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Vanations in Electrical Conductivity of CNF/PPy Films with the Ratio of CNF and
Application to a Bending Sensor

Cheol Kim™, Shuai Zhang’, Seon Myeong Kim"

ABSTRACT

A new material, carbon-nanofiber/polypyrrole (CNF/PPy) composite films, with different CNF weight ratios were
fabricated electrochemically. Compared to the fabrication process based on simple physical mixing, the flexibility of the
new film has been improved much better than the previous similar material. Pure PPy films were also fabricated by
the new electrochemical process for the comparison of difference. Several SEM images were taken at two locations
(electrode-side and solution-side) and at the cross section of the samples. Electrical conductivity of the composite films
was measured by the four-probe method. The conductivity of the pure PPy film 0.013cm thick was 79.33S/cm. The
CNF/PPy composite film with 5% CNF showed a conductivity of 93S/cm. One with 10% CNF showed a conductivity
of 126 S/cm. The conductivity of PPy improves, as the CNF weight ratio increases. The good conductivity of
CNF/PPy composites makes them a candidate for a small bending actuator. A bending sensor consists of PPy and
PVDF, which can be operated in the air, was designed and the bending deflection was calculated using FEM.
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Fig. 1 The schematic of a fabrication process.
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Fig. 3 Differently deposited materials on two surfaces of the working
electrode.

24 M=Z2| SEM 24

Figs. 4¢} 5= <<= PPy} CNF/PPy &35 Eehs A
SR FaE o) Arxdny §Ao ot M=o WY
EA4& Hlwshy] flste] SEMe= st AQlm #Ho AR
oltt. Eleky A A& FEY #dS A9, vEs |
SHH olgtar k&) Fig. 4= 5= PPy A=SHE 2o
, SHH Ho) vbsial HEE AL g2l & 4 itk &
2 FEYO) PPy7t FERA Holw AZ mwoz 4

S E 5 Utk AE AEY oW UiE 34 o
Hip v Fej2 AL, AR BEEE 2t
Fig. 5= CNF/PPy E34|% I&52] SEM Apxlo|tt. CNF/PPy
59 FHUEHTH, §AH)oM= F5H L= CNF7F Wol
AR R] or=th e #RIRE Bt 4= PPy FEX
Az Bt 2RSS 7Hh SRR g S 29T
Fig. 5(c)ol4l+= PPy:= CNF&} w9 & F3t=o] 93-S 3
3k 4= It} Fig. 5(a)= CNF FHS PPy7} 2 2Pl QlofA
CNFE FelsbA +HT 5= gle ZAolth AAls] W PPy7E
ARJNFH = & ddEo] e =T 2E5S 5 5 Utk

op 1 12 4N o

2 2| 1

3. A7) A=A

CNFIPPy Bgb|s whke] 7] AwAe 24sh] st
4% o] ALGEL[T]. Fig. 63 Zo| A7 Tl 472)

" 15.0kv xiok

(c) a cross section

Fig. 4 SEM images on the 3 surfaces of pure PPy.

(a) an electrode side
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(c) a cross section

Fig. 5 SEM images on the 3 surfaces of a CNF/PPy film.
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Fig. 6 Four-probe method for measuring electric conductivity.
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Table 1 Conductivity of a pure PPy film

h | AV Cc
Thickness Current Voltage Conductivity
(cm) (A) V) (S/cm)

0.4 0.08 85
0.6 0.13 78
0013 0.8 0.18 75

79.33 (averaged)

Table 2 Conductivity of a composite film (CNF 5% wt)

h | AV C
Thickness Current Voltage Conductivity
(cm) (A) V) (S/cm)

0.4 0.05 98
0.6 0.08 92
0018 0.8 0.11 89

93 (averaged)

Table 3 Conductivity of a composite film (CNF 10% wt)

h | AV C
Thickness Current Voltage Conductivity
(cm) (A) V) (Sfcm)

0.4 0.043 121
0.6 0.059 132
0017 0.8 0.083 125

126 (averaged)
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Fig. 7 Schematic diagram of a PPy and PVDF sensor structure subjected
to a tip distributed load.

Fig. 8 Finite element model of the sensor structure.
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Fig. 9 Deflections in the longitudinal direction.
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