Material Science Research India

Vol. 11(2), 168-172 (2014)

Synthesis and Thermal Characterization of
PMMA-TiO, Nanocomposites

SHALINI AGARWAL and VIBHAV K. SARASWAT*

Department of Physics, Banasthali University, Banasthali (Tonk),304022, India.

http://dx.doi.org/10.13005/msri/110210

(Received: November 22, 2014; Accepted: November 30, 2014)

ABSTRACT

In present research work, nanocomposite films of organic polymeric matrix
polymethylmethacrylate (PMMA) and its nanocomposites with inorganic nanosized filler, namely
titania (TiO,) nanoparticles, have been prepared and characterized thermally. TiO, nanoparticles
have been synthesized by chemical route method. Formation of nanoparticles and their average size
have been confirmed by Transmission Electron Microscopy (TEM). The average particle size of the
nanoparticles has been found to be ~19 nm. PMMA-TiO, nanocomposites with different TiO, weight
percent (e.g. 1%, 2% and 3%) have been prepared by solution casting technique. These prepared
samples have been investigated by means of Differential Scanning Calorimetry (DSC) at different
heating rates. The effect of heating rate and TiO, weight percent on glass transition temperature (Tg)
and melting temperature (T, ) have been studied. It has been found that Tg and T _increases as TiO,
content increases in PMMA matrix. An effort has also been made to calculate activation energy at
glass transition temperature using Kissinger, Moynihan and Lasocka relations.
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INTRODUCTION

During the past years, major developments
in the polymer science has been enriched our
knowledge about the relationship between the
structure of polymer and their properties [1].
Polymer nanocomposites are important materials for
nanoelectronics and solar cells due to their unique
properties like high homogeneity and cost-effective
processability [2-5]. TiO, is commonly used and
one of the most investigated metal oxides since it
is inexpensive and nontoxic material. Dispersion
of TiO, in polymer matrix can offer enhancement
in the weatherability and durability of polymer
products [6,7]. The potential applications of the
nanocomposites include automotive, aerospace,
opto-electronics [8] and many more. A plenty of
work have been reported on thermal, mechanical
and optical studies of polymer nanocomposites. A.
Parveen [9] reported the improvement in thermal
stability of polyaniline/TiO, nanocomposites at
660°C. At high temperature, surfactant acts as a
plasticizer in polystyrene/TiO, nanocomposites
and shows the thermal stability [10]. PMMA, which

is also known as Acrylic, is a linear thermoplastic
polymer. Thermal, optical and mechanical properties
of PMMA can also be improved by addition of
suitable nanofiller. Jieyu [11] have prepared high
refrective index PMMA/TiO, nanocomposites by
solvothermal method. V. modgil [12] and N. Tanwar
[13] have been investigated crystallization and glass
transition kinetics under nonisothermal conditions
using DSC technique. Present work reports about
the thermal characterization of PMMA and its TiO,
nanocomposites and estimation of activation energy
using Kissinger, Moynihan and Lasocka relations.

MATERIALS AND METHODS

Synthesis of TiO, nanoparticles

Synthesis of TiO, nanoparticles has been
carried out using chemical precipitation method [14].
TiCl, solution has been mixed with NH,OH aqueous
solution in 1:6 volume ratio. The resulting solution
has been stirred for 48 hrs at room temperature. By
centrifuging the solution, obtained white precipitate
has been further washed in iso-propyl alcohol and
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dried at room temperature. This procedure produced
white colored dry nanopowder.

Preparation of PMMA -TiO, nanocomposites

Nanocomposites films with TiO,
nanoparticles, dispersed in the polymer matrix
PMMA with different wt % of TiO, have been
prepared by solution casting method. The mixture
has been stirred until complete dissolution of the
polymer and TiO, in solvent Dichloromethane (DCM).
The resulting solution has been casted on to the
glass petridish and kept in a dry atmosphere; dried
film has been peeled off from petridish and used for
further characterization.

RESULTS AND DISCUSSION

Transmission Electron Microscopy (TEM) and
X-Ray Diffraction (XRD)

Figure 1(a) shows the TEM image of
synthesize TiO, nanoparticles. The average particle
size of the sample has been found to be ~19 nm.
Figure 1(b) shows the XRD pattern of pure PMMA
andits TiO, (1, 2 and 3 wt%) nanocomposites. Broad
peaks occurred in diffraction pattern at 26=29.6°
and 41.9°, are due to amorphous nature of PMMA.
XRD spectra of the nanocomposites show the
bands observed in PMMA together with the peaks
of the fillers. The intensity of peaks, corresponding
to TiO, increases with increasing filler quantity. This
confirms that the filler maintained its structure in the
composite, and that the orientation of the PMMA
chains has also not been influenced during the
nanocomposite preparation process.

Differential Scanning Calorimetry (DSC) of
Nanocomposites

The effect of nano filler content and
heating rate on the PMMA-TiO, nanocomposites
has been investigated using NETZSCH DSC 204-
F1 phoenix Differential Scanning Calorimeter. T,
and T_ have been calculated and analysed using
DSC thermograms recorded in a temperature range
from room to 450°C at different heating rates (e.g.
5, 10, 15, 20 °C/min). Figure 2 shows the DSC
thermograms of PMMA and its nanocomposites at 5
and 15°C/min as representative cas:e.Tg values have
been taken at the midpoint of the step transition and
endothermic peak gives the melting point. PMMA
is amorphous in nature and does not exhibit a
noticeable melting transition but at high temperature
it can show melting transition. Table 1 lists T _and T |
obtained from DSC thermograms for pure PMMA
and its nanocomposites at different heating rates. It
is clear from table 1 that melting temperature varies
from 369.63 to 393.8°C. It has been observed that
glass transition temperature increases as TiO, wt%
increases in PMMA matrix. It has also been observed
that T_increases as heating rate increases. The T
value increases due to restriction of segmental chain
mobility and enhancement in crosslinking density
between organic and inorganic domain. Activation
energy at glass transition is defined as energy
required for segmental motion of chains to reach at
glass transition region. Activation energy (E) of these
nanocomposites has been evaluated by empirical
relation, given by Kissinger [15] as;
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Fig. 1: (a) TEM image of synthesized TiO, nanoparticles; (b) XRD patterns of
PMMA and its TiO, nanocomposites.
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Where, o is the heating rate, Tg is the In (oc/TgZ) against 1/Tg.SIope of these lines provides
peak glass transition temperature and R is gas  the activation energy. Another approach has also

constant. been used for calculation of activation energy at
glass transition using Moynihan’s relation [16] as;
The activation energy of glass transition (E) diln|xl} _ —E,
have been calculated by the slope of the plot of In(o/ di—sy &
ng) against 1/Tg. Figure 3(a) shows the variation of o ...(2)
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Fig. 3: (a) Plots of In (oc/ng) against 1/T_ using Kissinger approach
(b) Plots of In (o)) against 1ng using Moynihan equation
Table. 1: T and T _ values at different heating rates
Heating 5°C/min 5°C/min 10°C/min 10°C/min 15°C/min 15°C/min 20°C/min 20°C/min
Rate Sample T T T T T T, T, T,

9 m 9 m 9

Pure PMMA 107.1 369.6 108.9 378.9 110.9 386.3 111.0 391.0
PMMA+1%TiO, 109.6 369.8 110.0 380.8 112.1 387.6 112.8 392.4
PMMA+2%TiO, 111.8 370.5 112.2 380.9 114.0 388.1 115.0 392.8
PMMA+3%TiO, 114.2 370.9 116.3 381.1 116.9 388.7 117.8 393.8
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Fig. 4: Plots of In(a) against T, using Lasocka
equation

Where, symbols have their usual meaning.
Variation of In (aTg?) against 1/5_, has been plotted
for PMMA and its TiO, nanocomposites in Figure
3(b). Slope of these lines provides the activation
energy at glass transition.

The values of activation energies calculated
by Kissinger and Moynihan approaches have
been listed in Table 2. It is evident from Table
2 that the activation energy increases as nano
filler wt % increases. Higher activation energy is
due to formation of the cross linked network in
polymer nanocomposites and hence the PMMA/
TiO, nanocomposite system shows higher thermal
stability than that of pure PMMA. Values of activation
energy have been found in good agreement using

Table. 2: Values of activation energy by Kissinger and Moynihan
equation and constants A & B from Lasocka equation

Samples Activation Energy ( kdmol) Lasocka Equation
Kissinger Equation Moynihan Equation A B
Pure PMMA 29.89 33.14 103.26 2.48
PMMA +1% TiO, 34.23 33.49 104.12 2.85
PMMA +2% TiO, 36.98 39.50 107.65 2.32
PMMA +3% TiO, 41.60 43.53 110.22 2.52

both models. The dependence of T_ on the heating
rate has also been studied using Lasocka’s empirical
relation [17] as;

T =A+B Ina &)

Where, A & B are constants. The value of
‘A’ indicates the glass transition temperature at a
heating rate of 1 °C/min and ‘B’ determines the time
response of configurational changes within the glass
transition region to the heating rate. Values of A and
B calculated from the plots of T_ versus In 6 (figure
4), have been listed in Table 2. This equation has
been found to hold well for all samples.

CONCLUSION

TiO, nanoparticles and PMMA-TIO,
nanocomposites have been prepared by chemical

route and solution casting method, respectively. TEM
has been employed to calculate particle size and it
comes out to be ~19 nm. XRD of nanocomposites
shows the bands of PMMA together with the peaks of
TiO, nanoparticles. It has been observed that peaks
for TiO, nanoparticles in XRD patterns are more
pronounced for higher content of TiO, nanoparticles.
DSC thermograms show the increase in T and T |
value due to restriction of segmental chain mobility
as TiO, content increases in PMMA matrix. One may
conclude that TiO, nanoparticle has been proved to
be a favourable way for more crosslinking between
chains and hence chain mobility is restricted to
segmental motion. Activation energy of PMMA
and its nanocomposites has been calculated using
Kissinger and Moynihan model. Results conclude
that the PMMA/ TiO, nanocomposite system has
a higher activation energy and thermal stability
than pure PMMA. It has been found that values
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of activation energy calculated by Kissinger and ACKNOWLEDGEMENT
Moynihan model are in good agreement and
Lasocka equation has been found to hold good for

all nanocomposites.
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