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AZE YA S-S 2842 31, poly(vinylidene fluoride) (PVDF)E mjEg Az 0]L-3}
of B3 E ARl AA AAdES ZAREYTH AA0) g AR Fod BAXA
UretaA g9 A7|dEEs 10000 psi oA 4.2~22.4S/cm Alolol] EX3HHcl Uxmgrs
A4 /PVDF BgAel A7AREE 0.22~2.46 §/cm Alold] g2 Belw, Axig 2jdAse

~13dB #HY9& Uelg. Uy=sadfe ArAEEE EXa 2x9 Azte) Frtd det &
ofx|Alut, dojxz= EA 9 Ar|AEEE V)4 F4T 271 F dAsA e AFE Ul
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ANAE=) vldsch. @xelst AP we} vhingkadfe] vgHdo] Zgasigon, Azt
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ABSTRACT: The electromagnetic interference (EMI) shielding effectiveness (SE) of poly(vi-
nylidene fluoride) (PVDF) composites was investigated using carbon nanofiber fillers pre-
pared by catalytic chemical vapor deposition of various carbon-containing gases over Ni and
Ni-Cu catalysts. The electrical conductivity of carbon nanofiber which was regarded as the
key property of filler for the application of EMI shielding ranged from 4.2 to 22.4 S/cm at a
pressure of 10000 psi. The electrical conductivity of carbon nanofiber/PVDF composites
ranged from 0.22 to 2.46 S/cm and the EMI SE of those was in the range of 2~13dB. The
electrical conductivity of carbon nanofibers increased with the increase in heat treatment
temperature and time, while the electrical conductivity of the composites increased rapidly at
the initial heat treatment and then approached a certain value with the further increase of
heat treatment. The SE of the composites showed a maximum at the medium heat treatment
and was proportional to the electrical conductivity of the composites. It was concluded that
the specific surface area of carbon nanofibers decreased with the continual heat treatment
and the specific surface area of filler was an important factor for the SE of the composites.

Keywords: carbon nanofiber, poly(vinylidene fluoride), EMI shielding.
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R3L, 4Fz w2t A4 (straight)d, 7R
(branched)d, 719l (twisted)d % ZY (helical)
¥ 5 oI FEIYE ol F 1 Uk’
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NAEREE 7He Ao At MAn Ad 8- F
AN zA e 7S 2A BRYth Nid Ni-Cud &
FEu o} o HEA/AR/ T4, dEBA /52 2 B2
B/Fr ERtAERE AR UYxR2ARE F
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Table 1. Representative Reaction Conditions for
Preparation of Carbon Nanofibers

catalyst reactant  flow rate reaction reaction
’ gases  (mL/min) temperature (C) time (hr)

x:dg C,H,/He/H, 40/200/10 500 2

pljf,zlir CH,/H,  400/100 600 5

pl;lszzr Cillg/H;  320/80 650 3

2| st

LM R/PVDF S8Rie| M=, E#Ae] of
EYAE Az Y3t 244w At %
PVDF9} NMPE&E 60 ColA 308 F mHMAA
PVDF &g 9+&qich Az PVDF §9& 42
742 ¥Z4A1Z §F, PVDF 5@ 2d distd 40 wt%
o sjgahE do UxvBAERE F7/MAT 97
A UEEAES A gl wet Ao A
ZIR=EEe} AR A 7IskETHez F7)
AR, 50 wt% ol el M F=rt UF FolAA
2" HFgstA R3] Wl 40 wt% = 23
o2 dojn E¢Ee #337] (homogenizer) & A}
4319 20000~40000 rpm¢] £E2 58 F EF
-EAATI, ae71E ARS-3ld 208 Bt 500~
700rpme] £x2 FE3] EFslHA ZHEEE Al
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& F4 360 um, 15x30cme] 7|2 o)¥A| =
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Azt B2 A|EE 05x1.0cme) =372 &
el WHEEE 2Rekgon, Ysix Ass
132cms) 9902 A Az Jolge 24
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o2 AxH)

=28 24 3349 wERRIL AFFAFA
(Autosorb-1, Quntachrome)& A}-3}e] 77Kl A
N, 7128 FFNA 493, X-ray diffractometry
(XRD, XD-D1 system Shimadzu)& Al&3f 4
A A% Al ARINEE A3 EE, 1)
M F-ZE  scanning electron microscopy (SEM,
Leica, Model 440)2 #asigiey. a9 dr|d
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Figure 1. SEM micrograph of carbon nanofibers pro-
duced from (a) C,H,/pure N, (b) C,H,/NC73, and (c)
C;Hg/NC73.
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Table 2. Electrical Conductivities and Surface
Areas of Various Carbon Nanofibers and Carbon
Black

electrical conductivity surface area

of filler (S/cm) {(m®*/g)

carbon C,H,/pure N 9.3 100
nanofibers C;H,/NC73 5.6 203
from  CsHy/NC73 42 348
carbon black 30.3 100

Table 3. Improvement of the Electrical Conduc-
tivities of Carbon Nanofiber Fillers and their
PVDF Composites by Heat Treatment at 1100°C
for 1 hr

electrical  electrical

conductivity conductivi
heat treatment vity conductivity

of filler  of composite
(S/cm) (S/cm)
before 9.3 0.28
carbon Gty /pure N ey 147 0.83
. before 5.6 0.65
na"f‘;f)‘r:ers CH/NCT ey 144 2.46
before 4.2 0.22
CHa/NCTS - fier 139 0.31
carbon black 30.3 1.94
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Figure 2. EMI shielding effectiveness of carbon
nanofibers and carbon black/PVDF composites with-
out heat treatment.
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. Figure 3. XRD spectra of carbon nanofibers produced
from C,H,/NC73 as a function of heat treatment tem-
perature and time.
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Figure 4. EMI shielding effectiveness of carbon
nanofibers and carbon black/PVDF composites with
heat treatment at 1100 °C for 1 hr.

Table 4. Effect of the Electrical Conductivities
and Surface Area of Carbon Nanofiber Filler and
PVDF Composites by Heat Treatment Tempera-
ture and Time

carbon heat elzczrtllca.lt elZthrtliC%lt surface
. v ivi uctivi
nanofibers treatment oncuctivity - con ¥

ar
. of filler  of composite 3
from (hr/C) (S/em) (S/em) (m*/g)

none 56 0.65 203

1/1100 144 241 83

C.H,/NC73  3/1100 16.8 2.91 98
12/1100 184 2.32 61

1/2700 22.4 1.97 54
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Figure 5. EMI shielding effectiveness of carbon
nanofiber/PVDF composites as a function of heat
treatment temperature and time.
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