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Received 21°'Jan. 2018 Polymeric materials and their composites have attracted an increasing attention because of their great
Accepted 3" June 2018 sjgnificance. This study includes the preparation of composites of carbon nano-particles/Polypyrrole
(CB/PPY) embedded in Ethylene-vinyl acetate copolymer (EVA) with different contents of 0, 5, 10, 15,
20 and 30 parts per hundred parts by weight of polymer (pph). X-ray diffraction (XRD) was utilized to
characterize the structure of the prepared composites. Thermal analysis including differential scanning
calorimetry (DSC) and thermogravimetric analysis (TGA) were carried out to detect the miscibility
degree of the composites and their thermal stability. The Gordon — Taylor equation was modified to fit
the experimental values of the glass transition temperatures (Tg) at low and high contents of CB/PPY.
The obtained values of T, showed complete miscibility of most of the composites. From XRD
measurements, the crystallinity of the composites was found to be decreased by embedding (CB/PPY)
into EVA. The curves of TGA show more thermal stabilities for the composites compared to the pristine

EVA.
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Introduction

To acquire composites with modified physical
properties to be applicable in industry, polymer
blending and/or additive with filler can be
promising candidates for this purpose. DSC and
TGA techniques are widely used to measure the
thermal properties and the blending polymers and
embedding them with filler [1]. Homo-polymers,
copolymers and also polymer blends can be
characterized by a significant parameter known as
glass transition temperature (T,) obtained by DSC
measurements [2]. Transferring from glassy state
to rubbery state does not occur_abruptly but
gradually, so it is better to describe (T,) as glass
transition region instead of glass transition

temperature. The gradualism from glassy state to
rubbery state means that the phenomenon of (T,)
covers broad temperature windows but the
experimentalists prefer to report only a single
value of (Ty) to facilitate comparisons between
different binary polymer blend concentrations [3].
Determining (T,) values of the polymer blend,
enables knowing its state of being immiscible or
compatible or fully miscible (single value of T,)
[4]. Characterizing the structure and understanding
the possible physical properties that occur at the
interface of materials can be investigated by
(XRD). XRD is considered as the main technique
in evaluating the crystallinity index and also
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analyzing the structure of polymer blends and
nanocomposites [5].

Carbon-based polymers are considered as
insulators. This makes these materials good
candidates for use in the electronic industry.
Interestingly, carbon nanoparticles as well as
conducting polymers (CPs) have exhibited novel
and wonderful properties. Novel multifunctional
materials, employed in different applications, have
been created from composing CPs with carbon
nanoparticles. Low cost, excellent conductivity,
high physicochemical stability are some features
that enable Polypyrrole (PPy) to be one of the most
important conductive polymer which are applied as
batteries, conductive fibers, gas sensors, super
capacitors and  photovoltaic  cells [6,7].
Nevertheless, PPy suffers from poor strength and
insolubility; therefore PPy is included in blend or
composite  preparation to overcome these
limitations [8].

This work is concerned with studying the structure
and thermal analysis of CB/PPy embedded in
ethylene-vinyl acetate copolymer (EVA) to form
composites of different components. EVA is a
random copolymer created from ethylene
monomer and vinyl acetate (VAc) where the ratio
of the two components play an important role in
modifying the properties of EVA. In this regard,
EVA becomes further akin to polyethylene and
being able to crystal when the content of (VAC) is
low, whereas with a high content of (VAc), the
polyethylene chains packing in the crystal lattice
are averted because of the extreme pendent
acetoxy [1]. Kamath and Wakefield [1] have
reported that 43% by weight of (VACc) content can
produce amorphous and rubber-like EVA. Because
of its low cost, excellent barrier and electrical
properties, EVA has been used in different
applications as corrosion protection, encapsulation
and many other engineering plastics [9].

In the present work, the main objective is to
modify the thermal properties of EVA. The
miscibility of CB/PPy with EVA was examined
through DSC measurements and the values of T,of
their composites were estimated theoretically and
compared with the experimental one. It was so
important in this work to test and modify different
theoretical models to fit the experimental values of
T, of the composites depending on the content of
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CB/PPy. The effect of CB/PPy content on the
crystalline microstructure of the hosting polymer
was studied by XRD. The crystallinity, the grain
size and some other parameters were deduced from
the XRD pattern to get more information about the
hosting polymer (EVA) structure changes in its
different composites. The thermal stability was
also tested for the prepared samples from the TGA
analysis.

Experimental Details

Materials and preparations of samples

Both EVA (12% VA), in the form of pellets and
carbon nano-particles / Polypyrrole (CB/PPY)
were purchased from Aldrich Company. EVA was
melt-mixed at a temperature of 80°C, and a speed
of 80 rpm for 5 minutes. Then CB/PPY was added
and the mixing lasted for another swing. CB/PPY
was mixed with EVA with different contents of 0,
5, 10, 15, 20 and 30 parts per hundred parts by
weight of polymer (Php). The resultant mixtures
were sheeted on a two roll mill at 60°C. The
produced sheets were compression molded
between smooth Teflon sheets at a temperature of
110°C and a pressure of 5 (MPa) in an electrically
heated press (type carver M-154). To ensure
predetermined sheet size, the hot pressed sheet was
cold pressed afterward in another press at the same
pressure and cooled with water.

Thermal analysis

Differential Scanning Calorimetry (DSC) and
Thermal Gravimetric Analysis (TGA)
measurements were effective tools for analyzing
thermally EVA and its composites with (CB/PPYy).

DSC Measurement

Differential ~ Scanning  Calorimeter ~ model
Shimadzu DSC-50 was used to investigate the
behavior of thermal transition for all samples in a
range of temperatures from -50° C to 350 °C. The
scanning was examined under nitrogen atmosphere
at a heating rate 10° C/min and an average weight
of 1.75+0.501 (mg).

TGA Measurement

TGA was carried out using a Shimadzu TGA-50
Thermo gravimetric analyzer. The measurements
were taken under an atmosphere of nitrogen with a
flow rate of 30 ml/min, at temperatures between 20
and 550°C and a heating rate of 10 °C/min. The
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initial weight of the samples was around 10-11mg
for each one.

XRD Measurement

The samples were characterized by XRD, with Cu
Ko radiation (A= 1.5405 °A) (type Philips X’Pert
Diffractometer) and a scan rate of 25
(degree/min). The measurements were examined in
a scan range from 15°to 80°.

Results and Discussion

DSC Analysis

Information about the values of Ty, melting point
(T and their enthalpies (AH) can be determined
by analyzing DSC curve. Figurel illustrates DSC
curves of pristine EVA and its composites with
CB/PPy. A step transition was detected in which
its midpoint in this case is corresponding to the
glass transition temperature of the composites. The
determined values of T, were in the temperature
range from 54.09 °C to 57.8 °C for both of the
pristine EVA and the highest content of CB/PPy
embedded in EVA, respectively.

Generally, in a miscible blend, the value of Ty of
one homopolymer changes towards the value of
the Ty, of the other. However, the glass transition
of a homopolymer in an immiscible blend remains

approximately as its bulk value regardless of the
composition [10]. In this study, the composition
glass transition temperature has nearly the same
value of the hosting polymer (EVA), as seen in
Table (1) which gives an indication of complete
miscibility of the composites, except for the
composite with 20 (pph) which has a considerable
change inits T,
Due to the importance of glass transition
phenomenon, many approaches have already been
investigated, based on thermodynamic or kinetic
features of T, to consider a theoretical base for
models presently used to estimate T, of binary
polymer blends from knowledge of properties of
their homopolymers [3, 11]. One of these models
is the Fox equation for a binary system 1 and 2 [4,
12]:
1 _owy (1-wq)
T, (Fox) Ty + Ty2 (1)

Where T, pertains to the blend, Tg;is corresponding
to the component i and w; is the mass (weight
fraction) of the component i in which w, = 1-w;.
Another way to estimate T, of a binary polymer
blend is by Gordon Taylor (GT), Eq. 2:

Tg (GT) = w1Tg1+(1-w1)ker Tg2 @)

w1 +(1-wq)kgr
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Figure (1) DSC curves of different contents of CB/PPY (pph) embedded in EVA
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Where Kgr is a parameter estimated from the
experimental data and it represents unequal
contributions of constituent to the blend. Figure (2)
illustrates a comparison between the experimental
and the estimated theoretical values of T, of the
composites by using EVA (T4= 54.09°C) and the
corresponding values of CB/PPy (Tg,= 105°C as
measured in the lab and is not included here).
These results seem plenty for manifestation of
utility of Fox and Gordon Taylor equations up to
the highest contents of CB/PPy embedded in EVA
(20 and 30 pph) where it fails. In other words, Fox
and Gordon-Taylor equations can be satisfactory in
“very well behaving” miscible/partial miscible
system for low CB/PPy content [4]. It was
essential to modify the Gordon Taylor equation to
fit the highest values of the CB/PPy. The
parameter Ker in Gordon Taylor equation could be
replaced by the polynomial fit equation which
describes the dependence of T, on the mass
fraction of the component as following:

Tg (GTmodified ) =
w1Tg14[bo +b1(1—w1)+by (1-w1)?+b3(1-w1)3](1-w1)Ty,

wi+(1=wq)[by +b1 (1—w1)+by (1—w1 )2 +b3(1-w1)3]

3)

Where b, = 1.6196, b;= -23.84995, b,= 160.43272
and b;= -322.719. Figure 2 illustrates the validity
of the modified equation of Gordon Taylor for low
as well as high contents CB/PPy compared with
both the Fox and unmodified Gordon- Taylor
equations.

Alternatively, the heat flow rate into the sample is
obtained from the following relation [13]:

—e—T (exp) -

834 [ T (Fox) R
Fo- T (GT) T

——/_\.--T;mndiﬂed (GT)

)

Glass transition temperature, T (DC)

57 gt E
56 & . 4
e
55 H 4
; 1IEI 1‘5 2I[I 2‘5 SI[I
CB/PPy content (pph)
Figure (2) For CB/PPY and EVA depending on

composition, the estimated values of T, from (o)
experimental measurements, (V) Fox equation, calculated
by equation 1, (0) Gordon Taylor equation, calculated by
equation 2 and (A) modified Gordon Taylor equation,
calculated by equation 3.
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dH dT

E = me E (4)
Where C,, is the specific heat in (J/g °C), Z—;’ is the
heat flow rate in (J/gram.sec), m is the mass of the

. ar . .

sample (in grams) and = is the heating rate in
(°Clsec). The calculated values of C, are given in
Table (1). It is illustrated that increasing the
content of (CB/PPY) embedded in EVA causes a
decrease in the values of the specific heat (C,) for
the composites. This may be attributed to the role
of the embedded (CB/PPy) that can inhibit the
cooperative motion of an amorphous matrix part
and consequently it does not allow this part to
contribute in the Ty phenomenon [14].
Recognizing the purity degree of a specimen and
its nature can be provided by determining an
endothermic melting point temperature which
shows a change in its shape and area under
endotherm depending on the nature of the tested
material. Examining the extent to which CB/PPy
content could affect the crystallization and T,, of
the pristine EVA and composites were
comprehend during heating process of DSC
measurement.

The characteristic data obtained from DSC curves
including, peak of melting temperature (T.), final
melting temperature (T.,), melting enthalpy (AH,,)
and the crystallinity degree on melting (X,,) are
summarized in Table 1. Figure(3) illustrates an
obvious decrease in the values of final (Tf) and
peak (TP) melting temperature by increasing
CB/PPy content of all composites. This behavior
can be deduced from the slopes of these melting
temperatures against the CB/PPy content while
they are approximately parallel to each other.
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4 final ]

106 o
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Figure (3) The peak and final values of melting point, T,
of different contents of CB/PPy embedded in EVA

Melting tem perature, T_{"C)
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Generally, linear polyethylene has the ability to be
crystallized from its melt into lamellar structures.
The melting temperature of these lamellar crystals
is depressed below the equilibrium melting
because of being extremely thin. Consequently, the
distribution of the lamellar thicknesses in a
crystallized sample can be known from the
detected melting point [15]. So, the observed
decrease in the T, by increasing the CB/PPY
content in EVA can be a result of decreasing the
thickness of lamellar. This result can be verified
from Figurel which shows that EVA with the
highest melting temperature (T} = 92.48°C) is the
sharpest among all the composites. The wide range
of Ty, , which results in obtaining a wide size
distribution of the crystallities' by increasing the
CB/PPy content in EVA, was a reason of
incapability of detecting the onset T,

One of the most important essential
thermodynamic properties of materials is the
enthalpy (AH) which is known to be temperature
dependent and the altering of its value due to phase
change is also a temperature dependent [16]. The
enthalpy change (AH) can be determined for a
phase transition by integrating over the area in
which this transition takes place on the DSC curve
[17]. From Table 1, it can be seen that the
magnitude of the integrated melting temperature
peak gives melting enthalpy, AH,, for EVA to be
33.02 (J/g) which decreased to be 13.78 (J/g) for
the highest CB/PPy content 30 (pph) embedded in
EVA. The crystallinity (X,,)on melting was
calculated for all samples using the following

relation [17]:

AH,,
Xm = mx 100% (5)

Where (f) is the weight fraction of CB/PPy into the
composite and AHJ, is the melting enthalpy of
100% crystalline of EVA 14 (63.9 J/g) as reported
previously [1]. The tabulated values of (X,,) as
observed in Table 1 were affected by CB/PPy
content in which (X,,) was decreasing by
increasing its content in EVA. The attitude of
(AH,,) is correlated to that of (X,,,) as both of them
was CB/PPy content dependent.

Themogravimetric analysis (TGA)

Thermal degradation behavior of EVA and its
composites with CB/PPY was examined by TGA
as shown in Figure4. The pristine EVA and its
composite embedded by the highest content of

CB/PPY show weight loss of 12.76% and 15.84 %,
respectively, in the first stage that started at 180°C
then followed by thermal stability at the second
stage. More significant weight loss of 85.2 % and
65.67 % were determined for EVA (above 380°C)
and its composite embedded by the highest content
of CB/PPY (above 420°C), respectively.

The TGA curves for EVA as well as its composites
are also shown in Figure4. Obviously, the recorded
themogravimetric plots for all samples show
clearly two degradation regions which suggest the
coexistence of more than one degradation process.
All tested samples show weight loss of (12.76 —
15.84) % for the first decomposition stage and
more significant a weight loss (85.2 — 65.67) % for
the second decomposition stage. The change in
weight loss reaches its maximum value for pristine
EVA while the value of its composite embedded
by the highest content of CB/PPy shows the
minimum decomposition. This means that the
composite of 30 (Php) of CB/PPy embedded in
EVA shows more thermal stability.

100 -

80 —

80 -

40 -

Weight (%)

4 —=—ZEro

—+—5 pph
20 10 pph
1 —=—15 pph

20 pph
b9 —«—30 pph ]

1DID ZDIU 30‘0 40‘0 500
Temperature (°C)
Figure(4) TGA thermograms of EVA embedded with
CB/PPy (pph)

The lower values of weight loss % in the first stage
can be attributed to the presence of a thermal
process due to moisture evaporation from samples.
This behavior can be ascribed to splitting or
volatilization of small molecules in which weight
loss varies between 12.76% and 15.84% and
begins at ~ 200°C. This lower value of weight loss
may suggest that the transitions observed in the
corresponding temperature range of the earlier
discussion of DSC spectra can explain the
existence of a physical transition [18].
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The TGA curves cover a wider temperature range
(180°C - 550°C), which includes the melting
points as a physical transition and the degradation
temperatures of homo polymers. Therefore, the
higher values of weight loss in the second
decomposition stage indicate the existence of a
chemical degradation process resulting from bond
scission (carbon-carbon bonds) in the polymeric
backbone. The degradation behavior of the
composites is an intermediate between that of the
pure components. It must be noted that the sample
of composition 15 (pph) of CB/PPy embedded in
EVA presents a high strength of bonding due to
crosslink formation, since little amounts of weight
loss in the first decomposition region are recorded.
Above this concentration, the compositions
become more thermally stabile and the maximum
loss was observed at a temperature of ~ 470°C
which is greater than the corresponding
temperature for one of the pristine EVA by about 9
°C.
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The difference in the thermal decomposition
behavior of EVA and its composites with CB/PPy
can be understood from the derivative
thermogravimetric (DTGA) curves as shown in
Figure(5). DTGA curves show broad and sharp
peaks corresponding to the first and second
decomposition regions, respectively. It was
observed that, the peak temperatures of DTGA
curves in both decomposition regions of the
composites was affected by increasing CB/PPy
content embedded in EVA, as seen in Table (2).
This behavior indicates that the thermal stabilities
of EVA were enhanced by increasing the
embedded content of CB/PPy. This stability can
suggest the capability of using the composites in
commercial applications for item production via
melt processing techniques. Figure(6) shows the
relation between residue (%) and CB/PPy content.
One can see that the residue (%) increases up to
the composition of 5 (pph) of CB/PPy then it
decreases followed by a nearly stabilization region
then it starts to increase for CB/PPy content > 20

(pph).
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Figure (5) DTGA thermograms of EVA and its composites with CB/PPy in a range of temperature (a) from 100 to 400°C
and (b) from 400 to 550 °C
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Table (2) Maximum degradation and residue (%) of CB/PPy embedded in EVA

Weight Residue T max Peak %
% of
CB/PPy
0 2.13 461.3 31.08
5 8.80 461.9 32.39
10 5.72 466.5 35.99
15 11.46 473.8 36.74
20 11.98 470.4 37.55
30 18.58 469.3 46.14
20 T T T T T T T
18 — - -
18 e . .
14 L7 ’ -
g1.2— '__,,———--_.FF--ZJ .
E 10 — L7 - _|
% ] |
o5 E _|
w - e
2] m ]
0 T T T T T T T T T T T T
0 5 10 18 20 285 20

CBIPPY (pph)

Figure (6) The relation between residue (%) and CB/PPy content embedded in EVA

X-Ray diffraction analysis

Polymers are not completely crystalline as they do
not have a wholly ordered crystal lattice because
they contain both amorphous and crystalline
regions. Therefore, the pattern of XRD is expected
to be formed from both diffused (amorphous
region) and sharp patterns (crystalline region) [19].
Considering the XRD analysis shown in Figure(7),
one notes that the position in 20 of every probable
Bragg reflections are shown in the XRD pattern of
pristine EVA and its composites with different
contents of CB/PPy. The appearance of the peaks
at 26 of 21.6 +0.15° and 23.8 + 0.19° is attributed
to the scattering polypyrrole chains at the
interplanar spacing according to the previous
literature [20]. The broad X-ray peaks indicate the
high disorder of PPy matrix and also that the
chains of PPy have short range arrangement [21].

Additionally, the X-ray spectra showed a strong
reflection peak at 20 = 16.9°, which is

characteristic to EVA, and this was also present in
all composites around the same angle [22]. For all
EVA containing composites, the XRD patterns
showed a peak at 20 = 21.5° related to the
crystalline region of EVA, while a weak peak at 26
= 23.64 ° was assigned to its amorphous region.
The positions of these peaks which are
characteristic EVA did not shift significantly
compared to the corresponding peaks in the
composites. This confirms that creation of
composites by addition of CB/PPy to EVA did not
change the crystalline structure of the hosting
polymer EVA [23].

In this study, it was found that CB shared its
characteristic peak, centered approximately at 26
of 23.8° + 0.19 with both of PPy and EVA, for all
composites [24]. For all the components of the
composites, their main characteristic peaks of the

Arab J. Nucl. Sci. & Applic. VVol. 51, No. 4 (2018)
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Figure (7) X-ray diffraction pattern of different contents of CB/PPy embedded in EVA

XRD pattern located at 26 of 16.9 £ 0.16 (012),
21.6 +0.15 (022) and 23.8 £0.19 (113) which have
d-spacing of 5.241, 4.129, and 3.760 °A,
respectively, and Lattice constant, a, of 11.719,
11.678 and 12.471°A, respectively.

In this study, it was found that CB shared its
characteristic peak, centered approximately at 20
of 23.8° £ 0.19 with both of PPy and EVA, for all
composites [24]. For all the components of the
composites, their main characteristic peaks of the
XRD pattern located at 26 of 16.9 £ 0.16 (012),
21.6 +0.15 (022) and 23.8 £0.19 (113) which have
d-spacing of 5.241, 4.129, and 3.760 °A,
respectively, and Lattice constant, a, of 11.719,
11.678 and 12.471°A, respectively.

The crystallinity fraction of the grain was deduced
from the ratio of integrated area of crystalline peak
(A) to the total integrated areas of all peaks (Avwtar)
according to the following equation [25]:

(%) = A;‘;l x 100 (6)

The values of y (%), as shown in Table (3),
showed CB/PPy content dependence, in which y
(%) is decrease by the addition of CB/PPy.
Moreover, a decrease in the relative intensities of
these characteristic peaks of composites by
increasing the content of CB/PPy embedded in
EVA, as seen in Figure(8), can be understood as a
decrease in their overall crystallinity [23].

Arab J. Nucl. Sci. & Applic. VVol. 51, No. 4 (2018)

The average grain sizes (D, in nm) of all
samples were calculated according to the well
known Debye Scherrer formula [26,27]:

kA
- B(cos8) (7)

Where A is X-ray wavelength, B is the full width at
half maximum (FWHM, in radian), 6 is the Bragg
angle and k is the Scherrer factor which equals to
0.9 and it also depends on the Miller index of the
reflecting crystallographic planes and the shape of
crystallite as well as crystal [28]. The dislocation
density (8), described as the length of dislocation
lines per unit volume, which represents effectively
the amount of defects in the studied samples [29],
was estimated from Williamson and Smallman’s
equatjon [27]:

§=13 ®)
The estimated values of D, as seen in Table (3),
show that the grain size decreases with increasing
the extent of embedding CB/PPY in EVA while
preparing the composites. This can be attributed to
the fact that the mobility of the grain boundaries
affects effectively the grain growth. Therefore,
embedding EVA with nanoparticles of CB/PPy can
reduce the grain size due to the decrease the grain
growth [30]. In other words, the addition of
CB/PPy to EVA can increase the broadness of
XRD peaks (see Table 3) which lead to the
nanocrystalline feature of the prepared film [29].
Therefore, the grain size (D) was decreased from
15.18 + 0.86 (hm) corresponding to EVA to be
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1092 + 1.29 (nm) for the highest content of
CB/PPy in the composite. On the other hand, Table
(3) illustrates an increase in the discerned values of
(8) by increasing the CB/PPy content.

The observed broadening in the XRD peak can be
attributed to the strain as well as the crystallite size
of the particles. Therefore, there was a trial to
discern the lattice strain (e4) Of the prepared
sample using the relation of Stokes-Wilson [31]:

B

e ©

£
St T 4 (tan )

Table (3) illustrates the increase of the lattice strain
values by increasing the embedded content of
CB/PPy.

Conclusion

Different composites of CB/PPy embedded in
EVA were prepared in varying ratios. Alternative
techniques were investigated to characterize and

understanding the structure and thermal stability of
the produced composites. DSC measurements
illustrated a decrease in the values of specific heat,
melting enthalpy and the crystallinity of the
composites by increasing CB/PPy content. The
Gordon — Taylor equation was modified to fit the
experimental values of the T, at low and high
contents of CB/PPy. The calculated values of
lattice strain and the dislocation density obtained
from XRD curves were found to increase by
increasing the CB/PPy content, whereas the
average grain sizes as well as crystallinity fraction
were decreased. TGA analysis provided
information about the enhancement of the thermal
stability of the composites compared to the pristine
EVA which can enable suggesting such
composites to be applied in various technological
applications.

Table (3) The values of full width at half maximum (FWHM), lattice strain (e ), average grain sizes (D), dislocation
density (8), crystallinity fraction of the % (%).

;E FWHM (degree)
& % Eﬁlverage (1?)15 x
e = Eur ererr
8> 20=  20=  20= (nm) linesim?  (%0)
=W 169+ 216 238
016  +015 +0.19
0013+  1518%
0 05 050 055 O >0 436 047 2488
0014+ 1420+
5 055 05 060 O L2 497+042 5449
0015+ 1340+
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Figure (8) X-ray intensity vs. CB/PPy content (pph) for different composites
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