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Abstract . The PTC phenomena of PE/Carbon Black Composites were studied in the range of room
temperature up to 180C. The sudden increase in the electric resistivity at the vicinity of PE melting
temperature insured the PTC Phenomena, and the latter varied according to the types and contents
of carbon black and the types of PE. In general, the PTC can be observed through the structural cha-
nge of matrix and the difference of thermal expansion coefficient of polymer and carbon black. Since
the heat of fusion and crystallinity are proportionally related, the decrease of crystallinity was derived
through the heat of fusion measurememts by DSC. Thermal aging at 140C was attemped to see the
structural stability at the temperature of PTC apperance, and it was found that the PTC disappeared
as the aging time got longer. To enhance reproducibility at the vicinity of melting temperature, two
different kinds of carbon black were mixed together and no serious change in PTC for the HDPE/

Denka/Vulcan was observed, providing better reproducibility.
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Table 1. Typical Properties of Carbon Black Used.
(By Denka Kagaku Kogyo. K. K. CO.)

Carbon Black Type

Properties Denka Black Ketjen BlackVulcan Black

Surface Area 80 1000 240
by N,

Particle Size 350 370 270
(A)

DBP Absorption 250 350 180
(ml/100g)

Ash 0.06 0.5 0.2
(%)

Moisture 0.15 0.7 1.0
(%)

Table 2. The Properties of LDPE and HDPE (by
Hanyang Chemical Co.)

Melt index Density Tensile Yield

(g/10 min) (g/cc) (kg/cm?)
LDPE 5.0 0.919 87
HDPE 0.8 0.945 240
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Fig. 1. Schematic Diagram for a PTC Measuring Sys-
tem ; a. counterelectrode b : sample ¢ : measuring
electrode d . guardring e : oven f: voltmeter g: dc
power supplier h : ammeter i . thermocouple.
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Fig. 2. PTC curve of HDPE/carbon black 30 wt%.
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Fig. 3. Resistivity-carbon black loading curve for car-
bon black in polyethylene.
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Fig. 4. PTC curves of HDPE and LDPE/carbon black.
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Fig. 7. Effect of continuous thermal aging on the PTC
curve of HDPE/carbon black.
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Fig. 8. Effect of continuous thermal aging of HDPE/
carbon black on the resistivity ratio.
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Table 3. Effect of Coefficient of Thermal Expansion of
PTC Size
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Pol
oymer expansion (in/0C X10°) Ratio
HDPE 104 1.97
LDPE 10.6 0.87
3k
g
2 3
51
1 unaged
2 Aged at 140C for 250 hours
) 3 Age? at 140:’C for 4q0 huursI

1
20 40 60 80 100 120 140
Temperature(C)

Fig. 9. Effect of continuous thermal aging on the DSC
curves.
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Fig. 11. PTC curves of HDPE/carbon black for diffe-
rent type of carbon blacks.
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