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Volume Resistivity, Specific Heat and Thermal Conductivity Measurement
of Semiconducting Materials for 154[kV]

= EH - RES LR N KB
(Kyoung-Yong Lee - Jong-Seok Yang - Yong-Sung Choi - Dae~Hee Park)

Abstract - We have investigated volume resistivity and thermal properties showed by changing the content of carbon
black which is the component parts of semiconducting shield in underground power transmission cable. Specimens were
made of sheet form with the nine of specimens for measurement. Volume resistivity of specimens was measured by
volume resistivity meter after 10 minutes in the preheated oven of both 25+1[C] and 90+1[C]. And specific heat (Cp) and
thermal conductivity were measured by Nano Flash Diffusivity and DSC (Differential Scanning Calorimetry). The
measurement temperature ranges of specific heat using the DSC was from 20[C] to 60['C], and the heating rate was 1[T
/min). And the measurement temperatures of thermal conductivity using Nano Flash Diffusivity were both 25[C] and 55
[C]. Volume resistivity was high according to an increment of the content of carbon black from these experimental
results. And specific heat was decreased, while thermal conductivity was increased by an increment of the content of
carbon black. And both specific heat and thermal conductivity were increased by heating rate because volume of materials

was expanded according to rise in temperature.
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3}), EEA (Ethylene Ethyl Acrylate, ATOFINA) © EBA
(Ethylene Buthyl Acrylate, Mitsui Dupont)E& 71¥ MEZ
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Table 1. Composition of specimens

Unit: wt%

25 |Eva |BEa [EBA | S Lasta | Ama | w4
Black

#1 78.2 - - 20 1.3 05 100
#2 68.6 - - 30 0.6 05 100
#3 58.9 - - 40 0.6 0.5 100
#4 - 78.2 - 20 1.3 05 100
#5 - 68.6 - 30 0.6 05 100
#6 - 589 - 40 0.6 05 100
#7 - - 782 20 1.3 05 100
#8 - - 686 30 0.6 05 100
#9 - - 589 40 0.6 05 100

ANEEL g3 Fee NRE 70[TI~100[Cl8) &N
587+ 13 AT F 180[TCINA 2083+ 200[kg/cm?]e] &
oz ZHPAL 9 ANEAoZ AFZFED AFA[Y =
2 9% NEe FA lmmle AEZA 3 dole #7
30[mm]st 64[mmielct.

2% 12 £ A8 ASE A vl FAe e
A FZE yved AHoltl B ulg} Zo] dEdA nEA
A& VA, EA, BAS Y SHFA A& TF3EA Hol 9
t 728 2 4 At

EVA = Poly(Ethylene-CO-Vinyl Acetate)
-(CH,-CH ))m- (CH,~CHn-
0
CH,
(a) EVA

EEA = Poly(Ethylene-CO-Ethyl Acrylate)
~(CH,~CH Jm- (CH - CEn-
?
CH,-CH,
(b) EEA
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EBA = Poly(Ethylene-CO-Butyl Acrylate)
-(CHZ-CHz)m-(CHz-CIH)n—
=

1
Cally

(c) EBA
a3 1. HojA X2 &EtY X
Fig. 1 Chemical structure of base resins

22 ME Ty o uy

FHEEY o) wWE AWEEY AFAYL 1Y 37 2
2 Ay FHAM APHAW 2F 29 Fo] AW FEd
AT At S0lmm)7t HEE AW HAEE It o
F, 25+1[TCleF 90+1[C]2 4dd ¥ AHE Y 108
7 BAR F A%E &A%

H L (Cp)2 p-Sensor 7} H&FHE vjddEL DSC (TA
Instrument, DSC 204F1)Z £33t DSCe &ALE H
f1e 20[ClA 60[CIAA Oz, $2&=E 1[T/min]fch
gA =X+ Nano Flash Diffusivity (NETZSCH, LFA 447)
2 2A43Y. 242 E 5[Cle 55[CIHY. dxx 4
d& vtzd AREY 99 2% 60[TC] AFE ety
S5[CIAAZ etth o AvlE ASTM E1461 3o} ¥
3 Au]2 A A=ZYA (Xenon Flash) PEZ & FUYo 2 4
230 A A FZE AE olAFY XY FEH
I AHY Zoz AYEHE L& AR AT FAA
A4 (IR detector)o] 93] &R€}

a8 2 AXMXNE AY T
Fig. 2 Experimental equipment of volume resitivity

3. A8 23

3.1 AEx3g

a9 3& FHEEAY §Fd wmE Al A5 AHA
FL 25[ClolAd 4% Aot} AAAFL sl2EHY P
o] =718 wal 15062 ¢ cmi~218[12 ¢ cm]e B Sl
Zastdeh &, 2 EY gy Fo o dAz At
EA He F=4 (structure theory)el & 7] AEA o
F7hete AL ¢ & AW, 21

a9 45 FHEEAY FFo nE wxEd A2 AHA
gL 90[ClAA &A% Rolo APAFL szEd 33
o] =7}ge] wa} 135042 « em]~561[§2 » cmlel W9
N Zasdvh BICIIAs stz peade) 3ol



Z7hgtel mal AFAFE FasAw 25[Tlo vl& AHA
3ol FAHBA F7ee AL ¢ F Ut ojAL f§2E
oA, #lolx £ L& A5 ula APl Fo}
ste] FHEEY YA BH) Folu: PTC (positive
temperature coefficient) 843 £§2% o|F o FHEEHo]
AEE st N2 AxA vENIE F4sE= NTC
(negative temperature coefficient) 84 wj ot}

%, PTC 84L& 239 459 wel £42% 2Hd 2
wlola £A FIEEH QA o|AAY e FrtE Q8
=4 dEYa7E dodg. ol A=A WENa 53
AAZte] 39 (hoping)& Walslez AR Fits
Ao vkE NTC dA42e 29 34 §50] A9 o
FE54E 713 FHEEY YgAREC] AfFrze] Aujdstdd
ME2E A MEHIE YA 2224 HAREY oF
T27F F7kstA Ha, o2 Adtd AHAF o] WolxE
Aoz HAydch Fnz & A4¥d Algd" wizd AYs:s
|EE=7 63[T1~7361[TCle] B olth.

MU Ty (g e )

cB EVA EEA EBA

NN EVA

logp [Q - cm]

Carbon Black Content [wt%]

aY 3 FtEEe] et oiE wted™ MEef M E

(257C)
Fig. 3 Volume resitivity of semicons by carbon black content
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Fig. 5 PTC and NTC properties of CB/HDPE composite by
carbon black content [6].
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Fig. 6 Specific heat of semicons by carbon black content
and temperature
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Table 2. Specific heat of semicons by carbon black content
and temperature

Specimens Specific Heat [J/g + CI

25[C] 55[C]
#1 - 1.75051 2.57447
#2 1.70432 2.38927
#3 1.48869 2.05849
#4 1.79656 2.49502
#5 1.69282 2.39703
#5 1.50342 2.18059
#7 1.88374 2.56049
#3 1.73263 2.39790
#9 1.56017 2.17554
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Table 3. General thermal conductivity of materials at 25[C]
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