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Electrical Properties of Nanostructured Carbon Black-filled HDPE Composites:
Effect of Electron Beam Irradiation on PTC Characteristics

Soo-Jin Parkb', Su-Wan Song*, Min-Kang Seo*, and Jae-Rock Lee’

ABSTRACT

In this paper, electrical properties of nanostructured carbon blacks (CB)-filled high density polyethylene
(HDPE) composites were investigated as a function of temperature, which were prepared by the conventional
melt-mixing method. The composites were irradiated with electron beam in a dosage of 30~150 kGy to enhance
an electronical reproducibility and to reduce a negative temperature coefficient (NTC) phenomenon. And, gel
contents (%) of irradiated CB/HDPE composites were estimated by solvent extraction method. From the
experimental results, the positive temperature coefficient (PTC) intensity of the composites was strongly
depended on the CB content and particle size. And, the increase of gel contents (9) and disappearance of NTC
behavior of the composites were identified at a dosage of 60 kGy. It was also found that the electron beam
irradiation made an improvement of electrical reproducibility of the composites. This result was probably due to
the reduction of the freedom of CB movement at above the melting temperature of the polymer crystalline,
resulting in increasing the crosslinking structure of the composites.
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Table 1 Characteristics of Carbon Blacks Used
oom e D s
size(nm) (cc/100g) area(m*/g)
HIBLACK41Y 19 130 150
HIBLACK420B 24 153 88
HIBLACKSL 35 73 68
HIBLACK150B 45 122 41
HIBLACK170 58 80 23
Ravend20 86 75 28
Raven410 101 68 26
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Fig. 1 Schematic diagram of apparatus for cross-linking of
polymer: (a)Electron beam accelerator, (b)Electron-
beam, (c)Irradiating sample, (d)Conveyer, (¢)Motor.

25 7luE £%

Aoz z=Ard AlAY 7t FF (%)L& ASTM
D2765& o] §3tq AL o FEHoZ £t 1
mmX1 mmX] mm& FA7|E 7toE AHE AE F T
ok 0.300£0.015 g9 A]HE 120 mesh stainless steel™S o]
43t < 40 mmd FWPoT ER YT 9 A9
1% AR A 9k 350 ml9] 2ol FAUYE 500
round-flaske] ¥ 120C9 2= 2 12417 &<
o, 100CTY AF 2204 12412 Fk Az
SAsAL ol wWe 7w §FE T

3. 23 ¢ nF

3.1 FrE2=23 9 ol wE PTC A7

FrEEA gako] wlE PTC A|719] WEE Qolny] 9
sl o4 AAA7I}F 86 nm FFEEHS gL 7t
10, 20, 30 222 40 wt%<] H]-&Z HDPE ¢ &gl =B
FANEE AR AXT 5FASY 256 g A
g2kl WslE Fig 201 VeSS £19 §§_RE 39
T FUF 130-150CE AUHEA A7|A o] FA FU
3= PTC 4L Uelhgiglen, 825 o|Fod= NTC
Aol vebgE AT & JAth E3, ALEE FHEED
2 4RI A JiHozZ v EHAC] &A1 ol A3}
o HAA F2 A4S 7Y, FFEEE] o] Ft
ol we} A2 v AR Ao v AYRS gaEe
g, ol EFAEU FHEEAY o] Frigel e
FHEEAZY A VEHAT} F7ste] AR olFo] 4
g7 mEez Algdn

Fig. 2014 ¢ Zt A9 &xo] @& B HEzhe 9
$3l FHEERD FFd O SFAEY 4L vALg
Hol A, g o]AE ol§3 ¥ PTC Aﬂ7la
Fig. 3o e HE2EH0] 10 wi% FHEAS o)



22 W54 g0l A

R AP @

- 107 J—m—10wm% e
= ——20 wi%
3] 8 —A— 30 wi%
£ 1 ——40 Wt%
< o B—a
(=] 6
;‘ a5 \
2 4 / —4
@ L ]
n e
g 27 Bgte /
‘—.".‘—""—._*:1,4—4 V’"‘
U B = = S S e
= 04
T T T T
] 40 80 120 160 200

Temperature( °C)

Fig. 2 PTC curves of CB/HDPE composites as a function of
carbon black content.
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Fig. 3 PTC intensity of CB/HDPE composite as a function of

carbon black content.
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Fig. 4 PTC intensity of CB/HDPE composites as a function of
carbon black content and particle size.
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Fig. 5 PTC curves of CB/HDPE composites as a function of

carbon black particle size.
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Fig. 6 PTC intensity of CB/HDPE composites as a function of

carbon black particle size.
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Fig. 7 Gel contents (%) of CB/HDPE composites as a function of

irradiation dose.
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Fig. 10 Electrical reproductibility of CB/HDPE composites;
(a) Unirradiated, (b) 60 kGy irradiation.
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