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2 %: A7) AxAo] $48 712EY (CB)7 1Y% E2d €W (HDPE)g &8 7FEez &
#sld A7)l A=A CB/HDPE B#ARE A=x3sirh. A=¥ CB/HDPE EgARE £ B
A< HDPES ZA442x ZAHAA A7) Aol 43 F7Iske PTC (positive temperature
coefficient) @43} o]F A go] t}A] ZAsh= NTC (negative temperature coefficient) @&
e Bidige A7) dx=xe PTC Z=s 48, 44, 944% $3 2L Azzde)
W] wg ZAAsw, APz Fo| wsld gl 34 93e de Aoz Yy =%
switching A2 A& o7l 5l NTC d4& AA7] A8 BgAaE 43 7tudz 3
on, PTC @49 AEY= $3A 17

ABSTRACT: The electrically conductive CB/HDPE composites were prepared by melt com-
pounding method. These CB/HDPE composites present positive temperature coefficient
(PTC) phenomenon in which the resistivity was sharply increased near the crystalline melt-
ing temperature and negative temperature coefficient (NTC) phenomenon in which the
resistivity was sharply decreased above the crystalline melting temperature. The electrical
conductivity and PTC intensity of composites were affected by preparation conditions such as
heat treatments, stretchings, and thermal shrinkage etc., resulting from the changes of the
degree of crystallinity and crystal orientation of composite films. It was also found that the
crosslinking reaction of silane treated composite induced the disappearance of the NTC phe-
nomenon and the improved reproducibility of PTC phenomenon.

Keywords: carbon black, composite, positive temperature coefficient, negative temperature coef-
ficient.
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et olgF oz AHF o= Bale] o] Hojst

Felol A224 A4F 19983 74

TE 243 wel 1] 24 84§ 99 =A
A A7l A&l FA3F] Frtske PTC (positive
temperature coefficient) ¥4 Uehl 1, ojo] A
glo] ThA] ZAa3E NTC (negative temperature
coefficient) B4& vehlx= Aoz g3l Yo}
a8ez, Fl2EY-aix ERA Y A4 F8

625



O|A & - oAF - BB - AAE - AFE

@ FAl= ol9} e HsH Ao PTCe} NTCE
oJgA APt Aotz ¥ = A

PTC A4& 2% &% 994 a&xe] 993
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4 #

Mg AR iR 2ilzes J4EEss
(Samsung General Chemical Co.)2] HDPE (MI=
0.04 g/min, d=0.95g/cc)E AMElP o, AxA
%A 2= Vulcan XC-72 (Cabot Co.) & AHg-&HY
. A@d Jlng 93l  vinyltrimethoxysilane
(ShinEtsu Co.), DCP ¥ dibutyltin dilaurate& A}
4315t} Table 1o] A Y] AH3-E FHEEH] o3
7 A EE dA3

AlRe| Fd|.

HDPE-7HEEE Htixle EE2| Alx: 728
g 7.5-30phrs7tA] g gPoz T
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Table 1. Various Physical Properties of Vulcan
XC-72

properties vulcan XC-72

surface area (m%/g) 254
particle size (nm) 30
volatile contents (%) 15
tinting strength 87

pH 6.0-8.0

apparent specific gravity (g/L) 2723
pore volume (DBP) (cc/100g) 178

%, 2-roll milling mixerd|A] HDPE®] ZAR-§&
EE AR &= 150 YA 2087t compounding §F
¥, 170 CollA 2087 4F Y3 5L AX
s

x| ZH: SHAEE FdZd 2N FEE A
2% A&, 4 F9, MY, €423t ¥
5 C ice waterdlA] A3}A L, MFL F7] FlA
AAE YA ZHen, X3 drying ovendlA
120 €9 &g 2/ %<t 43

W AW TE X2l AR AAAEE WA
7171 HA 44 2 E5F% A= E Ay,
AdAle 120 'ColM  Tensilon UTM-4-100
(Toyobaldwin Co.)2.2 1, 3, 5ul= 3z, &
Hel= 120 T9 drying ovendlA] 2A17HEt Al
st ot

AEh ot EEe M= W Jlns &%.

A2 7Im WEBe HE: E3A RS #Yd JInE
A3, ZtaA ¢} 7tnEaE 242 g7-3k= HDPE
EPEL AXs)I o]5& compounding$t F Vlm
A7le 294 HHe AHEEdch w4 HDPES}
vinyltrimethoxysilane, 2ttizt 244l DCP& 2-
roll milling mixerolA 160 ‘C¢ &£E= 2087t &
&5 4@ aetze" HDPEE Azsyx
(Grafted batch), %% HDPE&} 7}luZojiql
dibutylin dilaurate& 2-roll mixero|A 160 €<
252 2087 S§EWUSY taEE #Rd=
HDPEE Azt (Master batch). o|¥A A=
¥ Grafted batch 95 phrs®} Master batch 5
phrs& £33 % 2-roll milling mixerdA] 160 C
9] &x2 2087 §-gEYL, FYZHAE ALE
3l 190 Y =2 2087 U3 4¥sle sjud
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PTC intensity = — (1)
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Figure 1. Resistivity as a function of carbon black
content.
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Figure 2. PTC intensity as a function of carbon black

content.
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Figure 8. Resistivity as a function of draw ratio.
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Figure 4. Surface resistivity as a function of carbon
black contents; (a) TD and (b) MD.
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Figure 5. Resistivity as a function of draw ratio after
drawing and heat contraction.
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Figure 6. PTC intensity as a function of draw ratio
after drawing and heat contraction.
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Figure 7. Resistivity versus carbon black contents
containing different thermal history.
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Figure 8. PTC intensity versus carbon black contents
containing different thermal history.
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Figure 9. Resistivity-temperature  curves  during
heating and cooling for 15 phrs filled HDPE.
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Figure 10. Resistivity-temperature curves during
heating and cooling for 30 phrs filled HDPE.
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Scheme 1. Schematic diagram of reaction of silane
crosslinking.
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Figure 11. Reproducibility of resistivity-temperature
curves for silane-crosslinked HDPE filled with 15 phrs
of carbon black.
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