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Thermal Properties According to lonic Impurities of Semiconductive Material
in Power Cable
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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 (782 - - 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 - | 686 - 30 06 05 | 100
#6 - |589| - 40 0.6 05 | 100
#7 - - 782 20 1.3 05 | 100
#3 - - 1686( 30 0.6 05 | 100
#9 - - 5891 40 06 05 | 100
Al |538] - - 387 6.9 06 | 100
A2 - - |b3.8] 387 6.9 06 | 100
A3 - - |57.8| 37.2 45 06 | 100
e AFuwe ol EFEe 74 AlHY
dE&%F ADY 282 (Tm)el vAe= 9F¢S
23357 Yl AMgE 8 A ZHl= DSC (TA
Instrument, DSC 2920)°]1t}. DSCe FAH 2= H
A= 0 CTAA 200 T7AAOL, $&&=E 4 T/
minolth BE DSCE AMygLE Zgadlg o
83A Hed AEY &8 (5F B84 pan)
T AW S22 F/8FAY o\ LEo §
AA 71 T8 Aol wEtAvt, B A=

Fool s Age] o]Fo|HT}

vllgto 2 XNHES9 o IAANLE 2337 9
3] A8 ¥ Nano Flash Diffusivity (NETZSCH,
LFA 4479 ZALxeE 25 Tolth o A=
ASTM E1461 #4o] 4as gulen A=
(Xenon Flash) #Z& Fgdog &3t A= =
Al WEE AJEH ol o] KA PC':] TEHIDL A
Ho 9% o2 MuHs E2 Judid A3 4
A4 MM (IR detector)ell 2|3 %‘é 10k 54 E
doleli= AXE o] ofs] AAEo] AlHe
245 (Thermal Diffusivity)7t Z# €},
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SR GO = F 1071A] 9] o)A ETES
A&t dd, &, Ca, Si, Fe, Al, Zn, Cu, Mg,
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ppm¢l AL U F AU FFH B4 Eo]
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FHEEHo] M #FHI de RE & F
AN

53, Si, Al, Na, K 59 E¢EE80 492 4
EHAUS. ® 29 A we} ol B EFAHE
o] 24 ECEES E 3o AAsAT

# 394 & F Axe] FREHY FFo] F

7hel wet oA EEE TS 641815~

Ni K selth. tdd deEse 4316861 ppme] WANH FAHHR At Re
AeiHol gk S AT U AXEE B aa = o
+£BZ FHFse ofE FriA SHoez 449"
= sl E 3 B@AEg oy ¥eE
A, HEe A TR A W3 2 Table 3. Ionic impurities of composites.
W3S 312 WA, UgdE BEEEELS Yollo Unit : ppm
2 EZAFeRN 9o s HEg doA E
FA4-E BAAAY, ANAN dYold BEE FE 22| m w | i | wm | s |
9 g, AA 2L FE & dgo
E e M2 849 AMER ° %RMIEH Ca 131. | 134. | 163. | 133. | 124. | 101
28z §ALE T2E AAAT BLBEESL F 308 | 482 | 728 | 181 | 768 | 941
27 getA "AEAolEN MFe BE @t | 330 | 309. | 1410. | 154. | 221. | 609.
Ho] 4%H AL Wol FAske) felo] g St 70 | 359 | 106 | 545 | 811 | ooz
o AAE, o Fr4A A dEol mAgAME
ol2A B&Ed U wAE Z3sin vt Cu - - - - - B
E 2 FEEY o]eAy BiE Fe |35.766|63.546|41.519|22.272| 39.279 | 50.750
Table 2. Ionic impurities in carbon black.
Unit : ppm Al - 1295|587 - [23105f -
=5 Content
7Zn ]0489 | 0492 | 2350 | - - -
Ca -
Si 5475.64
o 1978 Mg |27.927|29.064|26.233 | 22.727 | 27.726 | 22.065
Fe 14.38
X 33407 Ni | 3919 | 6.896 | 4.700 | 4545 | 4621 | 4413
Zn 13.27 208. | 213. | 689. | 231. | 263. | 150.
Mg Na | o3 | 300 | 385 | s18 | 401 | 044
Ni 3.32
Na 1747 K |80.352|76.847| 7.442 | 72.727| 78558 | 66.195
K 313.05 818. | 836. | 2351. | 641. | 783. | 1004.
Total 7020.98 Totall 715 | 941 | 347 | 815 | 269 | 410
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110. | 126. | 126. | 160. | 181. | 147.

Cat o9 | 023 | 453 | 005 | 367 | 962
o | 461 | 905 | 959, | 356 | 213. | 1920
"1 331 | 368 | 302 | 204 | 082 | 714

Cu - - . . -

Fe |17.941]26.387|12.112|19.002|23.786{20.658

Al - | 4549 - - - 22333
- 593. | 569.
Zn | 4.271 | 4549 24 | 871 5583
2926. | 2958.
62 . . 27917
Mg [25.630|31.847129.069 365 | 374 7
Ni - 1484414750 - -

175 | 195, | 203. | 194. | 213. | 240.
138 | 632 | 488 | 774 | 082 | 089

K |68.346(68.243|67.829|61.75769.375/94.919

862. | 1362. | 1403. | 4316. | 4228. | 2480.

Total) o726 | 508 | 097 | 861 | 937 | 175

- © Not detected or less than 0.05 ppm
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Fig. 1. Thermal properties of EVA by content
of carbon black.
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Fig. 4. Thermal properties of existing resins by
content of carbon black.
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Table 4. Thermal properties of semiconductive
materials by content of carbon black.
5% AH [J/g] Tm [TC]
#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 4597 64.07
A3 31.84 65.83
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Table 5. Thermal diffusivity of specimens by
content of carbon black.
=8 Thermal diffusivity (mm?/s]
#1 0.241
#2 0.302
#3 0.381
#4 0.244
#5 0.311
#6 0.390
#7 0.286
#8 0.345
#9 0.420
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