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ABSTRACT

We report the electrical studies of nanocomposites of Multiwalled Carbon Nanotubes (MWCNTS) and
Poly(vinylidene fluoride) (PVDF).The MWCNTSs were synthesized by chemical vapour deposition (CVD) method.
Solvent evaporation method is used to prepare MWCNT-PVDF composite films. Scanning electron microscopy
(SEM), X-ray diffraction analysis (XRD), Fourier transform infrared spectroscopy (FTIR) were used to study
structure and morphology of the composites. The temperature dependant conductivity measurements for the
nanocomposites were performedusing the well established four probe method.
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INTRODUCTION

Carbon nanotubes have been intensively studiedim fobodamental and applied research fields foraver decade
[1]. Among the CNTs mostly used, the multi-wallezftmon nanotube (MWNT) deserves special attentiaame
of its low cost and mass production. It

has been considered to make composite of MWCNT8leasfvith conventional polymer matrix such as
Poly(vinylidene fluoride) (PVDF) for flexibilityash high quality of electrical properties [2].Howe)be
preparation of satisfactory composites is still reagchallenge. An analysis of the registered pateegarding
thefabrication of polymer composites containing bemnanotubes reveals that several fundamental
processingchallenges such as purification, dispersalignment andadhesion of nanotubes and théalions in
interfacial loadtransfer must be overcome[3]. ldliidn, another majorobstacle to use CNTs as f§lierthe high
expenses.The electrical conductivity is a sensifivgbe of composites. Indeed, the percolation bieham the
electricalconductivity of nanotube—polymer compesihas beenwidely studied for several years. Thle &spect
ratio of CNTs is known to be advantageous in makirgercolationnetwork at relatively small loadinggemntages

of order 1wt% of nanotubes.[4]

In this work, we investigate the electrical perfarmme such as temperature dependant electrical ctvit of
MWNT-poly(vinylidene fluoride) composite. Structliranalysis and physical performances of the sampie®
examined by scanning electron microscope (SEM),aX-diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR) and Four probe method

MATERIALS AND METHODS
In this work MWNTSs were prepared by pyrolysis oébdene over Mm based [Mm-Mischmetal, AB3 alloy Hyld

catalyst] using thermal CVD technique. The allogtiges were obtained through hydrogen decrepitatore. The
as-synthesized MWCNTs contain some amorphous cagah catalytic impurities [5].MWCNTs were first
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subjected to air oxidation at 48D for 2h to remove the amorphous carbon and thituxesl with conc.HNO3 for
24h to remove the catalytic impurities.This waddwked by washing with de-ionized water several iraad then
the sample was dried in air for 30min at TDOFor the formation of nanocomposite film, MWCNsre dispersed
in N,N dimethyl formamide (DMF) with PVDF(Merck) bgonstant stirring and high power sonication.Ortce i
dissolved thoroughly in DMF(Merck), transfer thduimn on to the Petri-dish and dry it at 60°C fi® hrs in
vacutherm.[6,7]

RESULTS AND DISCUSSION

The Crystalline nature of CNTs is confirmed by XRHudies [8]. Peaks indexed to (002), (100), (1@&fects
hexagonal structure (Fig 1). The presence of 0Qik pe the XRD data, suggests multiwalled naturecartbon
nanotubes.The X-ray pattern of (Fig 2) showed hibh characteristic peaks of CNT and PVDF. From the
observation of this XRD we could conclude that bgsts of the composite with CNT in PVDF was sucitiss

The SEM images of purified MWCNTs and MWCNT-PVDFRwaosite were shown in fig 3 and 4.From the images
we could interpret that the MWCNTSs were uniformiggkrsed in PVDF matrix.

FTIR spectra were used to characterize the fumatigroups ofpolymers and CNTs after modificati@f)(FTIR
spectraof figure 5 shows MWCNTSs and figure 6 of FMONT.IR spectra of opened CNTs the absorbanceshand
3600-3100, 1700 and 1620, and 1500 cm-1 are refatbd O—H, C=0, and C=C bonds.The CNT bonds waieh
formed in fig Sispresent in the figure 6 along witie polymer stretching bonds [9].Hence we confosnTIR that
the CNT/PVDF composite is formed.

The specific electrical conductivity measurements tlle compositesprepared from MWCNTs-PVDF were
performedusing the well established four probe w@tfil0].Measurements were performed as a functibn o
temperaturefrom 77 K to 300 K. Figures(7,8) repnes¢he experimental results ofelectrical resistaag a function
oftemperature for MWCNTs-PVDF composite and alsd-4¥/ characteristics.In order to know the changaport

of the hybrid MWCNTs-PVDF composites the tempemtdependant electrical conductivty measurementg wer
done. The temperature dependant values of resesfanthe composite is tabulated in table 1.We oleséhat the
material is showing the negative temperature coefit (NTC).As the temperature increases, the gnefghe
electrons increases due to the increased thermeafjemvailable and therefore enables them to begted to the
conduction band. This results in a greater proportif electrons being able to move around and aavayge , then
more electrons that are mobile and can carry chdlgemore current a material can conduct and fhesehe
resistivity has decreased, hence the material &xhitecrease in resistivity with increasing tenapere.
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Fig.1 X-ray diffraction pattern of MWCNTs
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Fig.3 SEM image of MWCNTs
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Fig.4 SEM image of MWCNTs-PVDF composites
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Fig.5 FTIR spectra of MWCNTs
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Fig.5 FTIR spectra of MWCNTs-PVDF composites
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Fig.6 Temperature dependant resistivity of CNT/PVDFcomposite
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I-V Characteristics of CNT/Pvdf Conposites
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Fig.7 I-V Characteristics of CNT-PVDF composites

Table 1 [Temperature vs Resistance]

Temperature(K) | Resistance(KQ)
79.5 9.7
157.1 8.8
224.2 8.4
278 8.13
294.7 7.9
CONCLUSION

We conclude that the MWCNTs-PVDF composite haventssmthesized successfully. The crystal structsuegface
morphology, presence of functional groups wereistlifom XRD,SEM and FTIR. The electrical propestigere
studied using four probe method.
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