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Abstract

The effect of surface free energy on the positive temperature coefficient (PTC) of carbon black/thermoplastic resin
composites was investigated. The thermoplastic resins such as EVA, LDPE, LLDPE and HDPE were used with the
addition of 30 wt.% of the carbon black. The surface free energy of the composites was studied in the context of two-
liquid contact angle measurements, i.e., deionized water and diiodomethane. It was observed that the resistivity on PTC
composites was greatly increased near the crystalline melting temperature, due to the thermal expansion of polymeric
matrix. From the experimental results, it was proposed that the decrease of surface free energy induced by interactions
between carbon black surfaces and polymer chains is an important factor to the fabrication of a PTC composite made of
carbon black and polymeric matrix.
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Table 1. Properties of Carbon Black 40B1

Specific surface area (m*/g) 149
DBP absorption (cc/100 g) 129
pH 7.9
Average particle size (nm) 22
Ash (%) 0.006
Volatile contents (%) 1.28
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Table 2. London Dispersivey{) and Specific ¥ F) Compo-
nents of Surface Free energy ) in Wetting Liquids (Subscript:
L), Measured at 2C

Wetting liquids  y [ /mJ-m™ y £r/mJ-m= yo/ml-m~

water 21.8 51.0 72.8

diiodomethane 50.42 0.38 50.8
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Fig. 1. Dynamic DSC thermograms for the CB/thermoplastic
resin composites (heating rate: 10°C/min).
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Fig. 2. Resistivity for the CB/thermoplastic resin composites
measured at room temperature.
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Fig. 3. PTC curve for the CB/thermoplastic resin composites.
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Fig. 4. Reproducibility for the CB/thermoplastic resin composites.
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Fig. 5. PTC intensity for the CB/thermoplastic resin compos-
ites.
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Table 3. Contact Angle Determination (in degree) of the PTC
Materials studied

PTC materials water diiodomethane
EVA +CB 7111203 592+0.5
LDPE + CB 68.4+0.5 58.8+0.7
LLDPE + CB 63.1+0.3 60.6 +0.8
HDPE + CB 74.4+0.7 66.5+0.5
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Fig. 6. Surface free energies of the CB/thermoplastic resin
composites using a two-liquid geometric method.

2 (4% 5)= Hehd < JUTH15].

ysp_z[(l + 009,) Y, ()"~ (1 + coBy) iy E(;}Lz)l’z}z
74

(b O - (v, OED™

(4)
12 1/242
}}_1.|:(1 + coH)) iy E(VES) —(1+ cosB,) v [(VED }
ST 1/2 1/2
4 (Va8 - 0 DD
©)
20

£ 184 R=0.94
Q
£
<
&£ 12
>
=
@ g
3
14
@
§ *1
S LDPE® sLLDPE

0

T T M T T T T T T
30 33 36 39 42 45

v, (mJ.m?)

Fig. 7. Dependence of the resistivity on } of the CB/thermo-
plastic resin composites.
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