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ABSTRACT

Morphology of low density polyethylene(LDPE) such as the
degree of crystallinity changes with thermal history
etc.

In order to clarify the effects of morphological changes
on electrical breakdown, we studied direct current and
impulse breakdown phenomena of LDPE films heat-treated
at 100 [* C] for 1 [H) in silicone oil and subsequently
cooling to various ways,

The degree of crystallinity was estimated by the infra
red absorption and X-ray diffraction measurements for
the specimens of slowly cooled, cooled in water, origin-
al, and cooled in liquid nitrogen gas.

As the result, we obtained that the first, second, thir.
d, and fourth was slowly cooled of 70.23[%], cooled in
water of 61.8[%], original specimen of 56.75[{%], and
cooled in liquid nitrogen gas of 34.7[%] respectively.
The crystalline size and distribution of specimens were
researched by Differential scanning calolimeter measure-
ments.
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Fig.2 Infra-red absorption

3, 20=21.40° Jo4A WA (110)2) sjzs) 20= 23.6[° Join
4 (200)2} sjash vhehuid, o] -2 F¥Elo) vehiy,
£t 20= 360° JojA = H2(02052) Zlojo} ey} 3) =5}

vhepybel,
%) dAme A w2 ¥He] A el 4
2, dXeY ABeiME (20004732) 3)lav ity
(02003 73=] sjae gAeie] 71552 $olo] ale} HolH
& 90y $gich .
st A e E 2444 background 20 = 108} 27 [° )
ofd 2] s|aniH g scanner® AHE FHI2)E A (1)of
thalsted AANE X [X]F Fshsich. ‘
Xe [%1= 1 / (Ta+lc) (1)
LDPES] IR §/4 5% »}4 1901[ce-t]ofa] a4 e (base
line, 1310-1830[ca~11)2} 1303Lcm-t)ofs 8}77) P& (base
line, 1370-1250[ca~11)2) 3137} rhetrbied), o] 52 7
4 dBus] FHEE S8k 4@ Y PANE XX)
& Fihsir.
Xe [%]= 18.9 Aq001 / d (2)
o) el Auwydos ¥ AN A2 E Pelsiw ;1
2} ek,
Table 1, The degree of crystallinity

Aog | A 4] mAHe | 3

A= elxl] 70.23

56.75

=k Bfbie] 2rig) #4rE DSC(DAINI SEIXKDHA SSC/560
Thermal Programmer)d o|-& 3t3led), DSCe} ¥43l3¢
B eidelrt 25 A4oh whel arizt Ae RAyel gulE
o vehte Reog Moy m2sl doh

Table 2. Absorption peak of DSC

NO | AR Peak ¥ Peak 2% [° €]
® | vine 1

@ M 3 110.5, 1087
Q@5+ 2 110,

@i g9 3 109,

11-2, gdsp2 e} Eesji&d
LDPEe} £ 92 BRabE vich 2342 e
ojutm o g Aol of 70[° Cl7tx-§ A-2dsio= nas
a s,
=3 Helojgd o)y A geleErctt ol FE4E
AR e, o2 2Edd g n&ddelel sivf, BF 80
{* Clo}el 2sddg A,
e EBzjojyde] Heisky AFoiME ergede] FE
& AU eFy g} EEEA4M Pt 2xof &3
2 o Aededs Lre A5 kel Fadde
2.8 FEsha ek
Tapeba EelFofry HHLE 30, 500° C1E A&l ne)
2 90[° C1'F -&dd olel Asigict.
D5 ddstae) e ey
I3 A F dY w54 2Rl g oz Ay
30, 50[° ClyefAlsz stjzlsle] 7o) U4y g Ut

k4 T T T

LR

® ORIC.
ok e 5.C |
%k% A WL
sk é " LN |
I #
E.s L3 3
i 5
3 } o
L i |

20 40 L1 L1 108
Temperature { T}
Fig.3 The temperature dependence of DC breakdown

strength
2y 22eded (900 ChofM st Y-e Aedednc

i Weold g d4 sla,mat dabrsnrt weby g vy
Ak 42 vl g 44 itk
ol RE AHF{EY A AFASY AFHE o) fAlx
Helng Asted Alguise] Frxstrl gl o)zlo) A
dstz)of 71ojst7] uwfFolch

L0t 900 C1A % sl widddddal e PAY
ol gsls FAUor il aly] wiEef doe] shER



7t 7S, § AYUE 4K NAAGE IR o
obal=tl, oA Asuols ZHBelst YAYYH PAAR
e ud3 Aol o] Fojstng mhetd PAEs}
gohE e Aureg v@Ydele] oo stAAgLe
Fold RNee sAuYLh.
aeln §WEE7t wohAw AL Wobxl e, 0| A2
257 golalm AFoee] HalFo) ke S0l
ol 299 A7t s{eded st F471d 312
F 5o 79t}7) W A Y.

29y~ Poistye) SxoEy

294k WA A S48 LReEMLoE MR
o} Z25of ule} st AYS A ANYF T4 AL
dopr s A el stz dgle) Adrjge] spA TRt
X, & AAYE} GS4F spAAYS wEE YUYS
Qeon], #ie] 8 UYL 4N

T

& ORIG.
¢ s.C |
a W.C

d " LN

2 i 1
20 a0 80 80 100

‘Temperature [T)
Fig. 4 The temperature dependence of Imp., breakdown

strength

aeuh 229 (90[° ChIofA B At Aeodelz wn
o] @4ol el #4r2) T WojH e A4,
ojFe WAL Aty 312 FE NS db Aog,
A2 Haprh A7t BAgofUAlE 2] ofYx)E do] o]
gl AP PR A YUAM Fh4E 717} o).
28l 23 (free volume) 2 AN e] 7} & sof wle} S0}
€7) wizof vt pEiol YRASWY AL YHE} o
ol oA s, weld FIAEe] s Hte] Ay
ANERT $3E %4 0T oRE A7 FE o8y
th.

DR} dPaAst2e ua

2% 33 48 7122 St AANELEYE A
a9 59 gt
age) Medeelde NG AAsAnde] YPA U}
AR oo, eSS} Eobxin Wzt e 3
& 24 ik
o] R M-zdoeld gus HUsky FWA AL ol
3 ol BE & mecy ol YFAARYNE £42 2
slme Usto kAol ¢ gy FUN s AF
gof Bm4 FANHE WAk BAE Bs12)7]7) wlel
2 @bl sieto] WA Bk gAY
ae aededolie gtule Yu At st ARsAB

U ACEE TR
] 30 [¢]
A 50 L
sl 20 o .
de ©
.o
?OA .
sf Wb A
— Mp
§ o
ey
]
[ty o
sl .
-
-
a [ ]
2k -
1 1 1 ] ]

20 30 40 50 60 70 80
Xcl%)
Fig.5 The degree of crystallinity dependance of
breakdown strength

duo gor ojRe AR Ay 2EI gobxd BI2

28 A 2T w7 Helzyd FRAste AL

uf2of st AYL Wobal - 1ela olul o B A} R

an 29 stas AN skd 713 Fo) Ao 7l
Zoz saych

v.g3E
Anl s Ee)ofed A=) aorphologyiste}l Zdsiae) BAE

za8)7)9)8) gl A EE o8 AFe dH2HAsk

348 2A4¢ A3

1. NEe] Ayt ed 33 arlis $2E WA4E)
7HE9 55 oby g HUskiz,

2. 25k SdofA st At ) A AAYE
of Rdsh} ngdde U4z ZotgE Uk

3. HAs SdolMe A2dde] B9 HAPHER) F7}
ofute} sp M Aottt 2EYdcidE Wl o
4g $Udnen

4. Aol ua FAste] Zloje A FAA
o) g asta) ALt 5& ¥ sizden, 22
ddolMe ey Fodsle] sl FYstAY 7|A
3 312)7) 27t Erof Zled 2 doiddo] el Neg
stz

yagd

1. K.YAHAGI, S.KATAKAI;Electrical Breakdown in Polymer
and Its Morphology, MEFI¥PE, 52, 6,pp 493-497 (1983)

2. M.Xawahigashi, Y.Miyashita and H.Kato:The Importance
of Morphology on Electrical Strangth of LDPE/XLPE In-
sulations, IEEE 1992 Annual Report pp561-566(1992)

3. F¥H W FE SRR IsKXVTFLYOR
e BalcmT s, 5974, 23, 255, pp5i2-
520(1966) .

4. RE mx, $A BLiXvVZFLYo TEEMLEE
ODTA & LU XREHT, &% F{h8, 24, 267, pps52-458
(1967)

5. L.A.Dissado and J.C.Fothergill; "ELECTRICAL DEGRADATI-
ON AND BREAKDOWN IN POLYMER”, Peter Peregrinus Ltd.,
London, United Kingdom, pp155-185(1992)

—1176—



