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ABSTRACT

In this research article, we have described thetsssis of non-covalent functionalization of multilled carbon
nanotubes (MWCNTSs) with a polymer dispersant artdioéd a powder of polymer-wrapped MWCNTSs. The UV-
vis absorption spectrum was used to investigateofitanal weight ratio of the MWCNTSs and polymeipdisant.
The powder of polymer-wrapped CNTs had improvedithesbacks of MWCNTSs of being lightweight and clifi

to process, and it can re-disperse in a solveneriTlwe blended the polymer-wrapped MWCNTSs and hghgme
(PE) by melt-mixing and produced a conductive mdsééch and MWCNT/PE composites. The polymer-wrdppe
CNTs showed lower surface resistivity in compositesr the raw MWCNTs. The structure of PE/c-MWCNT
composites was characterized by UV-vis spectrani@iog electron microscopy showed that both theri
fiborous phase and the larger block phase could bseoved. The ultimate mechanical properties might b
compromised by the addition of CNTs to the pedtatture of the polymer fibre.

INTRODUCTION

Since the discovery of carbon nanotubes (CNT) @118y lijima [1], they have been considered aslideiaforcing
fillers in nanocomposite materials. Some key proegrinclude high mechanical strength, high aspatbd, small
diameter, light weight, high electrical and therroahductivities, and high thermal and air staleiitj2—13]. They
have the potential to be used in areas such akdiwgitters [14], probe tips for SPMs [15], nanogiatic devices
[16, 17], and nanotube-based composites [10, h8edent years, considerable research has beenaketeon the
preparation of novel nanocomposites with CNTs Berdi in composite materials. A wide range of hostterials
have been used, including polymers, ceramics, atdls[19-22]. Several methods have been develmpeatpare
these polymer/CNT composites, such as melt mixi2@],[ in situ polymerization [23], mini-emulsion
polymerization [24], electrochemical [25], elecpoming [26, 27], and other methods [28, 29].

By optimizing the process conditions, polyethylefibres could be produced possessing Young's moduli
approaching that of the theoretical maximum foryptilylene crystals. The introduction of nanofibiresuch high
strength fibres would lead to materials that améytmspired by nature. Natural materials such @seband tooth are
composites of proteins, which exhibit many leveishi@rarchical structures and use nano-scale fiasebuilding
blocks for micron-sized fibres. The creation oftstrman-made’ nanostructured fibres could be usedh® creation

of newly ‘designed’ composite materials with addfitl levels of hierarchy. Furthermore, it is expeélcthat nano-
composites might exhibit improved stiffness with@aarifying toughness. This is extremely importéort anti-
ballistics which is the main application area toege polymer fibres.

In this research work, one of the best known organlvents for nanotubes, nam&lyNdimethylformamide (DMF)
and xylene will be mixed together and used as adbolvent in the gelation/ crystallisation processrder to
improve the dispersion of MWNTs and dissolve the PEe nanocomposite film will be drawn to obtaimgfly
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oriented tapes. These materials will be charaadrin terms of electrical and mechanical propertiésally, an
assessment of the real reinforcement potentiaNdF<Cin highly oriented PE fibres will be presented.

MATERIALSAND METHODS

PE was supplied by DSM, Multiwall nanotubes uasdsupplied. They are produced by CVD and theiitypig
95%. Xylene andN,N-dimethylformamide (DMF), supplied by Romil, wersed as solvents.

COMPOSITE PREPARATION

Nanocomposite films were fabricated by a gelatitmybtallisation casting technique using xylene aniature of
xylene and DMF. A typical sample preparation prageds described for mixed solvents. MWNTs wergéised
in 19 g of DMF by ultrasonication using a high powg. The MWNTs concentration needed in DMF was
calculated in order to obtain a range of loadingsveen 1 and 5 wt% in the final composite. The DIMNA/INT
mixture was added to 1 g of Stamylan UH 610 polylette reactor powder in a large neck flask and ¢dpgp to
100 g with xylene. The mixture was degassed foodrlin a sonication bath and left overnight. Thetmie was
heated in an oil bath at 126-127 °C under gernitlérgt and as the polymer started swelling, thetori was left for
45 minutes. When the swelling process was complbe&emixture was stirred vigorously and the tempeeawas
increased to 130 °C. Once PE was totally dissoltleel,sample was poured into a crystallisation basinoom
temperature. After 2-3 hours DMF was extractedh@isiylene. The gel was dried at room temperatureséoeral
days [30].

CHARACTERISATION

AGGLOMERATESSIZE DETECTION

The size distributions of the suspended MWNT aggi@tes in different solvents were measured byex lparticle
size instrument (Malvern Zetasizer Nano ZS, meaguange 0.6 nm to 6 mm).

SCANNING ELECTRON MICROSCOPE (SEM)

The SEM (XL30 ESEM-FEG, Fei Co., The Netherlandalswequipped with a field emission electron sourigh
vacuum conditions were applied and a secondaryretedetector was used for image acquisition. TE& Svas
operated either in conventional high-voltage or-Mnitage mode.

ELECTRICAL MEASUREMENT

Bulk electrical measurements were conducted omtamgular specimen with planar dimensions of 15 snsmm.
The sample ends were gold coated in order to meaker resistance in the axial direction . Agil&@ power
supply E3612A was used as voltage source and KKgite617A Electrometer was used for voltage andecurr
measurement. Each resistance measurement was mau¢he slope of the voltage-current plot withire timear
range.

TENSILE TEST

Tensile tests were conducted on tapes at room t@atype on an Instron 5586. The samples were rectangith
approximate planar dimension of 15 mm x 5 mm. Hosaamples at least five specimens were measunedgesults
analysed and the mean and standard deviation asdcul

RESULTSAND DISCUSSION

DISPERSION QUALITY

Figure 1 shows the aggregate size distributionedscted from light scattering measurements. Ultrizstion of
MWNTSs in pure xylene gave a poor degree of disparsihe solvent can only swell the nanotube aggtates and
loosen them up, but they are still visible andange number. Their size is outside the measuringeaf the
machine. However, when DMF is employed to disp®¥eéNTs, a better dispersion of tubes is produced layid
scattering measurements produce a sharp peak @250 nm. The addition of xylene to DMF worsehs t
dispersion, in fact the peak is broadened, howtheesize of the agglomerates is drastically redasedompared to
the case of pure xylene.

These measurements are very useful for the ideatiifin of the best solvent to process the commmdiecause they
give a good indication of the level of aggregatspdision of nanotubes in solution. However, therekegf
dispersion in solution may not reflect the finabmlrsion within the polymer matrix. Electrical me@snents,
however, can serve as a good indicator of the sfatiéspersion of nanotubes within the polymer imdttence, the
state of dispersion of nanotubes in order to eistalthe best processing condition of melt mixedypatbonate
(PC)/MWNT composites [31].
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Figure 1: Aggregate size distributionsfor MWNTsdispersed in pure DMF and a mixture of DMF and xylene (1:4)

Figure 2 shows the real part of AC conductivity ¢atculated from the real part of the admittancei dunction of
the angular frequenay for PE composite films containing 5 wt% MWNTSs pegsed from different solvents. For
the composite film processed with pure xylene, ¢baductivity is frequency dependent in the freqyerange
studied. This is in good agreement with the expoesegalid for dielectric materials. Electrical measments show
clearly that the presence of DMF plays a crucié o the state of dispersion of MWNTS, in fact #@me amount
of nanotubes lead to a conductive specimen wheredied with a mixture of solvents, while the samplaains an
insulator when the composite is prepared from pylene.
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Figure 2: Frequency dependant conductivity for PE containing 5 wt% MWNTSs prepared using different solvents

Electrical properties of composites

The percolation threshold is a basic charactergdtia conductive composite, as mentioned in theghiction. The
percolation model describes the behaviour of cotideipolymer composites. Its conductivily) at and above the
percolation thresholfpc)is generally described by a power law relationship

oc=0,(p-p.) for p>p.

wherecis a constantp is the weight fraction of the conductive filler ani$ the critical exponenp-pds known as
the reduced mass.
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Figure 3: Electrical conductivity asa function of MWNT weight fraction
The squares are experimental data and the sol@& lin
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Figure 3: Electrical conductivity asa function of MWNT weight fraction
The squares are experimental data and the sol&lifira fit of the data
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Figure 4: Plot of conductivity vs. p-pc, reduced mass
The squares are experimental data and the solaibra linear fit of the data

Figure 3 and 4 shows the DC conductivity of PE/MWINdomposite films as a function of weight fractioh
MWNTSs. A linear relationship can be clearly se€he best fitted values are fpc= 3.1 wt % and = 1.97. The
percolation threshold value falls within the rarafegoercolation thresholds calculated for cylindkicanductors in
an insulating matrix. In this study statistical bys&s was used to show that a percolation thresimote region of 1
-5% is expected for a system of conductive fillefsaspect ratio between 40 and 130, consistent thieh
aggregation state of nanotubes used in this sfligy.conductivity exponeritgenerally reflects the dimensionality
of the system with values typically around 1.3 &h@ for two and three-dimensions, respectively. eHdre
conductivity critical exponent’s value is close ttee universal value for three-dimensional percotatsystems.
Furthermorecocan be extrapolated whgn= 100%, i.e. for a nanotube filnsp= 1x103 S/m is lower than the
expected conductivity for nanotube mats, 105 S/his Tnight be due to the morphology of the nanocasitpp
where large conductive nanotube agglomerates gaaed by regions of insulating matrix. Hence,duation is
limited by tunnelling between potential barriersvien conductive regions [32,33].

70
Pelagia Research Library



Mahendra Kumar Sahoo and Soumya Sahoo Adv. Appl. Sci. Res., 2014, 5(2):66-74

0.1

0.01 4

1E-5 —— e :
3.2 3.4 3.6 3.8 4.0 4.2

p™ [%]

Figure5: Plot of thelog of conductivity asa function of p-1/3
The squares are experimental data and the solaira fit of the data

They found conductivity for nanotube film of 10-218by extrapolation and ascribed this result tofthrenation of
a thick crystalline polymer layer, which preventsicect contact between nanotubes. They modelledbtdhaviour
with the fluctuation induced tunnelling model, whitakes into account tunnelling through potentiairiers of
different heights due to local temperature fludtuag. If temperature is constant, they obtain apfnrelation
between conductivity and internanotube gap width,

In OpcX ©

Due to spatial consideration, the inter-nanotubp gédth is proportional tg-1/3, which combined with the
previous equation lead to

In OpcX © p_ll3

Figure 5 shows in a semi-logarithmic scale conditgtias a function op-1/3, where a linear relationship can be
clearly seen.

SEM:

The different capabilities for charge transporttleé conductive MWNTs and the insulating polymer nwatthe
secondary electron yield is enriched at the locatid the nanotube, which results in the contrastvben the
MWNT network and the polymer matrix. The mechanisperating is not totally understood, in fact from a
theoretical point of view, the contrast should beerted, with dark MWNTs within a bright chargedlyroer
matrix. However, this imaging mode is very effidien the visualisation of the nanotube organisatigthin the
matrix. 6 shows a general view of a tape30) containing 5 wt% MWNTSs. A high degree of aligent can be
clearly seen. The solid state drawing is indeed edficient in aligning the nanotubes. In fact,aatelatively low
draw ratio, the MWNTs are already perfectly aligriadthe axial direction, thus creating the ultimateiaxial
nanocomposite [34].
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Figure6: Electrical conductivity of PE containing 5wt% MWNTsasa function of draw ratio o
Black squares are the experimental data and thid §iok is a linear fit.

Electrical propertiesof drawn tapes

Figure 7 shows the electrical conductivity as acfiom of the draw ratio for a composite containiBgwt%
MWNTs. The conductivity was measured along thetatiag direction with the two-terminal method. The
conductivity of undrawn samplé<1) is improved drastically as compared to purefifk (5 wt% > percolation
threshold), however the conductivity was gradudlgreased with increasing draw ratio. As showrm@gdrevious
paragraph, solid state drawing is responsible fehange in distribution and alignment of MWNTs.ctiuld be
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thought that drawing of PE/MWNT nanocomposites dases the number of possible conduction paths mirese
above the percolation threshold with a resultingréase in conductivity. In fact, for pure PE filnasdraw ratio of
80-100 could be reached, while for the nanocomessibntaining 5 wt% MWNTs only 50 could be achieved

Furthermore, as it will be shown in the next paaadr, the addition of MWNTS is accompanied by a ease of the
mechanical properties.

Mechanical properties of drawn tapes

Figure 7 shows the stress-strain curves for PEstapawn to a draw ratio of 30. Nanocomposite tap&®
containing 5 wt% MWNTSs is compared to its referentaerial, PE processed from a mixture of xylengé BMF,
and also to the standard PE tape processed froenxglene. As compared to the PE processed fromdrerérents,
both Young’s modulus and tensile strength are &dteby the presence of nanotubes. MWNT agglomeeateas

stress concentrators and result in a reductiohefultimate properties. When compared to the PE mppared
from xylene, the effect is even bigger.
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Figure7: Stress-strain curves of pure PE crystallized by xylene and by a xylene/DM F mixture and PE containing 5wt% MWNTs
crystallized from a mixture of xyleneand DMF

CONCLUSION

In conclusion, CNTs can be used as fillers in P®riter to create conductive fibres. However, treaidf using
CNTs, especially MWNTS, as reinforcing Manufactgrend characterisation of PE/MWNT composites ndme§
for PE should be carefully reconsidered, since utienate mechanical properties might be compromisgdhe
addition of CNTSs to the perfect structure of théypeer fibre.These results are not completely ssipg. As already
mentioned in the introduction, the amazing meclanicoperties of PE fibres are a result of the gxrktructure
obtained by gel-spinning followed by solid statawiing. If the structure is compromised by the addiof a filler,
then there will be a decrease in properties oftlagrix and the gain that results from the use ddiaforcing filler
might be nullified. In addition, the reinforcing teatial of MWNTSs can be modest, depending on tlfecéfe load

carrying capabilities of the multiple layers. It wid be interesting to assess from a theoreticaltpafiview whether
SWNTSs could be used to reinforce high-strengthiB$.
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