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2 9y JHA g@AEIt22RE Ni € Ni-Cuol $F208 Algste slaEauled] ofs)
Az Y2482 2442 33, poly(vinylidene fluoride) (PVDF)E mjlE8 Az o]43]
o BEYAE Azl A AT 2ARIEATE A A4 2AA 9] S B
ks gol AZ|AEEE 10000 psi G4 4.2~22.4S/cm Alojol BREETE Uwegha
A% /PVDF B34 A7|ALEE 0.22~246 S/cm Aleld] ghe ¥z, Axn xH4d5e 2
~13dB HHAE et Ugiidfe ArdErsEs gxa 259 At 714 e =
olx|A|ul, dojxls B AZIAEEE 270 §45 271 & dASAE AT Jehidoh
Ao WAta A e dXEl 259 A7k Uil wet Zrbsivirt gastdn, B
AA =z v siat. @A7t AP g Yegidae v gHdoe] asigen, Az
g Aol 2HAL] ArHAER 94 BEHHe] FAT WFUE & 5 ALk

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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Table 1. Representative Reaction Conditions for
Preparation of Carbon Nanofibers

talyst reactant  flow rate reaction reaction
caiays gases  (mL/min) temperature ('C) time (hr)
pure N JHe/H, 40/200/10 500 2
powder

NCT73 C,H,/H,  400/100 600 2
powder

NC73

powder CiHg/Hy,  320/80 650 3
g 3dch

LB MR /PVDF S8IRH2| M=, S3a1e] of
EYAg Az Aste 2 ot AdE 39
PVDF2} NMPE 60 CoAM 30& T AFHAHA
PVDF £9& glEgich A Z% PVDF §9& 2
74 W27 ¥, PVDF 2880 thalod 40 wi%
o P G U2 dRE HAMAT. 97
A UG XA g wet 534 A
NReze} Az A FE ZIskFrEeE F0t
AR, 50 wt% ol ddXE W=7 UF EobAA
28] A ZW7) & 40wt% =2 AHEHA
.2 doja 23Ee 73 3}7] (homogenizer) & A}
£3}] 20000~40000 rpme} £E& 58 B¢ &£F
-BH A5, EW7|E AME-Ele) 208 F¢F 500~
700 rpme] £ 2 3§73 EslM RHERE Al
Z3l9g ). 287] (applicator) & o]43ld FHEER
& =7 360 tm, 15x30cme] A7|E o|HA|d =
23t} 55 ColA 1413 F 7R2r]dlA HzAl
A SA7} 50 ume] LhewbAAS/PVDF 2348
A z3H}. 24 ARE 05x1.0cme =72 F
ghije] ArARRE FFPeH, YA Aas
13.2cme] 980z QI Az AueL 53
ol 7HEEY/PVDF E§#4 A& $Y¢ U4
o2 Az}

Y B4 FdA49 nEdEde AFFHIA
(Autosorb-1, Quntachrome)& ARl 77K A
N, 7}~8 F#HAA 49, X-ray diffractometry
(XRD, XD-D1 system Shimadzu)& A}g-3o o
A2l A% AR HAAFI}=E FHIAT £9, v
Ml FZ¥* scanning electron microscopy (SEM,
Leica, Model 440)2 st 2442 A7|A
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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)
C3Hg/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 93 100
nanofibers C,H,/NC73 5.6 203
from  C;Hy/NC73 42 348
carbon black 30.3 100

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

electrical  electrical

heat treatment condut;tmty oonduct1v1.ty

of filler  of composite

(S/cm) (S/em)
before 9.3 0.28
carbon Gl /pure N ey 147 0.83
. hefore 5.6 0.65
“a“f‘;ii’frs CH/NCT ey 144 2.46
before 4.2 0.22
CHs/NCTS e 139 0.31
carbon black 30.3 1.94

Eelage] HHAGgE dwtdez 1~100 Q/sqo
Heleolw, Fejag yRdA FAAY AxA vE
A39] S oA AFEdn g4 AgM
Table 3& AZE UYxgtiaAdH SdA9 94z A
Fo] Ar|HExe] ®Wsle), f4ze] A8 PVDF:
NMP (1:9)2 Xl &3 £¢A9) Arjd=
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o} o2 ¥ EAL ZHA9 vgHHC] ANAEE
Bo 294 WrAEEY e v, u
e yxegads 2AA7 g8 FREg g
HES QoA HIFo] Lo]3tAr] dhFelata o]s)
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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 8. 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

electrical electrical
carbon heat conductivity conductivit surface
nanofibers treatment y v

of filler  of composite 2
from (hr/C) (S/em) (S/em) (m*/g)
none 5.6 0.65 203
1/1100 144 2.41 83
C,Hy/NC73 - 371100 168 291 98
12/1100 184 2.32 61
1/2700 22.4 197 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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