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ABSTRACT

In this paper, the effects of the MWCNTs on the PTC characteristics of the conventional CB/polymer
nanocomposites were investigated. For the uniform dispersion of the MWCNTS in the polymer matrix., nitric-
acid-treated MWCNTSs were dispersed with the dissolved HDPE in the solvent. After evaporating solvent, the
dried master batches in the oven were melt blended mixed with CB and HDPE to obtain the PTC materials.
The initial resistivity of PTC materials decreased and the PTC intensity increased with the MWCNTs. During
three repeated heating and cooling cycles, the PTC materials containing MWCNTs showed a great
reproducibility due to the conductive network structures of CB particles and MWCNTs.
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Fig.1 The Raman spectra of CB, MWCNTs, and
hybrid nanocomposites.
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Fig.1 The resistivity of nanocomposites at various
CB and MWCNTs contents.

B

2 dTddAMe 7REEde dFS 47 15, 20,
25, 223 30wmt%e] HlEE i, YeFH| &
F2 77} 05 o 1wt% 4 W] PTC 29| A&
S EA3P oW, Fig2 oA A2dA A3
hybrid 23t g 2] #3 ZHS ®ltk, MWCNTs 7}
H7t=Eo] QA ¥ 7€ CB/HDPE ©f H]3) &
ZFol efHE 7S o 7] AF gol A
olrth. UwkA o Z pTC A Ahol A
B 27 AF ol ¥e RS a7y, B Ay
ol 4 ®<gl upe} o] CB 7} 15 9 20wt%Sl AH$-
B ARdA 5 AFE wol7] mie AA A
Foll AHgE o oA FEEo] "olHA & Ao
th webA FHEEEe] i) 25 9 30wt
%ol PTC &2&=24 2o} H3dd Aoz AR
=

bt

32 EgA59 PTC 54
Fig.3 & CB 7} 25wit% Ef-5 WA MWCNTs &
FastA %S w@e 247 0.5wi%(b) 12]a

73

s¥ifo) THE o, 3 2 AT WE Rl
¢l 54€ PTC 54 F4E& 2o ¥l
A (a)= CBHDPE Az HHAoR F2ore
AR 103 ol 3 A NE F= 14 BES
Bldh o o Hm HAFIe Aeld PTC

intensity ©= 4-5 B $lel Ak ¥HAC] b)2F (o)
E=5E7F 242 05 oF Iwt% 718 hybrid 53
529 PIC AsE Yed A2 £ o 4294
o] A& (a)ell Hls] A3 WA dERET o=
e FA e "7l MEAdo] HoluHA
aspect ratio 7} 2 YleFH 7} FHEESH I YEY A
T2 o|FHA A7|H ZFF F4 8] W&
Ao2 AAXY. YxefFE7t 05wmt% H7HE %
PTC intensity 7} 7 A %= =7 "]’%i\’} =3
Aot =3 hybrld E3Ame AS o8 ¥He
7HE, ¥z Fol= g2elA 74«] H] =3k
Hola gQlth Wt ANAPE FHSE
Aok wkde] YlFBIF wt% H7HE
d 3ol HFe AR A=A Edo EAFES
"‘1 FA 9 &§LE R ME o3 HESA
7} ZolX| A a1 AZAE o] & FHE EA
o] WA Ho] Hie] A3 gho] wolA
x—i o7 Y& PTC intensity & H.Qlth X3 5F
Z719] A& g A9 H
0] 7] Hﬂfoﬂ 0.5wt% ©] MWCNTs
4% PTC 54& Yerdc & 5 Atk
°] 25 ¢} 30wt% o W Uix=FBHe Hr}
of w2 PTC intensity 2] Z17]5 fig. 4 o YERHS]
A & g e ubek Zo] HMEA iller
o] ol dA ¢ oldelXE 238 PTC
intensity 7} oAl = AL & £ U3, YFHY
ol 0.5wi% <1 25wt%e] CB 7} & AlH
A 7+ PTC intensity & YERN LT}

10 = 1t T T T T T T
e 1

——3rd

=

—0

.L.v

A
&

T m}t:
Hﬂ 1o, 2 o ¢ ~fy Ho

N
- —|
m

oN ) mo

O, o of Ok
-10 Re” Flf \'N

& e

A<

[ |

Az
3_}'_\_

Resistivity(Ohm.crm)
2 &
T T
L L

=
X

102 | 1

| 1 s !

100 120 140 160
Temperature

100 1
40

80 180

(a) Conventional CB/HDPE composites.
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(b) Hybrid nanocomposites with 0.5wt% of MWCNTs.
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(c) Hybrid nanocomposites with 1wt% of MWCNTs

Fig. 3 Temperature dependence of electrical
resistivity of the nanocomposites for CB of 25wt% by
three heating cycles.
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Fig. 4 PTC intensities of the hybrid nanocomposites
with various MWCNTs and CB contents.
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