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Abstract : Semiconducting layers are thin rubber film between electrical cable wire and insulating polymer
layers having a volume resistivity of ~10% Qcm. Commercial semiconducting layers are composed of
polymer composites reinforced with more than 30 wt% of carbon blacks. A new semiconducting material
was suggested in this study based on the carbon nanotube (CNT) ~reinforced polymer nanocomposites.
CNT—reinforced polymer nanocomposites were prepared by solution mixing and precipitation with various
polymer type and dual filler system. The mechanical, thermal and electrical properties were investigated as
a function of polymer type and dual filler system based on CNT and carbon black. The volume resistivity of
composites was strongly related with the crystallinity of polymer matrix. With the decreased crystallinity, the
volume resistivity decreased linearly until a critical point, and it remained constant with further decreasing
the crystallinity. Dual filler system also affected the volume resistivity. The CNT-reinforced nanocom—
posite showed the lowest volume resistivity. When a small amount of carbon black{CB) was replaced the
CNT, the crystallinity increased considerably leading to a higher volume resistivity.

Keywords : carbon nanotubes, nanocomposites, solution mixing, crystallinity, dual filler system.
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a2, B AR ARE niAF fE A2 = ethylene pro—
pylene diene monomer (EPDM, ZA14H1), poly (ethylene—
co—ethyl acrylate) (EEA, Dupont—Mitsui Polychemicals Co.
Ltd), poly (ethylene— co—vinyl acetate) (EVA, AthA-#313}),
poly (ethylene— co—butyl acrylate) (EBA, ARKEMA Co. Ltd.),
low density polyethylene (LDPE, LG +3}8}), linear low
density polyethylene (LLDPE, #ri4)4-318D), high density poly—
ethylene (IDPE, 33 41#318h & AdsiGict. A4S Folap]
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Table 1. Compound Formulation

Compound Polymer (wt%)  CNT (wt%) CB(wt%)
EPDM
EEA
EVA
EBA 90 10 -
LDPE
LLDPE
HDPE
CNT100-CBO 10 -
CNT80—-CB20 90 8 2
CNT50—-CB50 (EEA) 5 5
CNT20-CB80 2 3
CNTO-CB100 - 10
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Figure 1. Schematic of solution mixing procedure.
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Figure 2. Stress—strain curves for polymer nanocomposites:
(a) polymer type and (b) dual filler system.
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Figure 3. Thermogravimetric curves of polymer nanocom-—
posites: (a) polymer type and (b) dual filler system.
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Table 2. Degradation Temperature and Residual for Various
Polymer Types

Degradation temperature ()

T T Residual (wt%)
EPDM 437.0 477.1 10.2
EEA 425.2 486.0 10.9
EVA 3634 478.6 7.7
EBA 413.3 466.9 10.3
LDPE 447.1 493.4 9.6
LLDPE 438.3 4949 9.3
HDPE 447.0 487.6 9.1

Table 3. Degradation Temperature and Residual for Dual
Filler System

Degradation Temperature('C)  Residual
T Tnax (wt%)
CNT100—-CBO 425.2 486.0 10.9
CNT80—-CB20 422.7 478.6 8.6
CNT50-CB50 422.3 477.1 9.7
CNT20—-CB80 413.3 471.3 8.1
CNTO-CB100 4174 475.6 10.6
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Figure 4. DSC thermograms of polymer nanocomposites: (a)
polymer type and (b) dual filler system.

Table 4. Enthalpy(4H,,, AH,) and Temperature(T,, T.) for
Crystal Melting and Crystallization for Various Polymer Types

Polymer Tn AH, 7% AH.  Enthalpy
matrix (T J/o (0 J/g) ratio”
EPDM 108.7 3.9 102.3 2.3 1

EEA 90.3 35.9 67.5 23.8 10
EVA 92.0 34.1 70.5 28.6 12

EBA 92.2 23.1 71.5 28.1 11.8
LDPE 108.7 55.5 87.7 52.8 22.9
LLDPE 121.0 57.2 99.4 64.9 28.2
HDPE 129.2 100.6 103.1 117.5 49.4

Ratio of an enthalpy of crystallization of specific composite to that of
EPDM.

Table 5. Enthalpy(4H,, AH,) and Temperature(T,, T.) for
Crystal Melting and Crystallization for Dual Filler System

Dual filler T AHp, 7 AF.  Enthalpy
system (C) J/g) (C) (J/g)  ratio”
CNT100—-CBO 90.3 35.9 67.5 23.8 1

CNT80-CB20 92.3 39.9 69.2 35.2 1.48
CNT50-CB50 921 40.6 69.0 36.1 1.52
CNTZ20-CB80 92.3 39.9 70.3 36.3 1.53
CNTO-CB100 928 39.1 71.1 35.0 1.47

“Ratio of an enthalpy of crystallization of specific composite to that of
CNT100—CBO.
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Figure 5. Volume resistivity of various polymer nanocom-—
posites.
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polymer nanocomposites.
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