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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
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n
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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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Figure 2. SEM micrographs of fractured surface of (a) nylon 46
and (b) nylon 6 composites filled with 40 vol% of carbon fiber( X
1000).
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Figure 3. Stress-strain behaviors of nylons and nylon composites
containing carbon fiber of 40 vol%.
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Figure 4. AC conductivity and complex permittivity as a function

of frequency for nylon 6/carbon fiber composites. The solid lines

of 7 and 40 vol% of carbon fiber in ac conductivity were calculated

by egs. (4b) and (6), respectively.

fr7ke] e A Aol 7]l EIE  Ysich

Fokg Wizl o2 BF HEE. Figure 45 B4 A4
FILE 6 HaAY Faliof W Aoy a7 A
== H3E ebh AF dEpdE Yehd Ze]r) Percola-
tion ©]A9] ekh Af oA Fula F7le) w2l ZF

Ax w7} AR o7 Z718by gl om percolation F

1,
o

!

204 AA

ol

Polymer (Korea), Vol. 27, No. 3, 2003

R B 4 9 7 volnol A ARG e SAe
ot B4 F5e olgeld 94 Ao Zrlshn
Ak olEE AT FE FAsL AdHew St
Sh= 78R percolation ¥ percolation 2t} ¢F7k =
& oA Fulgo wE AxRE dHA 9o
o, Ax WEHIE JAstTL = clusterd] 27], &
% EE Sow gyscln g olge 3
s ool wlelleke] SRR A vehek wt
A 2F AES ooy e o] el 4 gl
w, F3lg A s7F 09590 sgdeh w3 &
F olgtll A AAsH fAlEE Arse AR ARE
oot LB

0, () =04 + Ao® ()

A7 4= &0 sl Aol

Percolation <ol A2] EbA AT X} E-alx)] 2 o) A]
g4 A87re] nEAE A 98-S 1A = o), o
e} Fubpol wE IR A=xe] W= Figure S5(a)
9} & RC 3|22 AT = ok o] Fr3]R 9
Al &S Re, Re, GFL 8P H4 9] "2 (complex
impedance), Z'= 2 (2)¢} 23, A7|AQ A5 4 (3)
3} e BANE AR,

e = e)
Z RC + _1—
1 .
—+jo
R
1 1 ]
7 RoX Cuc +J €)
RC
C7 — CZ
Re G 1
(a) (b

Figure 5. Equivalent circuit model for filler-matrix composites;
(a) relaxation and (b) resonance model.

Zo|H, #2749 A3z, 20034



Polymer (Korea), Vol. 27, No. 3, 2003

o714 R, X, Y', B, Co= Z}7Z} resistance, reactance,

admittance, susceptance, Z1-3-%2] capacitanceS- 2| v]ghc}.

A @ 4 @ o183t AR 2F AEx: v
3 Zol AT # Utk
I 1 1
— (-t )+t @G)?
Gy = fc f" (4a)
RC{(ITC + RT,)Z + (@ CP)Z}

A Ao Zoigo] g3t SREEs} wle whE o)
A A5 7T AezA, AA S3ARAAE £
4 £V AA Aloje] AlE A 7]

B
o
1o
ﬁ:'
B
oo
R

e
ﬂxﬂ
' fo,
ol

5 E9] 3Ao] Aldt HlsE ulA
o] £zl Aol LR R Falg A%
< o] 27} ohd WS s FlA Y 5 Qe

&
o)
\1_l

)G

O, = Ry R P (4b)
RC{(RLC+R%)2 + (wcp)s}

St AF7F 7 vol% AH7HE E3tA gl 4] @b)yE A
43 44-F Figure 40 2oz vepfdoh Aggky
2 dAEz glen oo s gk 0.95 4 (2)olM
e 71&7)sh LAl &, For) W W 2%
AEEE URe+R)Z BAS7L B4 Folgee) A o

°l

v Ao oAke 4 )

B 50 sleko| Zylakel Wl zhzbel eha Al
£ oulg el HelA Ui BEAT RAR]
23] 2143 Ak WAH RAAY R + Ry Resh
ZA 5o Falgrol 33 ohmic currentE -] 3kc}.

& A7 2ol ArkEYE Wi ‘%}d: A7k
324 BT SishA] o] RolA mAAF Ul &
& A HEHZE v A9E9) 22 985 A H
o ¥R HAxxE T2 diel vels RLC 3
22 yehd 4 gl o)o] B3| Debyet= 7)AHoNA F-
el o3 == o) WIE Figure 5(b)2} 22 57}3)
2= Anslglon, oluje] o ist Axsr o
I o) & 4 9

=—————+ joC, ®)

Z2]H, A2778 A3E, 20033

Electrical Properties of Nylon Composites 205

P ©)

ac 1
R+ (@@L ~——)
i+ wC,)

3714 st A @ael s BlA L 29) S X
4% 2o, o] Aot AlAls 2e BaEe] A
o) lamel e AVied A9 Aoz, nea
SRS BALS FeAE, TiAs 224 A
0]9] /\1—37_70-.9_ 712 o8 9l ur_q]E_,] :g]x—]o] H}
g o} ge FA Fuks ¥NE me W
e Aol Bure aom Figie 4] B 4471 40
vol% A7hd Aol tigt af A% S35 4] (6)—~

et A @8 Anes zetel Hehis
o o] @e] 5 e 06solth nF AEEE A 7
A (wl=l/wC)elA HAZE B ]‘:}']' thA] 71

Ao s, A% T A FAEE 53D
Fole e e g0 92 AT 5 vk
exe) B2 A7) ARE FI7) BE 9 2

AREE AF Arxd $3sh= A& oj&sle 100
Hzel Folmold has A4blE 46 BiA) Lxol
g Ax=o H3lE Figure 6] VeIt 2571 3
7Vl Wt A E%7F 5718k NTC (negative tempera-
ture coefficient) A5& Rolx glon, B4 Afo ¥
Fo] ZNY4E ol AFE % TR Yok
2y g A ] 40 vol%—ﬂ At delAe
23l 2= 5”7P°ﬂ g Ax=e] F7HEo] Fastgl
o g ARHLE 46 %WHJHI exo BE A=
EE o A3 2ol WEA EH £xo 92 Ax

CF content (vol.%)

Ln conductivity (S/cm)
A

L T T T T 1 71 T T T
2.0 2.2 2.4 2.6 28 3.0 3.2 3.4
1T (x10°, K™)

Figure 6. Conductivity as a function of temperature for nylon
46/carbon fiber composites.
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Table 2. 5, and W of Carbon Fiber(CF)/Nylon 46
Composites

CF content

(vol%) a, (S/cm) W (eV)
10 0.00286 0.0532
15 0.03534 0.0652
20 0.74682 0.0923
30 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; (a) nylon 6 composites and (b) nylon 4,6 composites (2
mm in thickness).
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Figure 9. Return loss as a function of frequency for; (a) nylon
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MHz and conductivity of various composites.
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