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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 ¢f nano—sized carbon black particles in the
excessive quantity. The PTCR temperature wgs 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 demohstrated 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, electyical resistance.
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Table 1. Summary of Carbon Black Used in This
Study

megn particle DPBA No. surfane area
grade size (nm) (ce/100g) (m“/gm)  company
[D3849] ¥ p4g20)
ABIO0% 42 199 75 CP Chem.
compressed
RAVEN450 75 65 35 Columbian
Chemicals.

Z20H A26W A35 20023 59

TEAZAM EVA3190 (Dupont,

249 AF A BY A7

YA EX £ 60 C 2
BelA] 1243 %HH% A
FHEEH JAEo] nRALY T FEE ot
B7} st YEAte] OM (optical microscopy)<
AFgslel BASIE T, REEAE AgEs slelA
ARE ddstel 1 dddS 3EX ALY SEM
(5-2140) & AH&-3le #2389k PTCR £39
A71AR B4E oty fste] Ha9)rte) IPS-
30B10 DC AYFg719k 2349 45 Dual Dis—
play HEIVHE AbEdto] 27] Q7 A8 2 A
3E SHsGoH, dYALY & REEN Y, B
AFE) CAT M265 AREste] 258 A5 A
He] FAZF 10 um oldjelw 4z A|Hej disted
AL (=10 O ALolA A/, AL 4 2% ¥g
E 338909, A2edA 150 T7HA] 228 7t
"liit% W Agte] WHEE ot Bkl 3|Ee] B4
& T IA e BEF ) 23o] HES
9\1\]:]_.27
Zant o nH
Poly (ethylene vinyl acetate) (EVA)S| 2R} 7, M.
PTCR &Ale] ZEA2AM £244d 18 EVA
E €AY FeoEHA dsks 7,2 A 4
7+d (pre—heating) & S3X Ad=® 23 7,2 A
&3tel PTCR £AIZ AHgshe niate] Fel2xs
e YRe ex 219 93t} 23 T,
o] glola & sitke o] gloy, FIULEE A
dstAl zEFoEA dit= T M 4 ok
Figure 12 ELVAX3190& Hui7tgdg&ozs 23}
Tw0l BAEE A& DSC AINZRE HojZRTL
45 TN s A& 61.77 CTolA, 55 Tl A
W3 22 6341 TN, 65 TollA st Re
7243904 A &0l doJue A& B 5 Ytk
o]AL 65 TelldE Aol osle] Eae) ELV-
AX31909 7., (75.04 T)9 993 Qs e

Bkl

=g 2ACo| G2 PTCR 54, 23749 7
& FAE mRA Aolo] FAsHA Rasiol A

5% 4 QA 1¥A AYRT 2L v 279
54 9%% so} PTCR 42o] vtk ELVAX

369



AAA -9 - M

-0.10

—=0.15-
-0.20

------ Annealed at 45 C
—-—Annealed at 45 T
——Annealed at 45 T
—» Curie Temperature

—0.25{
—0.301
—0.351
—0.40

Heat flow (w/g)

~0.45 RV

sl AT

20 30 40 50 60 70 80 90 100
Temperature (TC)

Figure 1. Crystalline melting of ELVAX3190 co—
polymer affected by annealing temperature.
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Figure 2. Optical micrographs of ELVAX3190 -
ABI00 exhibiting (a) poor dispersion and (b)
excellent dispersion of carbon black particles.
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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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