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A Study on the Thermal Properties of CNT Reinforced Semiconductive Shield
Materials for Power Cables
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Abstract

In this paper, we have investigated thermal properties of semiconductive shield materials for power
cables. EEA (Ethylene Ethyl Acrylate) was used for base polymer and TGA (Thermal Gravimetric
Analysis) and AFM (Atomic Force Microscope) were investigated with various carbon black and CNT
(carbon nanotube) contents. When CNT reinforced composites and conventional composite were
investigated with TGA, we knew that thermal properties of CNT reinforced composite were better than
them of conventional composite. To investigate roughness, we used AFM. Before and after aging,
AFM was applied and after aging, roughness was increased. As a result, suitable CNT and CB(carbon
black) content is CNT:CB=50:50.
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21 MHE "z 2 A=

E =R AeE nEx WEY2EE EEA
(Ethylene FEthyl Acrylate, Dupont-Mitsui Poly-
chemicals. Co. Ltd)E Ab&3tgom, A=Ed & 7]
AX AEE o387 43 FHAAE CB(Carbon

(o =1
Black, Iljin Nanotech. Co. Ltd), CNT(Carbon
Nanotube, Iljin Nanotech. Co. Ltd CM-95,

diameter 10715 nm, length 10720 um, purity>9 %)
Z A&t okeel £ £F Al £H2%E Xylene
(Samchun Pure Chemical Co. Ltd : purity 95 %)<
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Table 1. Specimen of formulation.

Compound Polymer | CNT CB
n
P (Wt%) | (wt%) | (wt%)
CNT:CB=0:100 - 10
CNT:CB=20:80 % 2 8
CNT:CB=50:50 (EEA) 5 5
CNT:CB=80:20 8 2
CNT:CB=100:0 10 -
53.8 B
Al : . 387
(EVA)
538
A2 X - 387
(EBA)
57.8
A3 - 37.2
(EBA)

ag 1.
Fig. 1.

FAEGR g AA ARHA.

Specimen  production  procedure by

solution mixing.
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2.2 TGA(Thermal gravimetric analysis)

TGAE £E7h Z7hee) e} Uehti Lau 7
A HEE 229 A7k g2 Jj23E 2o
EAN Asdzgds $EgAe] 74 4 4U44 §
o EE 48 Fvh 53 48 MA2E(Initial

Decomposition Temperature, IDT), ) =% 74

2= (Temperature of Maximum Rate of Weight
Loss, Tmax), F5#F 4 843} dJUR(Ea)E9 &
Aol w9 &3 A EA7)&o|rH11]

TGAZ S #13) AHS-E A= TA InstrumentAt
9] TGA 295001 e9, TGAY &4LE HY=
T~T700 Toli, & $%+= 10 T/mino & g2
o, @A A FA H=A A8 vm EAegh
2.3 AFM(Atomic force microscope)& &

AFME AHE9 B Ad7 9 A&l ¥ &
A3 AFA e AT do) 23 FH|EA
Thero MicroscopesArt NR-AFM-& A}-§-3}93 o}
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3.1 TGA &3

a3 2@ 0 TAAM 700 T7AA &
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=fFHe 72 e FFd 2 TGA F4E U
g Aoty a¥ 2a)ddA & o
=FE FEol Ut vt
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(a) CNT, CB &% m&

TGA curve

100 &

@
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«  Weight (%)
3

Temperature [C]

¢l M= d A8 TGA curve

b) A AH&-F
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e 9%% 24,
Fig. 2. TGA curves of specimen by CNT and

CB contents.
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E 2.CNT, CB %=

Residual.

WE IDT, Tumax

Table 2. IDT, Tmax, residual values with various
CNT and CB contents.

Specimens

g3

MALE

(IDT,TC)

=R

TN

(Twmax, C)

ofN
ol

(wt%)

CNT:CB=0:100

41742

477.03

10.62

CNT:CB=20:80

413.65

479.75

845

CNT:CB=50:50

422.51

478.33

9.61

CNT:CB=80:20

422.65

479.75

8.45

CNT:CB=100:0

428.56

482.25

11.02

Al

285.6

465.8

385

A2

3208

466.7

38.6

A3

4676

467.6
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CNT:CB=0:100

CNT:CB=20:80

'CNT:CB=50:50

CNT:CB=80:20

CNT:CB=100:0

a8 3. gavefEs JEEY e mE
g3 H3 AFM.

Fig. 3. AFMs of specimens with various CNT
and CB contents before aging and after
aging.
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Table 3. Specimen roughness with various CNT
and CB contents.

Before Aging | After Aging

Specimen | Rms |Average| Rms |Average
(am){ (nm) |(nm)| (nm)

CNT:CB=0:100] 54 40.68 285 19.12
CNT:CB=20:80| 71.09 | 5063 |104.7| 67.21
CNT:CB=50:50( 45.11 324 7167 | 46.42
CNT:CB=80:20| 71.26 | 5346 |1235| 9265
CNT:CB=100:0| 86.87 | 58.03 |1334| 8184

¥ 30 BE upe go] €3 AY rms A
719 #2 4511 nmel A 86.87 nme #WYS JE
Wi ow, 43t F9] rms AA7E 285 nmol
Al 18334 nm7tA el HHE Jedd. g3 A3
g3t F9 AZ7E CNTICB=0:1002] A)#HY #H$
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