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Abstract

In this paper, we have investigated thermal properties and impurities content of specimens showing
by changing the content of carbon black that is semiconductive materials for underground power
transmission. Specimens were made of sheet form with the three of existing resins and the nine of
specimens for measurement. Impurities content of specimens was measured by ICPAES(Inductively
Coupled Plasma Atomic Emission Spectrometer). Heat capacity(AH) and melting temperature(Tm) were
measured by DSC(Differential Scanning Calorimetry). The ranges of measurement temperature were
from 0 T to 200 C, and heating temperature was 4 C/min. And then thermal diffusivity was
measured by LFA 447. The measurement temperature was 25 C. Impurities content was highly
measured according to increasing the content of carbon black from ICPAES results. And heat capacity
and melting temperature from the DSC results were simultaneously decreased according to increasing
the content of carbon black, while thermal diffusivity was increased according to increasing the content
of carbon black. Because ionic impurities of carbon black containg Fe, Co, Mn, Al, and Zn were
rapidly increasing Kinetic energy by vibration of ionic impurities through the applied heat energy.
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Table 1. Composition of specimens.
Unit : wt%
Spec- Carbon .
. EVA|EEA|EBA Additive| Agent | Total
imen Black
#1 1782 - - 20 1.3 05 | 100
#2 |686|( - - 30 0.6 05 | 100
#3 |589( - - 40 0.6 05 | 100
#4 - {782 - 20 1.3 05 | 100
#5 - |6861 - 30 0.6 05 | 100
#6 - |589] - 40 0.6 05 | 100
#7 - - 782 20 1.3 05 | 100
#3 - - 1686] 30 0.6 05 | 100
#9 - - |589| 40 0.6 05 | 100
Al |538| - - 38.7 6.9 06 | 100
A2 | - - |53.8] 387 6.9 0.6 | 100
A3 | - - |57.8| 372 4.5 06 | 100
A AEde o4 BEEC Zk AW
a4z (AHS £82¢% (Tm)d vAles dFgs
=437 Hel Ated € &4 AvlE DSC (TA
Instrument, DSC 2920)o]t}. DSC9 &A= 4
AE 0 CTAAM 200 CTHAAOL, $&&TE 4 T/
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Table 2. Ionic impurities in carbon black.

oled ExE.

Unit : ppm
T Content
Ca -
Si 5475.64
Cu 49,78
Fe 14.38
Al 334.07
Zn 13.27
Mg -
Ni 3.32
Na 817.47
K 313.05
Total 7020.98
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Table 3. Ionic impurities of composites.
Unit : ppm
zalu || s | u| s | s
c, | 130 ] 134 ] es [ 138 T 124 [ 1oL
308 | ag2 | 728 | 181 | 768 | 941
o | 320 | 30 | 1410 | 150 | 221 | 600,
Y170 | 380 | 105 | 545 | 811 | o002
co | - | - | -1 -1-1-
Fe |35.766 | 63546 | 41.519 | 22.272 | 39.279 | 50.750
Al | - 295|585 - |23105] -
Zn | 0489 | 0492 | 2350 | - - -
Mg |27.927|20.064|26.233| 22.727| 27.726 | 22.065
Ni | 3919 | 6896 | 4700 | 4545 | 4621 | 4.413
Na | 208 | 213 | 689 | 231 | 263 | 1s0.
a1 231 | 300 | 385 | 818 | 401 | 044
K |80.352|76.847| 7.442 | 72.727 | 78 558 | 66.195
Total| 818 | 836 | 2381 | 641 | 783. | 1004
Ol 712 | 941 | 347 | 815 | 269 | 410




=5 #7 #8 #9 Al A2 A3
C 110. | 126. | 126. | 160. | 181. | 147.
1209 | 023 | 453 | 095 | 367 | 962
Si 461. | 905. | 959. | 356. | 213. | 1920.
' 331 368 302 294 082 714
cu | - | - | - - | |-
Fe [17.941126.387112.112]19.002|23.786|20.658
Al - 4549 - - - 122333
593. | 569.
Zn | 4.271 | 4549 - 824 871 5.583
2926. | 2958.
25. 31.847|29. .
Mg |25.630(31.847|29.069 %65 | 374 27917
Ni - - 4.844 | 4.750 - -
N 175. | 195. | 203. | 194. | 213. | 240.
a 138 632 488 774 082 089
K |68.346|68.243|67.829|61.757|69.375|94.919
862. | 1362. | 1403. | 4316. | 4228. | 2480.
Total
876 | 598 | 097 | 861 937 175
- Not aetected or less than 0.05 ppm
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Table 4. Thermal properties of semiconductive
materials by content of carbon black.
5 AH [)/g] Tm [T]
#1 56.57 65.21
#2 45.10 64.13
#3 39.27 63
#4 58.12 70.53
#5 49.22 69.35
#6 39.08 67.22
#7 54.41 66.81
#8 44.80 64.53
#9 37.20 64.30
Al 4572 73.61
A2 45.97 64.07
A3 31.84 65.83

1330

29 5% AREAY Fdol e 25 ColN @
FHEE e Rolth adeld & & QlEe] 7}

oy

A& o7, 9].

ol AT Al A2 E A3 X9 g g A
g =A3%x Eskth 23y ICPAESS DSCY
A Axte] oslH Al A2 E A3 X9 4 3
T S4E FAC 8 w4 UEE 3=

$ol dg Ans F¥ A¥e T

:
by

03e

022 1

0 30 a0
Carbon Black Canetnt (%)

a3 5 stREde g e ANUse I &
AL,
Fig. 5. Thermal diffusivity of semiconductive

materials by content of carbon black.



ge A

)

24 5 FtEEde =9 ¢

A=,

el

Table 5. Thermal diffusivity of specimens .by
content of carbon black.
57 Thermal diffusivity [mm?®/s]
#1 0.241
#2 0.302
#3 0.381
#4 0.244
# 0.311
#6 0.390
#7 0.286
#3 0.345
#9 0.420
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