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ABSTRACT

Nanocomposites based on (PU/PVC) polyurethane @d)poly (vinyl chloride) (PVC) loaded with low ¢ents

of multi walled carbon nanotubes (MWCNTS) were areg using solution casting technique. The comjuosdnd
structure of blend and nanocomposites were charaet® by X-ray diffraction (XRD),Transmission eteat
microscope (TEM), and Differential scanning caloetny (DSC). The X-ray study indicated that decrease
crystallinity of polymer blend after addition ofre@n nanotubes due to interaction between carbaronie (CNT)
and the polymer matrix in the nanocomposites. Théstability was studied by Differential scanninglaimetry
(DSC) analysis. The obtained data from these stebcribed that the glass transition temperature)(Tgelting
point (Tm) and degradation temperature (Td) of #@mples were increased with an increase of difteren
concentrations of MWCNTs. The behavior of therntabity were enhanced. Mechanical properties were
calculated by tensile universal testing machind. rdsults data showed well dispersed of MWCNTsdlymer
matrix at all weight percentages.
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INTRODUCTION

One useful techniques for developing materials witany different of properties is Polymer blendirihe
properties exhibit often in polymer blending whichn be better in comparison to the properties oh eane
individual component polymer [1-3]. Blend systenaédr main advantages are simple preparation andesiafp
charge of physical properties by compositional ¢eaf#,5].There is considerable desire for the stedparding of
polymer matrices due to their importance in tec@iniaspects and academic. Particularly, much attertias
become paid to phase behavior and miscibility ityqer matrix[6,7]. There are measurements utilitestudy the
phase behavior and miscibility of polymer matrix. Be able to examine phase behavior and miscilaifigyolymer
matrix, DSC continues to be much utilized for tletedimination of [8]. A miscible polymer blend would show a
single transition betweengTof these two components. There's a broadenincghénttansition with increasing

immiscibility, whereas an incompatible system cooédmarked by separate transitions of the polyroerponents
in the blends [9] .

PU is known due to the has high toughness and wesistance, however, poor heat resistance and low
modulus[10,11]. Polyurethane are normally modifiydntroducing PVC to create flexible materialstwiinproved
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hydrolytic, environmental stability, and chemicdl2].PVC obtained generally by suspension and eowlsi
polymerization has become widely used in some imigiss PVC has disadvantages for example poor thlerm
stability, low-notched impact strength, and hugeltm#scosity. Blending of Polymer is a method fdret
enhancement of new polymeric matrix[13,14].The MWIGNdiscovery by lijima were produced at e high
temperatures via use of an arc discharge betweectr@lles of graphite[15].Carbon nanotubes have won
increasingly more and more intense interest simm@r tdiscovery due to their unique structural, nastbal
properties[16,17]. However, the processing of CIN&s become restricted to limited by their insoityoijenerally

in most common solvents, because of the strong-inte vander Waals attraction[18].The addition MWéNnto
the PVC increased its mechanical properties at tmmcentration MWNTs[19]. MWNTs with chlorinated
polypropylene to reinforce polyvinyle chloride usby Blake et al.[20].This paper study influence abfemical
structure of MWCNT on the structure and mechangaperties of PU/PVC to use in wind Turbines todurce
energy.

MATERIALSAND METHODS

Polyurethane (PU) (average molecular weight of 8806argill-Dow, South Korea.Tetra hydro furan (Th@&s
supplied by Duksan pure chemicals, Korea. High mdér weight polyvinyl chloride (PVC) supplied biylgka).
THF wasutilized as solvent for the PU and PVC. Ry blend was prepared byutilizing a casting temphei
Different weight concentration, of PU/PVC 00/10®&/25, 50/50, 25/75 and 100/00, and then the polybhend
solution was stirred continuously about 24 h atmaemperature until a homogenous viscous liquid feased.
After complete dissolution onto on the glass plaiesil allow the solvent to evaporate. The resgltihU/PVC
samples were then dried at room temperature incauwna oven for four days toensure all traces of eah\have
already been removed. The films whose thicknesgaafrom100-270 pm.

XRD scans were observed utilizing PANalytical ®PPRO XRD system utilizing CuKradiation where, the
tube operated at 30 kV, the Bragg's anglé) (i the range of 10-80 A = 1.540 A). Transmission electron
microscope (TEM), (JEOL-JEM-2100, Japan) was wilizto study the shape, size, and distribution & th
nanoparticles within the polymeric matrix. DSC akpared samples was carried out by utilizing (SEAMR
labsys TG-DSC 16) which has heating rate of@0min* from room temperature to 55C. For tensile testing, a
computer controlled Lloyd LRX5K mechanical testimgchine (LIoyd Instruments Ltd, UK) was used.

RESULTSAND DISCUSSION

3.1. X-ray diffraction (XRD)

XRD patterns of nanocomposite films are presentdgig.1. Nanocomposites films shows that semiclys¢éaand

characterized by two peaks @t =2 21.6° and 22.3°. Composite containing MWCNTsasftbmuch lower diffraction
intensity, compared to pure blend. Peaks becomadered with reduced intensity with addition of MWTN
ascribed to a decrease of crystallinity in polyrlend with increasing of the MWCNTSs concentratidiso can be
ascribed to the changing in the crosslink densftyblend with an increase CNTs concentrations .[2¥hich

inferred that the multi walled carbon nanotube aersbly affect the well short-range microstructyshases of
both hard and soft segments of the PU in polymendi2]. This can be ascribed to the presence rohgt
interfacial interactions between MWCNTSs and polyrlkend. furthermore, the bundled or individual nahes also
influence the resulting steric hindrance effechafd and soft phases of PU in polymer matrices. [#8]new sharp
peaks pertaining to CNT appeared in complexescatitig partial /complete dissolution of the CNTpalymer

blend. [24]. The degree of crystallinity (K) of goler nanocomposites is calculated as [25]:

K 4 100
=—x
T

Where A is the total area of peaks (area of chys¢gaand amorphous peak) andié the total area under diffraction
pattern. The peaks intensity decreased with cordEMWCNTSs in the composites. From this result¢dtuld be
logically assumed that the PU/PVC crystallinity &ee lower with increasing MWNTs concentrations e t
polymer blend. This is a good agreement with tisalte in Table 1

230



A.Rajehetal Der Pharma Chemica, 2016, 8 (5):229-235

3.2. Transmission electron microscope (TEM) analysis

Figure 2 a shows TEM of pure MWCNTs where it candbserved that no amorphous carbon stays in the
MWCNTs. And also, are smooth, indicating no imgaston the surfaces and distinguishable from tlnerst
images. The CNT consist of long tubes with hollosves as an observed insert image Fig.2a and maeysla
indicating that they are multiwall with diameter 6515 nm. . From the TEM image of (PU/PVC) - MWCNT
composite (Fig.2 b), it can be seen that MWCNTSs dgemeously disperse in polymer solution matrix &ordh
uniform entangled (PU/PVC) - MWCNT network. ImagedsTEM for specimen where some dark features can be
observed. The presence of such some spots (Ficad)e ascribed to covalent linkages between cludipslymer

and MWCNTSs. [26]. Fig.2 d show nanocomposites chaimpped the nanotubes increasing their thickimessme
regions as arrow indicates. The change of the dirmés more dramatic at the end of MWCNTSs (Fig\, 2¢chich
suggested that the more oxidation occur at theddrttie nanotube. This leads to more polymers gilaftethe
oxidized site, namely, the end of the nanotubeo Alffer addition shows the micrograph of MWCNT dision in
polymer matrix. MWCNTSs disperse well in polymer, iain results in uniform dispersal. MWCNTSs are impégh
uniformly in the polymer and have close contacthwiitese polymeric matrix Fig.5 d shows a TEM imaje
(PU/PVC) with MWCNTs where it can be chains wrapmgdhe nanotubes increasing their thickness inesom
locales; As a consequence, we believe such pesfiegping would be the result of covalent graftimge external
diameter of the (PU/PVC) - MWNT is not uniform, whiis probably dependent on the thickness of lagérmer.

And providing strong evidence of well functionalizBU/PVC on the surface of MWCNTSs[27].

3.3. Differential scanning calorimetry (DSC)

Thermal techniques are the appropriate tool tordete the chemical and physical changes like plrasesitions,
glass transition temperaturesy);Tmelting point T,, and decomposition temperaturg A temperature from 30-450
°C at a heating rate of £&/min was used under nitrogen atmosphere. The giep@f thermal for (PU/PVC) and
their nanocomposites were examined by Differemsttainning calorimetry to evaluation, how the thertreatsitions
of the prepared samples were influenced by th@uaramount of MWCNT.
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Fig. 1: X-ray diffraction of (PU/PVC) with different concentrationsof MWCNT
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Fig.2: TEM micrographsfor: (a) pure MWCNTS; (b), (c) and (d) (PU/PVC)-MWCNTsat 0.01, 0.02, 0.06 Wt. % concentrations
respectively
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Fig.3: DSC ther mograms of (PU/PVC) with different concentrationsof MWCNT
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Fig.4: Stress-Strain curves of (PU/PVC) with different concentrationsof MWCNT
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Table (1) DSC parametersfor (PU/PVC) with different concentrationsof MWCNT
(PU/PVC) Glasstranstion temperature | Melting temperature | decomposition temperature | Crysallinity
MWCNT (Wt.%) T4(°C) Tm (°C) T4(°C) (%)
0.00 45 233 383 55
0.01 50 23¢ 397 45
0.02 54 242 40C 30
0.04 63 250 405 25
0.06 65 256 420 20

Table (2) Mechanical properties of (PU/PVC) with different concentrations of MWCNT

Sam,;\)/:s\SZL,il/_II?VC) Tensile Elastic Toughness | Elongation
(Wt %) strength (MPa) | modulus(GPa) | (MJ/m3) | at break (%)
0.00 23.3 1.1 1.65 1340

0.01 27.1 1.6 2.10 1330

0.02 32.7 1.7 2.65 1317

0.04 34.4 1.78 2.66 1322

0.06 39.4 3.8 343 1475

From Fig. 3 we observed a single glass transitésnperature (J) in the range of about 40-87, evidencing the
blend's miscibility, However, it should be bornenmnd that the utilization of temperature glassiraluation of
polymer/ polymer miscibility is based on the preenibat a single Jshows that the domain size is down domains
diameter(dd), where (2< dd< 15) nm [28].Melting mio(T,,) and decomposition temperatureg)(Tand glass
transition temperature (Jare reported in Table 2. The transitions preskintd-ig. 6 and summarized in Table 2. It
is observed that the position of glass transitemgerature (J) resulting from the micro-Brownian motion of the
main chain backbone, shifted to higher temperaiite addition CNTs may be due to increase of brargand
steric effects in the polymer matrix molecules. fodul transition at about 144 can be attributed to the a
relaxation processdal associated with crystalline regions, endotherenystalline (T,) and endothermic @) peaks
also slightly shifted toward higher temperaturentipaire blend these lead to improvement of therradility for
samples after addition CNTs [29]. These changelteemuattributed to the molecular interactionswestn polymer
blend and MWCNTSs and good dispersion of MWCNT iihypter matrices.

3.4. Mechanical properties

Tensile test was performed to study the effect 9/@&NTs on the properties of mechanical for PU/PV@posite.
The properties of mechanical for the compositesiishbe better than those of the polymer matrix WMTs could
be well distributed in the polymer matrix. The témsstrength and modulus of the pure polymer blemdi
composites containing the MWNTSs can be calculatechfstress- strain curve in Fig.4. It is clear tinat addition of
MWCNTSs in polymer matrices increased the modulud temsile strength, which suggests that the pueacl
became more resistant to deformation[23]. Finathe modulus and tensile strength of the nanocortgmsi
enhanced from 1.1 GPa in pure blend to 3.8GPa 8rfl MPa from to 39.4 MPa, respectively, when theTEN
concentration reached 0.06 Wt.% in nanocomposgehawn in Table 3. These results indicate thattbehanical
properties of nanocomposites are substantially upéo pure blend, probably due to the reinforcamef
dispersed high performance MWNTs with the polymeatimes and strong interaction between MWNTs and
polymer matrix. Carboxylic groups located onto M&/NT surface will react under formation of covaldiinds
with the polymer blend, thus resulting in signifitlg enhanced interfacial adhesion this is confarbg X-ray and
TEM. Following the similar trend of the increases strength, strain and toughness of the nanocorngsss
substantially enhanced, with increase toughnegRWfPVC)-MWCNT from 1.65 MJ/fhto 3.43 MJ/m indicating
that composite become much more energy absorbifogebaupture, attributed to the reinforcement af ttarbon
nanotubes.

CONCLUSION

X-ray data of the nanocomposites revealed a peakhé blend, indicate that MWCNTSs influence thersiiange
structure of hard and soft segments phases in ulynatrices, resulting in strong interfacial intgians between
nanocomposites. DSC results showed that the gksperature J melting temperature ,J and degradation
temperature J somewhat increased with inclusion of MWNT, whichggested the functionalized MWNT
substantially affected both amorphous and crysel§tructure in the polymer matrices and show sirgiass
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transition temperature for pure blend this findistgows that this blend system is only miscible. TkiNages
indicated that MWNTs were dispersed well in polyimanatrix. The broken ends of MWCNTSs revealed tttnet
nanotubes broke aside instead of being pulled duthe fracture surface. Mechanical tests indicatedt
incorporating of MWNT drastically enhanced the tengproperties, toughness and elastic modulus ef th
nanocomposites without having to sacrifice the gétion at break by the addition of MWNTs. The hoergpus
dispersion of MWNTSs through the polymer matrixratluced MWNT loading and existence of strong it
adhesion between MWNTSs and polymer matrices ledaldcignificant enhancement of overall materialpgrties

of the (PU/PVC)-MWNT nanocomposites. From theseltesthe PU/PVC-MWCNT nanocomposites can be used
to produce wind turbines to power generation.
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