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ABSTRACT DC and AC electrical conductivity and electromagnetic interference shielding effectiveness
of milled carbon fiber/nylon composites were investigated with the kind of nylon matrix. Percolation
transition at which the conductivity is sharply increased was observed at about 7 vol% of milled carbon
fiber. Nylon 46 as a matrix was more effective to obtain high electrical conductivity than nylon 6, and the
difference in conductivity was occurred by the treatment of coupling agent. Frequency dependence of AC
conductivity could be explained by relaxation phenomenon at just below percolation and resonance
phenomenon at 40 vol% of carbon fiber, respectively. Negative temperature coefficient phenomenon was
found in all composites. Electromagnetic interference shielding effectiveness was increased with the
concentration of carbon fiber. At a high conductivity region the return loss was more dominant to the total
shielding effectiveness than the absorption loss.

Keywords milled carbon fiber/nylon composites, electrical conductivity, percolation, electromagnetic
interference shielding effectiveness, return loss.
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Table 1. Description of Raw Materials

material structure volume resistivity
U_cm)
Nylon 6 " o
H{A]—(CHZ)S—(IE);OH 1x 10*
Nylon 46 ! i 2 5x 10
H{N—(CHQM—N—C—(CHZ)‘;—C};)H
C{fj‘llt?g‘n 2E\M/Hz“\m/HZC\CF/HCZ\CH/ 2% 10°
0 T 0 S
coupling _
@G’lt NH,(CH5)3Si(OCH3)3
80 24
46 6 310, 250 internal
mixer (bench kneader, Shokai Ltd., Japan) 60
rpm 10 .
(Carver Inc., USA)
46 320 , 6
260 2.2 MPa
30 .

. 3466A Digital Multimeter (Hewlett-
Packard, USA) 6512 Programmable Elec
trometer (Keithly, USA) .

(< 1089 am)
40 mm, 0.5 mm ,
(= 10% Yem)  60x 60x 1 mm 4
silver paste

(Broadband Di€electric Analyzer, Novocontrol GmbH,
Germany)

133.0 mm
ASTM D4935-89 (Agilent
8722ES network analyzer, Agilent, USA) 2-port flanged

coaxia holder (EM-2107, Electro-Metrics, USA)
50MHz 15GHz .
Sintech 45/G

10x 10x 24 mm
(MTS system Co., USA) 1 mm/min
5
SEM (S-2700, Hitachi, Japan) 1000
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Figure 1. DC conductivity of nylon 6 and nylon 46 composites )
with the content of carbon fiber.
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Jo12 Figure 2. SEM micrographs of fractured surface of (a) nylon 46
and (b) nylon 6 compositesfilled with 40 vol % of carbon fiber(x
1000).
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Figure 3. Stressgtrain behaviors of nylons and nylon composites
containing carbon fiber of 40 vol%.
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Figure 4. AC conductivity and complex permittivity as afunction
of frequency for nylon 6/carbon fiber composites. The solid lines
of 7 and 40 vol% of carbon fiber in ac conductivity were caculated
by egs. (4b) and (6), respectively.
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Figure 5. Equivalent circuit modd for filler-matrix composites;
(a) relaxation and (b) resonance mode!.
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Figure 6. Conductivity as a function of temperature for nylon

46/carbon fiber composites.
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Table 2. s,and W of Carbon Fiber(CF)/Nylon 46
Composites

CF content
(v0%) S, (Slem) W (eV)
10 0.00286 0.0532
15 0.03534 0.0652
20 0.74682 0.0923
0 14.89 0.1434
40 16.16 0.1204
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Figure 7. AC Conductivity with temperature for (a) 5 vol% of
carbon fiber filled nylon 6 and (b) 40 vol% of carbon fiber
filled nylon 46 composites.
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Figure 8. Shielding effectiveness as a function of frequency
for; (& nylon 6 composites and (b) rylon 4,6 composites (2
mm in thickness).
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Figure 10. Relations between shielding effectiveness at 100
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MHz and conductivity of various composites.
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