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Abstract

The authors studied fundamental behaviors of carbon black (CB)-filled electrical conductive
materials for high voltage power cables. The facts were found that the conductivity was propor-
tional with the amount of CB, and was affected by the kind of CB and matrix polymers. Futhermor-
e,the effect of molding conditions of these materials on electrical conductivity was investigated
using LDPE EVA and EEA as base polymers.

Consequently,the longer molding period andhigher molding temperature gave higher conductivity
suggesting that well developed CB structure gave excellent conductivity.

Unexpected electrical breakdown phenomenonwas observed in lower conductive specimens which
contain ca. 20 phr of acetylene black.

In the case of CB having rather small sur-face area, e.g., acetylene black, degree of CB structure
was proportional with the amount of bound rubber. TEM observations on these materials was also
performed.
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Bulx—2AKV~<v—% Table 1 WL, %
To. BEWA—R 77y 7 3BEL LT EeE
TeFLV 7Ty 7 (AB) RURENEESE A A
W77 —%AT 7w 7TH% Cabot fHE VA~
XC-722 iz, 25 CB O FER¥MES Table
2L 7Y,

Rl R—2Aw—
Tablel Base Polymers

Sample MFR Comonomer Content (wt%)
EVA-1 15 14
EVA'" EVA-2 15 20
EVA-3 15 28
EEA-1 5 9
EEA” EEA-2 5 19
EEA-3 5 25
LDPE® 11 -

(1) EVA : Ethylene Vinylacetate Co-polymer
(2) EEA : Ethylene Ethylacrylate Co-polymer
{3) LDPE: Low Density Polyethylene
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TableZ Properties of Conductive Carbon Blacks

item No. Properties Acetylene Black | Vulcan XC-72
Surface Area N, BET
1
(wi/g) 70 180
Pore Volume DBP
2 (emd/100g) 250 178
Surface Area CTAB
3 (it /g 78 86
4 Particle Size (nm) 42 29
5 EM.Surface Area 71 "
(nf/g)
Pore Area
6 (Item 1 -Item 3 ) 0 %

Pore area estimated by subtraction of CTAB from N, surface area.
BET : Method by Brumauer, Emmett and Teller

DBP : Dibutyl phthalate,

CTAB : Cetyltrimethylammonium bromibe
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Fig.1 Concept for Carbon Black Structure
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Table3 Typical testing methods for carbon black
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ASh, A—Ho 7597084
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B kET 2 Lt FHa& S, UL, chic
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(a) Acetylene Black

2 EBEN—FTZvIDERRETHEHETE

(BEE#2ft:Cabot Corporation)
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(b) Vulcan XC—T2

500nm

Fig.2 Transmission Electron Micrographs of Conductive Carbon Blacks

(Photos Courtesy of Cabot Corporation) .
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Fig. 3 Change of Volume Resistivity with Molding Tempera-
ture

(Acetylene Black : 55phr)
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Fig. 4 Change of Volume Resistivity with Molding Tempera-
ture

(Acetylene Black : 55phr)
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Fig. 5 Change of Volume Resistivity with Molding Period
(Acetylene Black : 55phr in LDPE)
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Fig. 6 Change of Volume Resistivity with Molding Period
(Acetylene Black : 55phr in EVA-2)
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Fig. 7 Dispersing Model of CB in LDPE,EVA and EEA
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Molding Time : 20min
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1 ] [ 1 1 ]

o
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Molding Temperature (°C)

8 MEEEICLZEHEENEOEL
(BB = 2053/, ~—RRY <—=LDPE)
Fig. 8 Change of Volume Resistivity with Molding Tempera-
ture
(Molding Time=20min . LDPE)

Molding Time : 20min
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(B BIEE=205. X—ARRYT—=EVA-1)
Fig. 9 Change of Volume Resistivity with Molding Tempera-
ture
(Molding Time=20min ; EVA-1)

EERTRLTWS, £7, CBEFEERICBVT, Z
DIRHIEY DFE % ZJ 7% CB #E40phr LT
DEB TOERBIKTIERE{L 2 HH# 7 % £ \LDPE &
Db EVA-10 AR, X VBB TOREIC L DA
ERERMET T 2EACH B, 2D s,
EREANTO CB #EEFRIZ LDPE X b EVA-
1OEWBEZTHD LEREINS,

RIZ RENBEE #180°C—E & L 12358& ORI

Y H—RT 5y o FANBEOERE

Molding Temperature : 180 (°C)
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Fig.10 Change of Volume Resistivity with Molding Period
(Molding Temperature=180°C; LDPE)
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Molding Temperature : 180 (°C)

107
N Loaded
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X
105 . 4 : 20phr
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11 BREIEERIC & S BRI ENEIL
(RELEE =180°C, \—RR 1) T—=EVA-1)
Fig.11 Change of Volume Resistivity with Molding Period
(Molding Temperature=180°C, EVA-1)
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Tabled Molding Temperature at which the Volume Resis-

tivity reaches to 103Q-cm
{Molding Period = 20min)

TEFLLT Ty 7RI LDPE EVA
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Fig.12 Molding Temperature at which the Volume Resis-
tivity reaches to 10°Q0-cm
(Molding Period=20min)
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Fig.13 Change of Volume Resistivity with Molding Tempera-
ture.
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Fig.14 Change of Volume Resistivity with Molding Tempera-
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