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Electrical Properties of Carbon Black-Graftpolymers
Crosslinked with Epoxy Resin
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Tsuneji SANO, Keiichi Takapa and Kumakazu OHKITA
(Faculty of Engineering, Niigata University, Nagaoka)

Resistors having different degrees of crosslinking were made by curing carbon black-graft
polymers (grafted with n-butyl acrylate and acrylic acid) with an epoxy resin on porcelain plates,
in order to obtain some information concerned with the effect of crosslinking on the large positive
temperature coeflicient of electrical resistivity.

For the resistors prepared with the ratio 1/1 of carboxyl group/epoxy group, the gel fraction
increased with increasing curing temperature or curing time, and therefore, the crosslinks incre-
ased. The volume resistivity decreased with increasing crosslinking and was in the range of 1-8
Qcm. The resistance temperature curves showed a distinct positive anomaly at about 80-100°C
attributable to volume expansion of polymer. The variation of resistance at 140°C decreased with
increasing crosslinking except for the samples which showed bad thermal stability against heating
cycle between 40-140°C.

On the other hand, all the resistors made of polymer compositions having different ratios of
carboxyl group/epoxy group and cured at 160°C for 2hr exhibited good thermal stability against
heating cycle between 40-140°C, though their degrees of crosslinking were different. The least
crosslinked resistor showed no anomaly of resistivity. It is considered that rearrangement of the
carbon black network may occur toward lowering the resistance by static electric force in less cro-
sslinked resistors. (Received Mar. b, 1979)
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Table I.  Composition of CG resistors crosslinked with epoxy resin.
Composition of CG used carbon black monomers Crosslinking agent
Sample designation A ; .
B! AL Mole ratio of Epoxy resin Ratio of epoxy
e < z BA/AA B group/carboxyl group
My 3.00 2.13 0.24 5/1 0.63 1/1
M, 3.00 1.76 0.20 5/1 1.04 2/1
M; 3.00 1.30 0.15 5/1 1.55 4/1
My 3.00 1.16 0.13 5/1 1.76 5/1
M 3.00 2.53 0.28 5/1 0.19 1/4
Ms 3.00 2.63 0.29 5/1 0.08 1/10
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Table II.. Effect of the curing conditions on the electrical properties of CG resistors a.

Curing temp. (°C) Curing time (hr) Volume re(s[i)s.té;g;:y at 400C Gel fractionbd (%) ARy (9) AR 4 (%)
120 2 8.6 49 20.0 —16.8
140 2 3.4 76 38.1 —10.1
160 2 2.0 92 31.5 — 3.4
180 2 1.8 98 20.2 — 3.4
160 0.5 8.1 51 22.0 —15.0
160 4 1.2 94 19.2 - 4.3
160 6 1.2 94 18.0 — 3.6
160 8 1.1 95 16.2 — 3.6
a: Resistors are mede from M. ‘
b: Samples are extracted witn acetone for 15hr.
C 1 ARyp=(Ryyy—Ryp) X100/ Ryy : Ryyy and Ry are the resistance at 140°C and 40°C, respectively.
d: ARy =(Ry ~Ryy) X100/ Ry : Ry’ is the resistance at 40°C after first heating cycle.
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Table III. Effect of the composition on the electrical properties of CG resistors.
CG used T (AT BT | Gel fraction (%) | VOlme TeSISUVily at40C | R (%) | Ry (%)
M, 1/1 92 2.0 31.5 —3.4
M, 2/1 85 2.3 29.0 -1.4
My 4/1 71 3.8 15.5 —2.1
M, 5/1 60 4.0 11.0 —2.2
Ms 1/4 65 3.9 23.9 —4.3
Me 1/10 60 4.1 1.4 —2.5

a: Cured at 160°C for 2hr.
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Fig. 4. Resistance change-temperature curves of CG
resistors crosslinked with epoxy resin.
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