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ABSTRACT : Frequency dependency of electrical property stabilization during vulcanization of modified
NR/IR composite materials was studied using in-situ electrical property measuring technique. Volume
resistivity(p) before and after vulcanization reaction of the sample was measured as the function of frequency
in the range of 1Hz to 10kHz at reaction temperatures of 130, 140, 150, and 160°C, respectively. A double
stabilization mode of frequency dependency was observed, in which a slow stabilization process of p to
a value of ca. 1.0x10” Q-cm occurred after a drastic initial decrease from ca. 9.0x10” @-cm. In addition,
notable temperature dependencies of p values were also observed before and after vulcanization reaction,
that is, p values at 130 and 140°C after vulcanization were observed as about 1/3 of those values before
vulcanization. All the observed facts were considered as the results from the interaction between the electrode
and the bulk sample materials, i.e., electronic charge-discharge, and from the structure change of samples
including CB rearrangement by the vulcanization.
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Figure 1. Schematic diagram of measuring electrode.
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Figure 2. Frequency dependency of volume resistivity
before and after vulcanization reaction at several reaction
temperatures.
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Table 2. Curve fitting data using a double exponential function for the curves of before and after vulcanization

at temperature of 130 and 160°C, respectively.
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Figure 4. Arrhenius plot of initial volume resistivity
before and after vulcanization reaction.

tionjo] v 7#]7] WEY Ro2 47 ,
ol o3 aF BapFxe] oFd AFA 3 W]
(o]
e

U agpolAgt F4o] Ae

jul

2 Hogy e

o] Al T3 2&rt ASsid AFeR ARt

2l o) BAES] Tl BEs Ay QL
Aoz AztEck?

o, Whe-g HFES pEe] 2=oEAS YolR

7] $J8ke] Figure 2258 Zjzbe] wWh3-2Lol A it

So] AFH7] Aw Whgo] By Fo x7] pt
ko] #H3E ol ZF(Arhenius plo) 0 2
e Figure 40 Kol uhel Zth o] IHo
ZRE & F dv AL e AFE|
o] pghe] 718uke- old Rt} © 2o o)
A wgksithe Zlojth o] siEkge] ¢
AE Yo CB Aol HeAd olxEo] A4

b
s}
rE ot

ok %

Elastomer Vol. 39, No. 3, 2004



184

122e)) o3le] 73RS o] %] AU Hx Ao
Tzl AuEez QzEHA BRggte A
Jeldch. =, oA Dgiute}l o] 718 wkgo]
ARFd wet uF Exle] Y| EY(network)o] A
A53 =3 CBYAES] 93 3/3(chain forma-
tion)o]} El@® ZEFHtunnelling effect)Z 13} A
9] Ar|AxAde] FET. 0|9 BB AF H
7Y NREDA, AsPEAA, 2 HERA 59
ol23l A4 Tl QM= 7] A=A
37} QFEEY oE oleslE AEA EcE
E 25 sl tiste] AdFor $FA0] A
7] wWEo] ukgo] A" :FY Hr)H Aol
2= Wzl iz o TEA ¥l dde=w
.xapal=s

e rle

N.d £

F 26 wt%2] CB7} €3 NR/IRA 17534
H2o| Wb wE AH i Wake 7zt
Zte] Whg-2 s} QINFNSE deElstd S
2R tg 22 B2 7 AME @ob E F 3L
Ak

D) AZY AFALFAZLE AR o] vhee
TolA HES AR "] x7]dlE oF 9.0x107 Q-cm
o] E& A e HolAu Ajzto] A wt
Az AR AA stankgo] AlREE oA
Z7¥ste] 928 vepd Fol oAl AA3] 7R3t
o HEHOZE & 1.0x10" Q-cmBZ7FA| 745l
Ael AAsNAE AFE BAT

2) 718 g AFste AHL{AT H®e F
o] wWE HEE Ao Azl whEemdA
#AsH) pghe] Wsle ST sl o
g z7lde 243 A 2AHEES 4
A Fold wet A3 sk olF AAs)
HEe Holn ZAFE ZE ¢ F AR ol
ol A5 Feje 4o ot HAZFS v
S A fittingd 4 AT o] A F
AFuigolxiel FAS o] WHshE IFHY
A7t e HAF-HE AWeA dojvh= A3}
o] Z2.utd7 BAEE ASE olEglen 1F

=

o %

AztxEw #3994 A 35, 2004

o,
iy

Sl AEe) B AFAZY e 5
7] WEe] Fu4 JE4el 4uHoz A4 e
Aoz 42T

3 e AT pgke] LEOIEAEL Yo
23, s Auth REe oFe] Bo o
exd Uzl Waths A % 4 YA ol
Agkgol olg A TS hre) CB
ANG 9 AEA olesel YzEel o
A ApAF 2ASY B4 A1UE @

Aoz AAE AT,

o fr

dAae =

B A7e gspler dudstAaw A AW
qgn AFRNASAEE ZieNddEe A
o3 o] FoFFUth T FA=HYT

o

T f_.-{_

Ho

1. B. Homn, “Rubber Technology and Manufacture”,
The Plastics and Rubber Institute, New York, 1982.

2. M. Morton, “Rubber Technology”, 3rd Ed., Ch. 3,
Van Nostrand Reinhold, New York, 1987.

3. HEE B % “HECE L OERAE o3 et
TR insitu JET S0 69, 708
(1996).

4. B B & “DSbERES EiE BRI
ESFRYE 54, 359 (1997).

5. fEE B & “JEHDRMGNKETS R £ F
BiLE BRAE" &0 FalE 71, 281 (1998).

6. M, 7%, A%, =59, olsd, “AH
549 insitu S0l <3 /HdE NR EJI=9
7V whgel #/I QF, dakiEwn, 38, 235
(2003).

7. H. Tang, J. Pio, X. Chen, Y. Luo, and S. Li, “The
positive temperature coefficient phenomenon of vinyl
polymer/CB  composites”, J. Appl. Polym. Sci., 48,
1795 (1993).

8. G. Bahder, IEEE Summer power meeting & EHV
Conference (1970).

9. L. Benguigui, J. Yacubowich, and M. Narkis, “On



12.

AAE NR/IR BA=e] 718 w4 vehe

the percolative behavior of carbon black cross-linked
polyethylene systems”, J. Polym. Sci, Polym. Phys.
Ed., 25, 127 (1987).

. A, R Kemp and D. B. Hermann, Rubber Tech.

Conf. (1938).

. M. H. Polley and B. B. S. T. Boonstra, “Carbon

Blacks for Highly Conductive Rubber”,
Chem. Tech., 30, 170 (1957).
D. Rivlin, “Surface Properties of Carbon”, Rubber

Rubber

13.

CEEA CRet AV 4A Wy

A714 54 4R Fae gE2Y 185

Chem. Tech., 40, 307 (1971).

Cabot Co., “Performance of conductive carbon blacks
in typical plastic system”, Technical Report 2-24
(1973).

L BEA, Tme W18 47 Oy, dgrEe] 2,

300 (1989).
e} B,
25, 20 (1990).

Elastomer Vol. 39, No. 3, 2004



