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The recent emergence of nano science and nanooteggnhas addecanother
dimension to the staple of the modern compositénlogy. In this study, th
composites were prepared from unsaturated polyesterexcess of ethylene glycol
UPER loaded with various contents of mwadl carbon nanotube (MWCNT) ai
carbon bhck nanoparticles (CNP) at differentwt %. Transmis®lectron microscog
TEM of MWCNT and CNP indicated the dimension of the nano filler. Thenptes
have been examined by X-rdiffraction (XRD) technique Fourier transform infrared

(FTIR) spectroscopy, mechanical test, electricsl, tdfferential scanning calorimeti
(DSC), and thermogravimetric analysis (TGAFTIR spectra confired the physical
and chemical bond formations between nanofiller andtrix. The mechanici
properties such as tensg&ength, elongation at break, and hardness for MW@nd
CNP nanocompositeswere investigated at room teryeralhe results showed tt
tensile strength and hardness shore D were improsgd MWCNT than CNP fillel
and reached their optimum values wHeaded with concentration 0.04% for b
MWCNT and CNP. Electrical conductivity of nanocorsjies with MWCNT waz
obtained to be higher than those with CNP at tiheesiller content due to the ability
MWCNT to forms a threglimensional conductive netvk within the matrix, hence
electron can tunnel from one filler to another amdloing so, it overcomes the hi
resistance offered by insulating polymer matrix.eTthermal stability of UPEF
MWCNT and CNP was enhanced compared to that oflechfUPER

nanoparticles; unsaturated polyester;
nanocomposites; mechanical
properties;  dielectric  properties;
thermal properties.

INTRODUCTION

Polymer nanocompositdmveattracted a great deal of interest in fields ragdinom the scientific to th
industrial fieldsbecause of remarkable improvement in the physand mechanical properties of polyn
matrix at low filler loadingdn fact, the electrical properties of conductivdypeer composites depend on 1
nature of the polymer; the amount of filler, sturet and porosity of filler; filler matrix interacth; mixing
condition; etc. (Fabiet al., 2009; Trchov et al., 2006; Sapurinat al., 2001; Kanget al., 2001; Punchaipetch
et al., 2001) Therefore, for excellent physical and chemicalperties, strong interfaces between polymer
fillers are needed. Carbon black, grag or multiwall carbon nanotubes (MWCNTSs) iconductive fillers are
commonly used as a component of conductive ainforcement polymer compositePunchaipetctet al.,
2001, lijima, s.,1991)In particular, excellent mechanical strength, trerand electricalconductivity, have
created a high levef activity in materials research ' potential applications (Ishihagaal., 2001; Zhangt al.,
2008; Kim et al., 2007; Wuet al., 200¢). Unsaturated polyester resins (LR are one of the most widely us
thermosetting materials because they relatively inexpensive and offer advantages suclbeisg light in
weight and possessing reaably good mechanical properti The use of UPEs in bulk and sheet moldir
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compounds results in composite materials that lmégle strength, dimension stability, and very goodface
qualities. They have many applications in autonstiaircraft, electrical, and appliance componergs a
substitutes for traditional materials (Alahal., 2003). Efforts have been reported to the devatop of well-
dispersed nanocomposites in order to tailor thesri@tproperties (Begt al., 2015; Alamet al., 2014; Nassir
2013; Muraescuat al., 2011; Abdel-Aakt al., 2008; Yasmiret al., 2006; Huang 2002). Beg M.D & al have
studied the improvement of the interaction betwgme-dispersed multi-walled carbon nanotubes and
unsaturated polyester resin (Begal., 2015). Alam, K. M. and his coworkers confirmdutk tstructural,
mechanical, thermal, and electrical propertiesasfancarbon black reinforced Polyester resin congegAlam
etal., 2014).

In the present study, the effects of adding mualliwcarbon nanotube (MWCNT) and carbon
nanoparticles(CNP) separatelyat different weighitosa0.01, 0.02,0.03,0.04 and 0.05 % to the unatgdr
polyesters resin (UPER) have been investigated.hisfgcal, dielectric and thermal properties of thepared
nanocomposites in comparison with the neat UPERe weeasured. Ultra-sonication technique was used to
disperse nanofiller in the matrix.

Experimental:
2.1. Materials:

Dimethyl terephthalate and maleic acid anhydrigeessupplied from Sigma Aldrich Co.Styrene monomer
40wt%was used as reactive diluent and paratoluglpéenic acid was used as catalyst for esterificafirocess
and were purchased from Sigma Aldrich Co. Ethylglyeol and cobalt octoate, as an accelerator ferctring
process, were purchased from El-Nasr Pharmace@icaMethyl ethyl ketone peroxide was purchasedhfro
Fluka Chemical and used as an initiator for theinguprocess. Multiwall carbon nanotube (MWCNT)was
prepared by a chemical vapor deposition methodplegfrom EPRI, Egypt with diameter and lengthged
between 10 - 20 nm and 10 - ph, respectively, and with an estimated aspect @tl®00-5000, according to
the supplier’s specification. Carbon nanopartig€dP) (Vulcan XC72, Cabot Corp., Boston, MA), has a
spherical shape with a diameter in the range d3@@m. Images of these fillers were taken fronaagmission
electron microscope (TEM; JEOL-1230) as shown iguFé 1. All chemicals were chemical grade and used
without further purifications.

Preparation of prepolymer of unsaturated polyester resin (UPER):

Dimethyl terephthalate (100 ml), maleic anhydrid®0ml), ethylene glycol (200 ml) were mixed in @05
ml flask in the presences of paratoluene sulfomicl £0.5wt%) as a catalyst. The formed prepolymesw
dissolved in styrene monomer40wt%. And excess etigylglycol(10wt%) was added with sonication for 30
min. (Motawieet al., 2014).

Preparation of UPERnanocomposites:

In100 ml beaker the prepared unsaturated polygsegrolymer (20gm),was initially mixed with differe
weight percentages of MWCNT or CNP (i.e. 0.0, 0002, 0,03,0.04, and 0.05) by mechanical stiroer20
min. at 2000 rpm. Then, the mixture was sonicate®®C for 40 min by a 14-mm diameter probe sonicator,
(Branson Sonic Power s125 sonicator). The sampées poured in Petri dishes then cobalt octoate$o)sas
added as an accelerator and methyl ethyl ketorexiger (0.05wt%) as an initiator for curing procesgoom
temperature.

RESULTS AND DISCUSSIONS

3.1. XRD Analysis:

X-ray diffraction (XRD) pattern have been inveatigd using a modern PAN analytical diffract meter,
Xpert PRO model. Nickel filtered copper radiation< 1.542 A) was used. All the diffraction pattennsre
examined at room temperature and under constamatimg conditions (40 KV & 40 m A). The scannindea
was 1 degree (@min). Figures2&3 show the XRD profiles of UPER, NGMT, UPER/0.04 wt% MWCNT,
and UPER, CNP, UPER/0.04 wt% CNP respectively. XRbD profiles reveal that polyester resin shows a
broad peak at 20.29 that corresponds to its amoaphature. The average lattice spacing estimated the
peak is about 4.47A. The MWCNT contain a peak at ghattering angle ofé2= 26.1with average lattice
spacing 3.51A which can be graphitized of the MWCNMWanget al., 2005). The CNP contain a sharp peak at
the scattering angle ob2= 25.23 with lattice spacing was 3.58A. New peakse appeared ad2 17.82 and
25.71with lattice spacing 4.96A&3.55Ain case of W% MWCNT/UPER and 0.04 wt%CNP/UPER
respectively. This increase in lattice parametether shift to lower angle on using 0.04 MWCNT may b
attributed to the intercalation of nanofillers irttee matrix. On the other hand, the slight increasgd values
upon using 0.04 wt% CNP was observed (Fig.3). Tisns that crystallinity increases at 0.04 wt% @B i
composites. This was in agreement with the preWoreported result for carbon black reinforced gpossin
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(Abdel-Aal et al., 2008). From these results, it can be inferred the nanofillers are distributed well in resin
matrix, leading to an increase in the interfaciti@sion among filler and matrix. Moreover, a slightrease in
peak width and increase in peak intensity for theatomposites was also observed.

3.2. FTIR Analysis:

The structure of the samples was characterizefgooyier transform infrared analysis (FTIR) on a tdan
1000, series LC operating, Issue | (0791) spectpheter, in the wave number range of 4000- 500.cm
Figure 4 illustrates the FTIR spectra of UPER,UREBI%MWCNT and UPER/0.04%CNP.

For UPER spectrum absorption band appears at &®88vhich is attributed to C—O stretching vibrations
(Abdallaet al., 2007). The peaks that appear at 1288 amay be assigned to Giwisting, 1380 crit to CH;
symmetrical bending, 1600 ¢hto aromatic ring stretching, and 1724 tto C=0 stretching vibrations. The
bands in the range of 2885-3027 toorrespond to stretching vibrations of C—H groumsh as ChlandCH.
The ester bonds (C—O-C) usually appear at 1258 arhich is seemingly overlapped with the intensekpat
1288 cnt. These results prove that UPER molecules bindthegethrough chemical bond, especially ester
bond.

It was observed that the carbonyl (C=0) stretctiagd of UPER at 1724 chhas been shifted to a higher
frequency of 1734 cit& 1731 for UPER/MWCNT and UPER/CNP respectivelyisTimay be indicated to ester
bond formation (C-O-C) of UPER with the used naltex. Two peaks appearing at 1450 and 1380 &wn
pure UPER has been shifted to higher frequency46#11394 ciland 1455, 1395 for UPER/MWCNT and
UPERJ/CNP respectively. This may be donated the liomdation between the used nanofillers and UPEEY(B
etal., 2015)

Table 1: The Tso, Tqand residue contents of different samples(unsadpolyesterUPER resin and nanocompositeswithmalltiearbon
nanotube (MWCNT)).

Samples code Wit% of MWCNT sFC TC Char Yield at 50C
UPER 0 343 378 4.4
UPER/MWCNT1 0.01 351 384 5.7
UPER/MWCNT2 0.02 354 387 6.1
UPER/MWCNT3 0.03 355 388 6.8
UPER/MWCNT4 0.04 357 390 7.9
UPER/MWCNT5 0.05 350 381 5.2

Table 2: The Tso, Tgand residue contents of different samples (unsmiolyester UPER resin and nanocomposites withooa
nanopatrticle (CNP))

Samples Code Wit% of CNP s C TC Char Yield at 50C
UPER 0 343 378 4.4
UPER/CNP1 0.01 344 380 4.6
UPER/CNP2 0.02 346 381 5.91
UPER/CNP3 0.03 351 382 6.5
UPER/CNP4 0.04 354 383 7.8
UPER/CNP5 0.05 341 372 3.4

a Decomposition temperatures at 50% weight loss.
b Decomposition temperature at the maximum decoitiposate.
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Fig. 2: XRD of UPER,MWCNT, &UPER/0.04%MWCNT.
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Fig. 4: FTIR of UPER, UPER/0.04%MWCNT& UPER/0.04%CNP.
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Fig 12:.DSC of UPER, UPER/0.02%CNP&UPER/0.04%CNP.

3.3. Mechanical Analysis:

Mechanical measurements (i.e tensile strengtimgeliion at break) were determined with an Instroa61
testing machine, according to ASTM-D638, 08. Haginof the test specimens was measured with Shore D
durometer according to ASTM-D2240-05. All thesetdaesere performed at room temperature (25 + 1°@) an
the reported results were averaged from a minimtfive specimens.
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The effect of multiwall carbon nanotubes and carbanoparticles loading on the mechanical propedfe
unsaturated polyester nanocomposites is show umwr&sgh-7.
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Fig. 13:TGA curve of UPER and nanocomposite samples loadféddifferent wt% MWCNT.
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Fig. 14:TGA curve of UPER and nanocomposite samples loadtiddifferent wt% CNP.

The tensile strength (Figure 5) of MWCNT nanocosipare 61, 63, 66, 70 and 66 MPa for 0.01, 0.02,
0.03, 0.04 and 0.05 wt %, respectively. Unsaturgtelgester with 0.04 wt. % of MWCNT shows maximum
strength as compared with the neat matrix.

In case of UPER/CNP, Figure5 the pure unsaturatggester shows tensile strength of 58 MPa. in
comparison with 59, 61, 62, 65 and 64 MPa for trepared nanocomposites with 0.01, 0.02, 0.03, ar@#
0.05 wt % CNP, respectively. Also unsaturated pairewith 0.04 wt. % of CNP shows maximum strength.
Tensile strength of nanocomposites was enhanced Wiseinterfacial adhesion was improved. This ftesaih
be described to better stress transfer at thefanebetween matrix and nano filler(Yasaetial., 2006).

For higher loading of nanofiller (i.e. beyond 0.8%%) in the resin matrix, filler agglomeration éssier.
The stress concentration due to external forcayltneg in decreased tensile properties (Abdul Khetlial.,
2007, Ismailet al., 2004). Moreover, at each loading rate, compagptcimen containing MWCNT has higher
values than that with CNP. For instance, the nampasites with 0.04 wt% of MWCNT and CNP are 20% and
12% higher strength than those with the neat ldBIEBR, respectively.

Figure 6 shows the elongation at break percentajethe prepared composites versus the weight
percentage of nanofiller. The elongation at break decreases gradually with increasing of filleading. The
reduction of elongation at break may be due tdestifig of the polymer matrix by the filler. The rease in
filler loading causes the molecular mobility to tksse due to the extensive formation of physicaldso
between the filler and the polymer chains thafestithe matrix (Mitchell, 2004).

As shown in Figure 7hardness test type Shore tfi#),hardness values increase with increasing weight
percentages of both fillers up to 0.04%. (Hasnhal., 2011). Hardness had reached its maximum valug9 of
and 56 at 0.04%wt of MWCNT &CNP, respectively. Beglo0.04wt % loading hardness values decrease as
explained before in the previous section.

3.4. dielectrically Analyses:
Dielectric measurements were carried out in thgdency range 100 Hz up to 100 kHz by using an LCR
meter type AG-411 B (Ando electric Ltd. Japan). Thpacitance C, the loss tangentdaand the resistance R
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were obtained direct from the bridge from which peemittivity €', dielectric los€"and electrical conductivity

o were calculated. The samples were molded in the faf discs with 5 cm diameter and 3mm thickness. A
guard ring capacitor (type NFM/5T Wiss Tech. Weakten GMBH, Germany) was used as a measuring cell.
The cell was calibrated with standard materialsdAd-Messiekt al., 2003) and the experimental errorsin
ande" were found to be +3 and * 5%, respectively.

The permittivitye ' and dielectric loss " were measured in the frequency range from 19Qgto 100 kHz
at 30 °C for unsaturated polyester resin loadedh wiarbon nanotube (MWCNT) and carbon nanoparticles
(CNP) with different concentrations ranging fronu® to 0.05%. The data obtained for MWCNT and CN& ar
given in Figure 8.The ' for whole investigated composites decreases wifeasing the frequency showing an
anomalous dispersion. The rotational motion of plaéar molecules of dielectric is not sufficientlgpid to
attain equilibrium with the field. (Pathang al., 2009). This behavior isexpected in most polyulieiectrics
and is due to the dielectric relaxation phenomehthe polymer materials. Within the measured fregpye
range, the dielectric relaxation includes the dipdfotational) polarization, which depends on thelecular
structure of the material. At higher frequencié® totational motion of the molecules lags behimel gélectric
field, leading to reduced permittivity with incréag frequency (Zhaet al., 2011). The data af' ands " given
in Figure8 at different frequencies indicate thatadrupt increase is noticed at higher concentratiofiller.
With this increases, the tendency of conductivibaio formation increases through the aggregatioithef
carbon nanoparticles network, while with low cortcation, the carbon nanoparticles are widely dispér
through the unaturated polyester matrix. On thembtiand, the absorption curvessdf versus the frequency f
shown in Figure 8 are broad indicating that, initdid to the electrical conductivity, more than aedaxation
mechanism is present (Ben Anmtral., 2009). After subtracting the losses due to thedactivity, the analysis
of the absorption curves relating dielectric lessand the applied frequency f, are analyzed usiRgbhlich”
and a “Havriliak Negami” functions according to thquations given elsewhere (Abd-El-Messieh, 2003).
Example of the analyses is given in FigureThe first relaxation observed at low frequencygearwith
relaxation time about 3.8 xTOs can be attributed to an interfacial polarizatienown as the Maxwell—
Wagner-Sillars (MWS) effect (Arous, 2007). Thisapedtion arises from the fact that free ingredietded to
unsaturated polyester resin during preparation,chvhivere present at the stage of processing, are now
immobilized in materials which lead to the certainconductivity of the media and consequently tharges
can migrate in the applied electric field. It wageresting to notice that the relaxation time aisged with this
region,t,was not affected by either filler content or fillgpe. It was of great interest to notice that ase of
MWCNT composites after the critical concentrati@82%, this region disappears as it becomes predomi
with the dc conductivity, Figure 9. The second apson region at the higher frequency range witlaxation
time © ,was found to be in the order of T0s, and fitted by “Havriliak-Negami” function wagtributed to the
orientation of the large aggregates caused by mewmewf the main chain. It was found thatincreased by
increasing filler content. The higher values ©f obtained at higher concentrations reflect filletymer
interaction, which could takes place which increthgemolar volume of the rotating units and consedly the
relaxation time (Abd-El-Messiedt al., 2013). It was also interesting to mention thatdielectric parametess
and ¢ " were measured only for concentrations up tiD206 for MWCNT composites after which the
measurements cannot be detected due to the expgagtedalves ok ' ande " than the available range of the
apparatus see FigureThe second relaxation time associated with suchhemsm for the completely
investigated systems are illustrated graphicalhgue filler content in Figure 10 (a). From thisuiig., it is clear
that the increase itpis large in case of MWCNT composites when compavied that for CNP which reflect
much more filler-polymer interaction. This interiact may be the reason for the better propertieshef
MWCNT unsaturated polyester composites at 0.02MWCNT

Figure 10 (b) illustrates the electrical conduityivs dc of the different composite systems as a funatib
the percentage of filler content. For the two iriigeged systems, conductivity of the compositesiatty
increases slowly with increasing the concentratbrcarbon black (up to concentrations of 0.02- 0%03or
CNP and 0.01% for MWCNT) followed by a sharp inGg®aThis increase iscalled the percolation threshol
concentration(Abd-El-Messieét al., 2013). Before the percolation, conductive ptiacemain isolated from
each other in the insulating unsaturated polyestatrix and at the percolation the continuous cotidec
network is just formed. Therefore, there is an pbahange in the conductivity of the system dug&dasition
from insulating to conducting state. The physicatyre of this conductivity change with filler ccentration
may be described as follows. With the addition offisient conductive filler (percolated quantityy ian
insulating matrix as if a continuous end to endduaing chain like metal wire is just formed. Befathe
percolation, this metal wire is not continuous avad conductivity is significantly less. After thengolation,
there was only increase in the number of conduathens as if there is only increase the diametanetal
wire leading to relatively very small increase anductivity (Abd-El-Messielst al., 2013).

From Figure 10 (b), it is clear that the condutfivaluesc increases dramatically by increasing MWCNT
content to reach the order of 18 cni' for 0.05% MWCNT which highly recommend these cosifs to be
used for electrostatic dissipation applicationghasrange for such purpose is*10 10° S cm*. On the other
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hand, the values af for CNP composites are found to be in the ordet@f S cm* which recommend such
composites to be used for the anti-static appbeatias the range needed for such applicationis1®* S cm
Y(Huang, 2002).

3.5. Thermal Analyses:

Differential scanning calorimetry (DSC) was penfizd to determine the thermal transitions in theenfet
using a TA/Q1000 apparatus under nitrogen atmospéed ramp method. During DSC analysis, the samples
were heated at temperatures in the range of 30@%(@th a heating rate of 20 miri.

DSC investigated thermal characterization of #nma®els and the results are presented in Figure4?1 &

The endothermic peak at the lower temperaturenegiound 55—72Cfor all samples under investigation
is ascribed to the glass transition temperature, (&jowing information of thermal translations pélymer
chain molecules. Furthermore, the endothermic paaknd 378- 402C is related to the deformation
temperature(d) of UPER. Instead of one endothermic peak as sHowbPER matrix, both nanocomposites
exhibit a split melting endotherm into two peaks;(@nd Ty,). The presence of double-degradation peaks for the
nanocomposites may indicate the bond formation eetvillers (MWCNT&CNP) and UPER.

The Tg of UPER, UPER/0.02%MWCNTand UPER/0.04%MWONdre 52°C, 68°C, 70°C respectively.
The Tg of UPER, UPER/0.02%CNPand UPER/0.04%CNP v&€C, 58 °C, 60C.respectively. In the
presence of MWCNT& CNP nanofillers, a localized atgflization within nano-range takes place in tlosth
matrix. The nanocrystalline regions in matrix risdelly become well-ordered as well as enhance tlyzegeof
curing, which restrict the resin chain mobility time surrounding area of MWCNT leading to highemeal of
Tg as compared with those of nanocomposites loadddCNP. This was inconsistent with the elongatain
break data (Allaouit al.,2009; Seymouet al., 1973).

Thermal stability was determined by the thermovignetric analysis (TGA) with Shimadzu TGA-50H
thermal analyzer using 8-10 mg samples in nitrog@nosphere and at a heating rate of 10°C/min frém 5
500°C. TGA curves of UPER/MWCNT and UPER/CNP weegnonstrated in Figures13 &14. In this study,
TGA of both resin and nanocomposites seem to fall78 °C, indicating the emission of volatile components
such as unreacted styrene, residual solvents, merdss-linked polyester resin (Xia Ceical., 2003; Troitzsch,
1990). thermal degradation of UPER takes placeim §teps in which the onset of weight loss takesepat
about 303C.On the other hand, this degradation in composit@gs at relatively higher temperature than that
found in neat resin. Moreover, the decompositios wecurred at 3£8 for UPER/MWCNT and UPER/CNP
composites, looks different from the UPER. These ima connected to the decomposition behavior ofszro
linked resin composites. The degradation of crodsed resin has been ascribed by the dissociatiod—&
chain bonds and release of styrene at the sitésebciation (Alanet al., 2014; Abdel-Aakt al., 2008). There
was an enhancement of thermal properties at 0.@%dth fillers. MWCNT has high thermal properteasd
high char yield more than carbon nanoparticles asnention above. Thed357, 354), (390, 383)and the
residue content at 500 (7.9,7.8) for UPER/MWCNT and UPER/CNP compositespectively. This fact is
suggested to be due to either by the bond formatiooy the barrier effect of rigid MWCNTS, whickristly
hindrance the thermal motion of the cross-linkeditctsegments in UPER/MWCNT composites. (Bea@l.,
2015) (Tablel &2).

Conclusion:

MWCNTs and CNP/ unsaturated polyester nanocongmsgiere successfully produced by using sonication
process technique. It was found that the incorpmradf very low amount of MWCNTS into the resin &ym
induced an electrical conduction in the resultisgpacomposites more than CNPs nanofiller. The irstngain
tensile strength and hardness are due to the siogean nanofiller loading of both fillers up to0d%. DCS was
confirmed the interaction between UPER and namofillwhich has effect on the thermal properties. TGA
analysis exhibits covalent bond formation and ameased thermal degradation temperature for MW Caits
CNP/ unsaturated polyester nanocompositesas cothpatteneat resin.
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