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Mechanical Characterization of Graphite and Graphene / Vinyl-Ester
Nanocomposite Using Three Point Bending Test
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This paper analyses the influence of carbon filler content over the mechanical properties of vinyl ester
nanocomposite. The carbon fillers used in this study were graphite and graphene nano sized particles in the
following weight percentage: 0.10, 0.15 and 0.20. The mechanical properties such as modulus of elasticity,
flexural stress and flexural strain were determined using  three point bending tests.A significant enhancement
of overall mechanical properties were achieved for some of the nanocomposite materials studied.
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Trend in recent years has been for researchers to use
nano-scaled particles to reinforce polymers in order to
obtain materials with enhanced properties[1-10]. Different
types of nano particles were used as filler in polymer matrix
to obtain better properties. Several studies reported
significant changes in properties such as mechanical,
optical, electrical, thermal by using clay, graphite, graphene
and carbon nanotubes as filler in thermosetting polymer
matrix  [11-21].

Improving the overall properties of resulted materials
by addition of filler to a polymer matrix is requesting using
nanoparticle due to its high contact surface but paying
attention to the degree of dispersion of the filler in matrix
system. It is well known the tendency of nanoparticle to
agglomerate and to form clusters which is a challenge for
the researcher to avoid this occurrence [22]. Since its
discovery, graphene became one of the most promising
materials. Was reported in literature that by the addition of
small amount of graphene nano particle to polymer matrix
can be obtained significant enhancement of the overall
properties [23-26].

 Vinyl ester resin is used for many applications due to its
strength and durability, very low viscosity and the ability to
cure at ambient temperature [27].  Vinyl ester is more
suitable for application that required better chemical
resistance and physical properties than polyesters.

Experimental part
The vinyl ester resin type Polimal VE-11 M was used as

matrix phase. The graphite and graphene used as filler into
the vinyl ester matrix were purchased from Cheap Tubes
Inc. Company. The diameter of carbon nanoparticles was
approximately 2-4 µm with more than 97 wt.%  purity.
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The mechanical mixing method used to obtain graphite
and graphene / vinyl-ester nanocomposite materials
consist in the following: progressive addition of carbon
nanoparticle in polymer matrix followed by magnetic
stirring at room temperature for one hour at 600 rot/min to
obtain a good homogenization;  starting the polymerization
using methyl-ethyl-ketone peroxide as initiator; to avoid
the agglomeration, the mixture was exposed to ultrasonic
waves for 5 min; after degassing the mixture, the materials
was poured into mold which consist of ten parallelepiped
spaces that provide ten specimens at each pouring. For
every batch were used three mold with ten parallelepiped
spaces.

In order to achieve a complete curing of resulted
composite material, all the specimen were introduced in
the oven and kept 8 h at 80 degree Celsius.

Parallelepiped specimens with 8 mm width, 4 mm
height and 40 mm length were obtained by pouring in
special dimensioned mold. A total of minimum 25 samples
for each materials has been obtained. Five samples of each
material were tested for all testing speeds. The mechanical
properties characterization has been done using the three
point bending test according to ASTM D790, that provides
values for the modulus of elasticity, flexural stress and
flexural strain. The Instron machine type 8800 was used
for testing the materials. The tests were performed with a
constant strain rate of 1, 5 10 25 and 50 mm/min.

Results and discussions
According to the standard requirements, all test were

performed on at least five specimens. The results for
modulus of elasticity, flexural stress and flexural strain
determined using 3-point bending tests are synthesized in
the figures 1 to 6. In the tables 1 to 3 are presented the

Fig. 1. Modulus of Elasticity for graphite/vinyl ester
nanocomposite with following weight percentage

filler: 0.10, 0.15 and 0.20 tested with a constant strain
rate of 1, 5, 10, 25 and 50 mm/min
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increasing /decreasing of the obtained values for modulus
of elasticity, flexural stress and flexural strain of
nanocomposites tested compared with the neat vinyl ester
polymer.

The highest values of modulus of elasticity of the
VE+graphite nanocomposite were obtained for 0.10 wt.%
at 10 and 25 mm/min with 3480 MPa and 3399.4 MPa
(fig.1). Compared to the modulus of elasticity of neat vinyl
ester the maximum increasing is obtained by 0.10 wt.%
graphite at 1 mm/min speed test of about 25%. The lowest
values are obtained by 0.20 wt.% graphite nanocomposite
at 50 mm/min (table 1).

 All the other values of modulus of elasticity shows an
increasing compared to neat vinyl ester with the exception
of 0.20 wt.% nanocomposite which decreased with about
1.96%% at 1 mm/min and with 16.15% at 10 mm/min
speed test.

In the case of graphene based vinyl ester nano-
composite, the highest values of modulus of elasticity were
obtained for 0.15 wt.% graphene at 10 mm/min test speed
with 4533 MPa followed by 0.20 wt.% concentration of
graphene at 10 and 25 mm/min with 4118 MPa and 4112
MPa respectively (fig. 2). The lowest values of modulus of
elasticity were obtained for 0.10 wt.% graphene at 25 mm/
min test speed with 3026 MPa. Overall, the nanocomposite
materials of vinyl ester with graphene presents higher
values of modulus of elasticity compared with neat vinyl
ester for all studied concentrations and test speed (table
1)

In figure 3 can be observed that the highest values of
flexural stress of the VE+graphite nanocomposite were
obtained for 0.10 wt.% at 1 mm/min with 64 MPa and 0.15
wt.% at 25 mm/min with 60 MPa. Compared to the flexural

Fig. 2.  Modulus of Elasticity for graphene/vinyl ester
nanocomposite with following weight percentage filler:

0.10, 0.15 and 0.20 tested with a constant strain rate
of 1, 5, 10, 25 and 50 mm/min

Table 1
THE COMPARISON OF MODULUS OF

ELASTICITY OF  VINYL ESTER / GRAPHITE
AND GRAPHENE NANOCOMPOSITE WITH

NEAT VE

Fig. 3.  Flexural stress for graphite /vinyl ester
nanocomposite with following weight percentage filler: 0.10,
0.15 and 0.20 tested with a constant strain rate of 1, 5, 10, 25

and 50 mm/min

Fig. 4. Flexural stress for graphene /vinyl ester
nanocomposite with following weight percentage

filler: 0.10, 0.15 and 0.20 tested with a constant strain
rate of 1, 5, 10, 25 and 50 mm/min
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stress of neat vinyl ester the maximum increasing is
obtained at 50 mm/min speed test for all graphite
concentration with more than 200% increasing. The lowest
values are obtained for 0.20 wt.% graphite nanocomposite
at 5 mm/min (table 2). An increasing of flexural stress
values for all VE /graphite nanocomposite are obtained for
1 and 50 mm/min test speeds. Better results are also
obtained for 0.15 wt.% graphite for all test speeds studied,
compared with neat vinyl ester. The 0.20 wt.% graphite
content show a decreasing for testing speed of 5, 10 and
25 mm.min most probably due to aglommeration of the
graphite particles.

Fig. 5. Flexural strain for graphite/vinyl ester
nanocomposite with following weight percentage filler:
0.10, 0.15 and 0.20 tested with a constant strain rate of 1,

5, 10, 25 and 50 mm/min

Fig. 6.  Flexural stress for graphene/vinyl ester
nanocomposite with following weight percentage filler:

0.10, 0.15 and 0.20 tested with a constant strain rate of 1, 5,
10, 25 and 50 mm/min

Figure 4 present the result for vinyl ester/graphene
composites regarding flexural stress. Except for 0.10 wt.%
graphene content that present a decreased of flexural
stress at 5 and 25 mm/min all the other results for VE /
graphene composite are increased compared to neat
polymer. The maximum  increased values is about 482 %
for 0.20 wt.% content at 50 mm/min speed.

The highest values of flexural strain of the VE+graphite
nanocomposite were obtained for 0.10 wt.% at 1 mm/min
and 0.15 wt.% at 25 mm/min and the lowest values for
0.20 wt.% at 50mm/min (fig. 3). Vinyl ester/ graphene
nanocomposite show a maximum of flexural strain for

Table 2
THE COMPARISON OF FLEXURAL STRESS OF

VINYL ESTER / GRAPHITE AND GRAPHENE
NANOCOMPOSITE WITH NEAT VE

Table 3
THE COMPARISON OF FLEXURAL STRAIN

OF  VINYL ESTER / GRAPHITE AND
GRAPHENE NANOCOMPOSITE WITH

NEAT VE

Fig. 8. SEM images of vinyl ester / graphene 0.20  wt. %
nanocomposite

Fig. 7. SEM images of vinyl ester / graphite 0.10 wt. %
nanocomposite
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0.15 wt.% at 25 mm/min and a minium for 0.10 wt.% at 1
mm/min (fig. 4) (table 1).

 SEM images of the specimens of vinyl ester / 0.10 wt. %
graphite nanocomposite and vinyl ester / 0.20 wt. %
graphene nanocomposite are presented in figure 7 and 8
showing the morphological aspects. It is observed the
presence of graphite and graphene respectively throughout
the entire mass of the polymer matrix. It also noticeable
the cluster formation of carbon nanoparticles.

Conclusions
 Nanocomposite materials formed by addition of

graphite and graphene nanoparticle to the vinyl ester
thermosetting polymer matrix has been fabricated and
characterized for their mechanical properties. The filler
content and testing speed influence on mechanical
properties have been studied by three point bending test. It
has been found that the modulus of elasticity of vinyl ester
/ graphene and graphite nanocomposite increased
compared to neat vinyl ester in all testing condition except
for 0.20 wt. % graphite content at 1 and 10 mm/min test
speed. The maximum values has been achieved for 0.10
et.% graphite at 1 mm/min and 0.15 wt. % graphene at 10
mm/min.  Improvement of flexural stress  was obtained
for all nanocomposite tested at 1 and 50 mm/min speed. A
good behaviour was obtained for 0.15 wt.% graphite for all
speed test. By the experimental results can be concluded
that by addition of small content of carbon nanoparticle
such as graphite and graphene to vinyl ester matrix can be
obtained an improvement of the overall mechanical
properties.

Acknowledgements: The work of Georgel Chirita was supported by
Project SOP HRD /159/1.5/S/138963 – PERFORM

References
1.D. AKIN, A. KASGOZ, and A. DURMUS, “Quantifying microstructure,
electrical and mechanical properties of carbon fiber and expanded
graphite filled cyclic olefin copolymer composites,” Compos. Part A
Appl. Sci. Manuf., vol. 60, pp. 44–51, 2014.
2.M. R. AYATOLL AHI, S. SHADLOU, M. M. SHOKRIEH, and M.
CHITSAZZADEH, “Effect of multi-walled carbon nanotube aspect ratio
on mechanical and electrical properties of epoxy-based
nanocomposites,” Polym. Test., vol. 30, no. 5, pp. 548–556, 2011.
3.Z. SPITALSKY, D. TASIS, K. PAPAGELIS, and C. GALIOTIS, “Carbon
nanotube-polymer composites: Chemistry, processing, mechanical
and electrical properties,” Prog. Polym. Sci., vol. 35, no. 3, pp. 357–
401, 2010.
4.V. CHOUDHARY and A. GUPTA, “Polymer / Carbon Nanotube
Nanocomposites,” 2001.
5.J. M. WERNIK and S. a. MEGUID, “Recent Developments in
Multifunctional Nanocomposites Using Carbon Nanotubes,” Appl.
Mech. Rev., vol. 63, no. 5, p. 050801, 2010.
6.D. R. PAUL and L. M. ROBESON, “Polymer nanotechnology:
Nanocomposites,” Polymer (Guildf)., vol. 49, no. 15, pp. 3187–3204,
2008.
7.J. NJUGUNA, K. PIELICHOWSKI, and J. Fan, Advances in Polymer
Nanocomposites. Elsevier, 2012.
8.K. I. WINEY and R. A. VAIA, “Polymer Nanocomposites,” MRS Bull.,
vol. 32, no. 04, pp. 314–322, 2007.
9.G. ANDREI, D. DIMA, and L. ANDREI, “Lightweight magnetic
composites for aircraft applications,” J. Optoelectron. Adv. Mater.,
vol. 8, no. 2, pp. 726–730, 2006.

10.A. CIRCIUMARU, I. BIRSAN, G. ANDREI, and I. POSTOLACHE, “Some
Properties of a Special Type of Reinforced Composites With Filled
Epoxy,” vol. 8, no. 1, 2010.
11.F. WANG, L. T. DRZAL, Y. QIN, and Z. HUANG, “Mechanical properties
and thermal conductivity of graphene nanoplatelet/epoxy composites,”
J. Mater. Sci., vol. 50, no. 3, pp. 1082–1093, 2014.
12.M. M. SHOKRIEH, A . R. KEFAYATI, and M. CHITSAZZADEH,
“Fabrication and mechanical properties of clay/epoxy nanocomposite
and its polymer concrete,” Mater. Des., vol. 40, pp. 443–452, 2012.
13.J. Y. KIM, D. K. KIM, and S. H. KIM, “Effect of modified carbon
nanotube on physical properties of thermotropic liquid crystal
polyester nanocomposites,” Eur. Polym. J., vol. 45, no. 2, pp. 316–324,
Feb. 2009.
14.X.-J. SHEN, X.-Q. PEI, S.-Y. FU, and K. FRIEDRICH, “Significantly
modified tribological performance of epoxy nanocomposites at very
low graphene oxide content,” Polymer (Guildf)., vol. 54, no. 3, pp.
1234–1242, Feb. 2013.
15.A. T. SEYHAN, M. TANOÐLU, and K. SCHULTE, “Tensile mechanical
behavior and fracture toughness of MWCNT and DWCNT modified
vinyl-ester/polyester hybrid nanocomposites produced by 3-roll
milling,” Mater. Sci. Eng. A, vol. 523, no. 1–2, pp. 85–92, Oct. 2009.
16.J. Y. KIM, S. Il HAN, and S. HONG, “Effect of modified carbon
nanotube on the properties of aromatic polyester nanocomposites,”
Polymer (Guildf)., vol. 49, no. 15, pp. 3335–3345, Jul. 2008.
17.J. R. POTTS, D. R. DREYER, C. W. Bielawski, and R. S. Ruoff,
“Graphene-based polymer nanocomposites,” Polymer (Guildf)., vol.
52, no. 1, pp. 5–25, 2011.
18.A. T. SEYHAN, F. H. GOJNY, M. TANOÐLU, and K. Schulte, “Critical
aspects related to processing of carbon nanotube/unsaturated
thermoset polyester nanocomposites,” Eur. Polym. J., vol. 43, no. 2,
pp. 374–379, Feb. 2007.
19.M. AURILIA, L. SORRENTINO, and S. IANNACE, “Modelling physical
properties of highly crystallized polyester reinforced with multiwalled
carbon nanotubes,” Eur. Polym. J., vol. 48, no. 1, pp. 26–40, Jan. 2012.
20.B. AHMADI-MOGHADAM, M. SHARAFIMASOOLEH, S. SHADLOU, and
F. TAHERI, “Effect of functionalization of graphene nanoplatelets on
the mechanical response of graphene/epoxy composites,” Mater. Des.,
vol. 66, pp. 142–149, 2015.
21.ANDREI, G., DIMA, D., BIRSAN,  I., ANDREI L., Effect of Ferrite
Particles on Mechanical Behaviour of Glass Fibers Reinforced Polymer
Composite,Mat Plast., 46, no. 3, 2009, p. 284
22.D. DIMA, M. MURARESCU, and G. ANDREI, “Dispersion of Carbon
Nanotubes Coated With Iron ( Iii ) Oxide Into Polymer Composite
Under Oscillating Magnetic Field,” Dig. J. Nanomater. Biostructures,
vol. 5, no. 4, pp. 1009–1014, 2010.
23.D. GALPAYA, “Recent Advances in Fabrication and Characterization
of Graphene-Polymer Nanocomposites,” Graphene, vol. 01, no. 02,
pp. 30–49, 2012.
24.S. G. PROLONGO, R. MORICHE,  a. Jiménez-Suárez, M. Sánchez,
and  a. Ureña, “Advantages and disadvantages of the addition of
graphene nanoplatelets to epoxy resins,” Eur. Polym. J., vol. 61, pp.
206–214, 2014.
25.T. KUILLA, S. BHADRA, D. Yao, N. H. Kim, S. Bose, and J. H. Lee,
“Recent advances in graphene based polymer composites,” Prog.
Polym. Sci., vol. 35, no. 11, pp. 1350–1375, 2010.
26.V. SINGH, D. JOUNG, L. ZHAI, S. DAS, S. I. KHONDAKER, and S.
SEAL, “Graphene based materials: Past, present and future,” Prog.
Mater. Sci., vol. 56, no. 8, pp. 1178–1271, 2011.
27. A. PLASEIED and  A. FATEMI, “Tensile Creep and Deformation
Modeling of Vinyl Ester Polymer and Its Nanocomposite,” J. Reinf.
Plast. Compos., vol. 28, no. 14, pp. 1775–1788, 2009.

Manuscript received: 6.11.2015


