CNT

grebol mE Mool
aM E
= —

0x rulr:

& WUEdE M2 B X
' 95C-12-5

Thermal Properties of Semiconducting Materials
for Power Cable by Carbon Nanotube Content

REH -FERE PRI KR
(Jong-Seok Yang - Kyoung-Yong Lee - Dong-Hoon Shin - Dae-Hee Park)

Abstract - In this paper, we have investigated thermal properties by changing the content of carbon nanotube, which is
component part of semiconductive shield in underground power transmission cable. Heat capacity (AH), glass transition
temperature (Tg) and melting temperature (Tm) were measured with the samples of eight, through DSC (Differential
Scanning Calorimetry), and the measurement ranges of temperature selected from =-100[C] to 100[C] with heating
temperature selected per 4[°C/min] Also, high temperature, heat degradation initiation temperature, and heat weight loss
were measured by TGA (Thermogravimetric Analysis) in the temperature from O[C] to 700[C] with rising temperature
of 10[C/min]. As a result, the Glass transition temperatures of the sample were showed near -20[C]~25[C], and the
heat capacity and melting temperature from the DSC was increased according to increasing the content of carbon
nanotube, while, thermal diffusivity was increased according to increasing the content of carbon nanotube. Also, heat
degradation initiation temperature from the TGA results was increasing according to increasing the content of carbon
nanotube with CNT/EEA. Therefore, heat stabilities of EVA, which contained the weak-VA (vinyl acetate), showed the

lowest.
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Auls 19 2ok ¥ 1A Be vk Zo] B =E4A4
ALY BAYREHE MWCNT7?5 (NanoKarbon Co. Ltd,
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Z+zr @3t & 194 B ule} o] CNT/EEA #t=
AZ AR AEL davxFHeo EEAS 80[TC]e i
A 243 Az A F A Fele AEE 180[TCIE 4 E
H Ry EGUIE Al4sle EEASH CNTE 1# 13 22
EZE Yo 2 og HokA 52 ¥ 0% B9 2%
< F JtuAE Y3 108 ¢ EFE 9Tk AEA
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Table 1 Composition of specimens Unit: wt%
Con™ | pva | EEA | EBA | ONT | CB |29 |Agent| Total
tent tive
#1 - 98.9 - 0 ~ 06 | 05 | 100
#2 - 979 - 1 - 06 | 05 | 100
#3 - B9 - 3 - 0.6 05 100
#4 - 939 - 5 - 06 | 05 | 100
#5 - 889 - 10 - 06 05 100
A1l]|538 - - - 3871 69 | 06 | 100
A2l - - 53.8 - 3871 69 | 06 | 100
A3 - - 57.8 - 372 1 45 |1 05 | 100
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AHBES HEA)LE (Glass transition temperature,
Tg), 98L& % (Melting temperature, Tm), 8&% (Heat
capacity, AH) 2 H|¥ (Specific heat, Cp)& 4357 93]
DSC (Difference Scanning Calorimetry, A|ZFA} & 2A)
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a8 1 /4% DSCel TxE&E
Fig. 1 Block diagram of heat flux Difference Scanning
Calorimetry
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Fig. 2 Block diagram of TGA for measurement of thermal
weight
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Fig. 3 DSC properties of specimens by content and
temperature of CNT
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2% 3 (a9l CNT/EEA #=Ad2 Az AAe fad
o]y BAYxFHe FFo] FrHge] ulgl -20.39[C]
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A A AHE Fol BMEAS A8 AHe fYAelre
-2896[C1~-32.78[C]¢] ¥ SlolA vtehtar gl
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AdA F7teks A& ¢ & Utk oA E SESEE
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AU A AHEFA BHEAF AR E§2EE 41.06[TC]
~76.01[CI¥ A4 CNT/EEA H=AF A Hrh 3R
o ®e 225 vz
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Table 2 Heat capacity and melting temperature of
specimens by content of carbon nanotube
Contents TglT] Tm[C] AH[]/g]
#1 -25.85 68.02 24.35
#2 -26.50 67.06 32.95
#3 -22.75 72.53 39.70
#4 -21.37 73.61 43.14
#5 -20.39 73.83 3464
Al -32.78 41.06 16.68
A2 -29.32 68.00 21.67
A3 ~-28.96 76.01 26.49
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MEAdE Qe vsN e d8%F g Jehin ok
A9 2 AFSUA BxrUFEs H7 HAS o B2
Agel FedoleEY F&F o] MHgTE R AW
Howz ozjx Apadolty, Cousin Smith [9]2 7Z3A17t
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ONT Eatol wE HAFOIES WEHs M2l 98 54

Trans. KIEE. Vol. 55C, No. 12, DEC, 2006

o Bustsd, B d@dME nixstAR ZstAst 714
ApA el B2 b BE Qo] AEFeen nEA AEY &
AP & Al Terl 222 ojFd Aoz dddn

Ao r ARFL ASY AAzEs YT BH
Aok wets dgFo] SHEFE AA}ERE TSt A
829 7IAAY A4 Addd. a¥yx Tef F§EETH
Zastd Agd 7bgge] +4E FAE AT Qe HeF
Fd EAE B A5 F3d 4F9FE A g3 o=
A go10-121

ol¢} 2 ZAAEE T3 dAMH o=z CNT/EEA W=
F Ao 23 dAHACl dE AUEA " HE @

32 TGA &3

d FTE THE =AY 24, TTHEY Y, LA
5 AT Jde WHPerA, 53 &3 AA2=IDT),
AE ¥ AYLEAPDT), AU FF HZFA 2=

(Tmax) 28T 8435 oz (Ev $9 FAd oy &
¢ AF B 7)eo i3l

a3y 4% O[TCINA 700[Cl7HAIY) &= A CNT/
EEA Ht=d % Aael @A AHEFEQ iedE ARy 84
YrxFre slEde AP uE &8 AALE, o
5% daA 25, 4 $%F &4 (Weight loss), 282 #
F5%F &4 (Weight loss)S Jebdizn o}

a9 4@ B 394 ¢ F ARl gAY FHY §F
o] F7hgtel uhel AR MA2=7F 3905[C]~402.6[Cle
"ol F7hsteE AL & F Aok =23 gAU=FHe
o] F7hgtd wel o FF ZAAY 2x7) 465.3(TC]
~471.8[C18) B A F7lste A& & F AU oA
Bayvefre Frbd @E dojx X Y9 Jta%v}
gAgHN7] WEeE AT 183 dhAvxeFHY 3
gol Frige]l wWe} FF £HEE A AL ¢
ok =3 FF £do A& Bues A He] Holx
A el AstE gAUuxFH O e XYL ¢
Rt

o

B A B

Q¥s MA 29 44 CNT/EEA #E4 A5 Hoh o
Aoz ¥ 256[TI3403[CIEANA Yebdh EVA
o] B¢, FAY FAde] B Az Ao F, 2856[C] ¥
oA A 12 FFFA7 vEha, ojojA 400[TC] 2ol A
Al 2a FRFFEZL dEd R Sl oY g dde TIEA
2 o]Fojx EVAY VAZE dell Hofslo 7b WA FF
Zazk dojui ojojx dE i dFAe] FFHLIE Yo
doizn ALR 9 o10-12].

9 AFdes T3 oA CNT/EEA W=4H A7}
AFE FolA Fol dAAA 548 Rgen d2uxfR
Bt 5lwt%] A7he Ajmiel ZS 10lwtk]d7td Aldat &4
28l AA2=7E 05(TC), At $F FaAle) =7 05T
AERE ¥ 2 Aot JUT. 2R dLyxFEe
A FFe [Gwtklz Atz g}

Hoz
29'

573



BRBGRNEE 55C% 1258 20064 128

Welght (%)

i i "
[} 100 200 300 400 500 600 700
Temperature [T}

(a) CNT/EEA ®t=d % A8

Weight (%)

[} 100 200 300 400 500 600 700
Temperature [C]

(b) @A AHEF HEDF A=
a3 4 eaLbeREe| ol wE AlHES TGASH

Fig. 4 TGA properties of specimens by content of carbon
nanotube
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Table 3 Thermal properties of specimens by content of
carbon nanotube

A
R
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amg | Beamies | UETE L T | e

(Tmax){C] loss)[%] loss}%]
# 3905 | 4645 99.63 0.01
#2 3927 | 4653 99.49 0.76
#3 394.3 466.2 97.20 0.99
#4 4017 4713 94.76 3.06
# 402.2 471.8 89.44 841
Al | 2856 4658 60.33 385
A2 3208 466.7 59.89 386
A3 340.3 4676 62.97 354
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