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ABSTRACT : The positive temperature coefficient (PTC) effects of high density polyethylene (HDPE)/carbon
black composite materials were investigated by enhancing adhesive characteristics of electrodes and controlling
HDPE chemical crosslinking. When the silver paste was used as an electrode for the same 45 wt% HDPE/carbon
composites, the resistance was over 1 Q, which should be compared with the resistance of 0.2 Q for the dendritic
copper electrode. In general, the silver-paste electrode exhibited higher electrical resistance than cupper electrode
due to the interfacial resistance between the electrode and PTC composites. The HDPE/carbon composite
exhibited typical PTC characteristics maintaining a constant resistance up to vicat point and showing a maximum
at the melting point of HDPE. The crosslinked HDPE significantly decreased the negative temperature co-
efficient (NTC) phenomena, and desirably showed a constant or slightly increasing feature of electrical resistance
in the high temperature region.

Keywords : positive temperature coefficient (PTC), negative temperature coefficient (NTC), interfacial
adhesion, crosslinking, dendrite.
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Scheme 1. Chemical bonding of MAH and Cr at copper electrode
surface.
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Figure 1. Comparison of temperature and resistance polts for
HDPE/nano-sized carbon black composite system uncross-
linked and crosslinked by DCP in the crosslinking agent.
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Figure 2. SEM micrograph of freeze fracture, (a) HDPE/

carbon black composite and (b) HDPE/MA/DCP/carbon black
composite.
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Figure 3. SEM micrograph of structure of the three-dimen-
sional fusion of carbon balck particle to form aggregates.
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Figure 4. The resistance versus the nano-sized carbon black
contents of HDPE in the differents electrode.
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Figure 5. Comparision of temperature-resistance behavior with heating and cooling in the differents electrode.
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Figure 6. Interfacial adhesive of elctrode and PTC materialr : (a) silver paste ; (b) dendrited copper electrode ; (c) interfacial adhe-
sive of dendrite copper electrode and HDPE/carbon black compositer ; (d) Interfacial adhesive of MAH-g-HDPE and dendrited

copper electrode.
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Scheme 3. Chemical reaction sheme of MAH/HDPE and amine
groups.
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Figure 7. Current and resistance change of polymer/nano-sized carbon black composite system with various voltages, where
voltages are (a) 3 volt, (b) 6 volt, (c) 9 volt, and (d) 12 volt, respectively. Plots exhibit current and resistance as a function of time in

repeated voltage application.
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