kGy ©]4+2)

18

Ju

ogr

o QoA BE AHelA bushd) Eelt
=ik

3) EelelAAe] Walmelo|
FRol uteh wFAnAA
A} golAot ZEAE FAlol 23
A 2AA] 71 943t Aeska)

il

A e

&

2

sl

X

Nl
%

o ™ o

548wy

9lot B2 AMEERE HAM 2ol 4 LDPE
of 7 f=rstA AHgE & Sle EF A=
4-(4-nitrophenylazo)-1-naphthol Q1 A2 ZHQ1%]}ITh

ZALY] & : o] =EL 20109 % Faign ¢
T Aol ofsto] o]FolF S

i}

rar

=
(L

1) S.S.Bamyji, “Threshold Voltage for Electrical Tree Incep-
tion in Underground HV Transmission Cables”, IEEE
Trans. Electr. Insul., Vol. 27, No. 2, pp. 402-404, 1992.
W. Vahlstrom, “Investigation of insulation deteriora-
tion in 15kV and 22kV polyethylene cables removed
from service”, IEEE Trans. PES, 1971.
R. M. Eichhorn, “Treeing in solid extruded insula-
tion”, IEEE Trans. on EI, Vol.EI-12, No.1, 1976.
K. S. Suh et al, “Electrical properties chemically modi-
fied polethylenes”, IEEE Trans. on EI, Vol. 4, No. 6,
1997.
E. J. McMahon, “A tree inhibiting insulation for power
cable”, IEEE Trans. on EI, Vol.EI-16, No. 4, 1981.
R. W. Gould et al, “Practical aspects of polymer stabi-
lisation”, British Polymer Journal, Vol.16, 1984.
G. S. Kim et al, “Electrical Characteristics of XLPE
by DCP and TMPTA Content Ratio”, Proc. of ACEID
’99, pp. 191-194, Cheongju, Korea, Nov. 1999.
Annual book of ASTM standards, D 2765, “Test
methods for determination of gel content and swell
ratio of crosslinked ethylene plastics”, Vol. 08, 1992.
R. Setnescu et al, “Chemiluminescence Study on the
Oxidation of Several Polyolefins : I. Thermal-indu-
ced Degradation of Additives Free Polyolefins”,
Polym. Degra. and Stabi., Vol. 60, pp. 377-383, 1998.
M. H. Van de Voorde, “Effects of Radiation on Mate-
rials and Components”, CERN, Euro. Organization for
Nuclear Research, 1970.
11) J. Y. Koo et al, “Water Treeing Phenomena and Their
Morphological Aspects in Co® y-Ray Irradiated Polye-

2)

3)

4)

5)
6)

7)

8)

9)

10)

Journal of the KOSOS, Val. 27, No. 2, 2012



EZ|AMA 7 A 7HE! LDPES| HAKM A IHE HHEY M3}

thylene”, J. of KIEE, Vol. 6, No. 2, pp. 26-31, 1993. 15) 7443 &, “ A4 -G A o A WAYTE FEAE A7)
12) F.J. Campbell, “Radiation Effects on Electrical Insula- Ed]of £ube Yy HEEEY HA FJA7, AR o

tion”, IEEE Electr. Insul. Mag., Vol. 4, No. 6, pp. Zs+3] %], 158 13, pp. 100-105, 2000.

30-34, 1998. 16) KHIEZ 413N, “SHERSBIGGR, HAEREE,
13) K.J. Lim, “A Study on Treeing Mechanism and Met- pp. 83-101, 1975.

hods to improve Treeing resistance in Low Density 17) A7 5, “HAAATZY S 0] 83 A UE E1)

Polyethylene”, Thesis for PhD., 1986. (in Korean) o gl o] HIALA 3} AR, SHEebAEHS] %], 20,
14) Y. Yamano and H. Endoh, “Increase in breakdown 1%, pp. 81-85, 2005.

strength of PE film by additives of azocompounds”,
IEEE Trans. on EI, Vol. 5, No. 2, 1998.

FROFEBtS| x|, M277 K23, 20124 19

ol



