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ABSTRACT Electrical characteristics of crystalline polymer composites filled with nano—sized
carbon black particle were studied. The developed composite system exhibited a typical
positive temperature coefficient resistance (PTCR) characteristic, where the electrical
resistance sharply increased at a specific temperature. The PTCR effect was sometimes
followed by a negative temperature coefficient resistance (NTCR) feature with temperature,
which seemingly caused by the coagulation of nano—sized carbon black particles in the
excessive quantity. The PTCR temperature was controlled by the carbon black content and
the external voltage. The change of electric conductivity was shown as a function of carbon
black content, and the resistance was constant when the carbon black content was over 20
wt%. The room—temperature resistance was maintained by a repeated heating and cooling.
The excellent PTCR characteristic was demonstrated by the low resistance in the initial
stage and the instantaneous heating capability.

Keywords positive temperature coefficient resistance (PTCR), conducting polymer, thermoplastic
polymer, nano-sized carbon black, electrical resistance.
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Table 1. Summary of Carbon Black Used in This
Study

mean particle surface area

DPBA No.

grade size (nm) (m?gm) company
[D3849] (ccf100g) [D4820]
0,

ABLO0 42 199 75 CP Chem.

compressed
RAVEN450 75 65 35 Columb|an
Chemicals.
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Figure 1. Crystalline melting of ELVAX3190 co—
polymer affected by annealing temperature.
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Figure 2. Optical micrographs of ELVAX3190-—
AB100 exhibiting (a) poor dispersion and (b)
excellent dispersion of carbon black particles.
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Figure 3. SEM micrographs comparing (a) AB100
(20 wt%) and (b) RAVEN450 (20 wt%) composite
systems.
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Figure 4. PTCR characteristics of RAVEN450 (20
wt%) composite system for (a) poor dispersion
and (b) good dispersion of carbon particles.
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Figure 6. PTCR characteristics of RAVEN450 (20
wt%) at different voltages.
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Figure 5. PTCR characteristics of ELVAX3190/ Time (min)

AB100 (30 wi%) composite system exhibiting Figure 7. PTCR characteristics of RAVEN450 (20
PTC—NTC transition. wt%) at low temperature.
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Figure 8. Surface resistance of AB100 composite
system as a function of carbon content.
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Figure 9. Surface resistance of RAVEN450 (20
wt%) composite systems as a function of tem—
perature.
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