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The paper reports of synthesis and investigation of polymeric nanocomposites based on isotactic polypropylene

and titanium dioxide nanoparticles PP+TiO2 (PPT). The structure of the PPT nanocomposites was studied by
scanning electron and atomic force microscopy. There was also studied the influence of the polarization process
by corona discharge on the structure and photoluminescence properties of PPT nanocomposites. It was found
that intensity of the photoluminescence after the polarization increases, and this depends on the concentration
of titan dioxide nanoparticles in the polymer matrix. It was shown that rms roughness for non-polarized sample
compositions is 60–100 nm, whereas for polarized samples after the corona discharge polarization, makes 20–40 nm,
i.e. there takes place grinding of the structural elements. It is supposed that, in the composite there forms
sufficiently high internal local field, due to the boundary charges, so under the influence of this field there were
excited additional luminescent centers, and as a result, after the polarization there was observed the increase of
luminescence intensity.
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1. Introduction

Currently, organic-inorganic polymer nanocomposites
have attracted attention due to its unique properties:
mechanical, magnetic, optical, electronic, chemical re-
sistance, resistance to UV-radiation. It is known that
the combination of components with different chemical
structures can lead to the formation of a material with
improved characteristics compared with properties of in-
dividual components. Impact of filler on the properties
of composites depends on the concentration, particle size,
aggregation degree and character of its interaction with
the polymer [1]. Nanocrystalline TiO2 is a wide-gap se-
miconductor, and has a number of advantages (good pho-
tocatalytic activity, high chemical and thermal stability,
non-toxicity, and low cost). Use of composites containing
TiO2 nanoparticles is determined mostly by their photo-
catalytic properties (creation of solar cells, UV filters, gas
sensors).

TiO2 has been widely used for experiments related to
solar energy conversion. Furthermore, TiO2 reveals pho-
toluminescence at ambient temperature or below under
various conditions [2–4]. Titanium dioxide also shows
electroluminescence with a spectral distribution below
the band gap, i.e., luminescence also occurs from levels
within the bandgap. The quantum efficiency in these
experiments was very low, suggesting efficient nonradi-
ative recombination. As far as we know there are very
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few studies about the temperature dependence of pow-
dered TiO2 luminescence at temperatures above 300 K.
In Ref. [4] Hashimoto et al. described that the lumines-
cence intensity increased steadily with decreasing tem-
perature and became almost constant below 77 K. They
also observed an excitation spectrum that extended up
to 600 nm and corresponds to the luminescence spectrum
from the surface states.

In this paper, we report of the synthesis of polymer
nanocomposite on the basis of polypropylene and titania
nanoparticles PPT and study the effect of corona dis-
charge on the physical structure and photoluminescence
properties of obtained nanocomposite.

2. Experimental part
2.1. Synthesis of PPT nanocomposites

The isotactic polypropylene powder used as polymer
matrix (PP brand Sigma Aldrich Pcode 1,001,326,963)
nanoparticles of titania — as a filler (TiO2 rutile, 99.5%,
product #7920DL, lot #7920-091012, SkySpringNano-
materials, Inc., Houston). Polymer nanocomposites
PP+TiO2 (PPT) were prepared as follows: isotactic po-
lypropylene powder at a temperature of 120 ◦C was dis-
solved in an organic solvent, toluene. Then, to the po-
lymer solution there was added nanopowder of TiO2 at
a temperature of 393 K. The mixture was transferred to
a Petri dish and dried in a vacuum oven during 24 h.
Preparation of nanocomposite film samples was made by
hot pressing at the melting temperature of polypropylene
and a pressure of 15 MPa for 10 min and then cooling
under pressure at room temperature. The thicknesses of
the films vary within 100 µm.
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2.2. Method of polarization of polymer nanocomposites

Polarization nanocomposites were performed using a
corona discharge. Corona discharge was created via
needle-plane electrodes. The needle diameter is about
0.3 mm, and the distance between the needle and the
film sample 1 cm. The charging voltage Uk ≈6–9 kV,
the charging time is 5–10 min. The sample thickness is
100 µm. Before starting the experiment samples were
thoroughly degreased. Thereafter, they were placed on
a grounded electrode and at a voltage of 6 kV and were
charged by a negative corona discharge by means of me-
tal needles system arranged vertically at a distance of
6 mm from the sample surface.

2.3. AFM analysis

The morphology of the nanocomposites was studied
using atomic force microscopy Integra Prima (NT-MDT,
Zelenograd). For the scan used special silicon cantile-
vers fabricated by plasma etching method with a radius
of curvature of the needle 20 nm and the resonance fre-
quency of 1–5 Hz. Scan site was 2×2 µm2. The measure-
ments were performed in tapping microscopy mode in air,
the changes in the oscillation amplitude of the cantilever
needle that defines the surface topography was recorded.
The scanning rate and the number of scanned lines in the
image are respectively 256 Hz and 1969.

2.4. SEM analysis

Distribution of titanium oxide nanoparticles in the po-
lymer matrix studied by scanning electron microscopy
(JEOL JSM - 7600F) was conducted at scanning SEI
mode at an accelerating voltage of 15 keV working dis-
tance of 4.5 mm. To eliminate the excess charge from
the surface of polymeric nanocomposite was covered by
platinum layer of 10 nm thick.

2.5. Photoluminescent analysis of nanocomposites

Photoluminescent properties of polymer nanocomposi-
tes film were studied by spectrofluorometer Varian Cary
Eclipse in the wavelength range 200–900 nm.

3. Results and discussion

Figure 1 shows the diffraction patterns of titanium ox-
ide nanoparticles. XRD diffraction patterns show that
the main peaks of 27.506 (110), 36.040 (101), 41.185
(111), 44.140 (210), 54.231 (211), 56.781 (220), 62.258
(002), and 68.996 (301) belong to the rutile phase of ti-
tanium dioxide nanoparticles. In this pattern, all lines
can be indexed using the ICDD no. 00-001-1292 corre-
sponding to rutile.

Figure 2 shows SEM images of polymer nanocompo-
sites based on PPT. As seen from Fig. 2 there was ob-
served the homogeneous distribution of titanium dioxide
nanoparticles in the polymer matrix. It was also found
that with increase of nanoparticle content in the poly-
mer matrix there was observed a significant coagulation

Fig. 1. XRD diffraction pattern of TiO2 nanoparticles.

Fig. 2. SEM images of nanocomposites based on PPT:
(a) PPT5, (b) PPT10.

of the TiO2 nanoparticles. Thus, at the 5% TiO2 content
in the polymer (PPT5) the size of nanoparticle is about
10–30 nm, and at 10% (PPT10) — 50–60 nm. Figu-
res 3 and 4 show the mapping of the elements and EDS
spectrum correspondingly for PPT nanocomposite. As
seen from Figs. 3 and 4 nanocomposite contain titanium
dioxide. The appearing of platinum in the spectra is due
to coating by a thin layer of platinum the surface of the
PPT sample in order to avoid the charging of polymer
film.

Fig. 3. Mapping of the elements for a nanocomposite
based on PPT.
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Fig. 4. Energy dispersive spectrum (EDS) for nano-
composite based on PPT.

Fig. 5. Photoluminescence spectra nanocomposite
PPT5 before (1) and after (2) the polarization by
corona discharge.

Fig. 6. Photoluminescence spectra of nanocomposite
PPT10 before (1) and after (2) the polarization by
corona discharge.

Fig. 7. Photoluminescence excitation and emission
spectra of PPT nanocomposites at different excitation
wavelengths.

The photoluminescence spectra (PL) of PPT nano-
composites were studied at 5% (PPT5)and 10% TiO2

(PPT10)concentrations by volume of contents in the wa-
velength range of 450–700 nm with excitation at 400 nm
wavelength. It was found that the photoluminescence
intensity of PPT nanocomposite varies with the extre-
mum, the PL intensity gets its maximum value for PPT5
nanocomposite. Figures 5 and 6 show the luminescence
spectra of the nanocomposite PPT5 and PPT10 before
(1) and after (2) of polarization by corona discharge. It is
found that the peaks in the luminescence spectra obser-
ved at wavelengths of 486, 528, 545, and 563 nm. It was
determined that the two peaks at wavelengths of 486 nm
and 563 nm are photoluminescent peaks belonging to ti-
tanium dioxide (Fig. 7). From Figures 5 and 6 it can
be seen that for PPT5 nanocomposite the photolumines-
cence intensity is higher than for the composite PPT10.
In our opinion it can be explained by agglomeration of
TiO2 nanoparticles with an increase of the content of
TiO2 in polypropylene, resulting in increase of the na-
noparticles’ size, that in turn lead to a decrease in the
specific surface of the luminescent nanoparticles. Thus it
is assumed that the change in PL amplitude with extre-
mum associated with a reduced of specific surface area of
TiO2 at high concentrations TiO2 nanoparticles.

Also photoluminescence spectra of PPT nanocompo-
sites were investigated before and after the polarization
by the corona discharge. It was found that the photolu-
minescence intensity increases after polarization, and an
increase of luminescence intensity depends on the con-
centration. In previous studies [5–7] it was shown that in
the interfacial layer of nanocomposites there were large
number of cross-border charges generated as a result of
the polarization of the polymer nanocomposites by dif-
ferent physical effects (electro-thermo-polarization, po-
larization by corona discharge). These charges in turn
create high internal local field and under the influence
of this field in polymer nanocomposites excited additio-
nal fluorescent centers of titanium dioxide nanoparticles.
As a result, after the polarization by corona discharge in-
creased luminescence intensity of nanocomposites based
on PPT.

Fig. 8. AFM images of polymer nanocomposites based
on PPT to (a) and after (b) polarization.

The surface of PPT5 nanocomposites was studied by
atomic force microscopy method before and after the po-
larization under the influence of corona discharge [8, 9].
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Figure 8 shows 3D images of PPT nanocomposite before
and after the polarization by the corona discharge. AFM
topography study of the sample compositions PPT shows
that the relief of the composition samples varies strongly
after the polarization under the influence of corona dis-
charge. It can be seen that on the surface of the compo-
sition samples after polarization the structural changes
occur.

Fig. 9. Histogram of rms roughness of polymer-based
nanocomposites PPT before (a) and after (b) polariza-
tion.

Figure 9 shows a histogram of pixel values, and the rms
roughness of the surface compositions of PPT. Histogram
heterogeneity of the surface reveals that after the pola-
rization relief composition is relatively non-smooth. It is
also shown that the rms surface roughness of samples for
non-polarized samples is 80–120 nm and for the polarized
sample is 40–60 nm, i.e. after polarization there occurs
the grinding of structural elements of nanocomposites.

4. Conclusion

In the paper we report of synthesis and investigation of
polymeric nanocomposites based on isotactic polypropy-
lene and titanium dioxide nanoparticles. The structure
and morphology of the nanocomposites was studied by
scanning electron (SEM) and atomic force microscopy
(AFM). It was also studied the influence of the polari-
zation process by corona discharge on the structure and
photoluminescence properties of PPT nanocomposites.

The intensity of the photoluminescence after the pola-
rization increases, and this depends on the concentra-
tion of titanium dioxide nanoparticles in the polymer ma-
trix. It was shown that rms roughness for non-polarized
sample compositions is 60–100 nm, whereas for polari-
zed samples after the polarization under the influence of
corona discharge, it makes 20–40 nm, i.e. there takes
place grinding of the structural elements. It is suppo-
sed that, in the PPT composite sufficiently high internal
local field forms, due to the boundary charges, so under
the influence of this field there were excited additional lu-
minescent centers, and as a result, after the polarization
there was observed the increase of luminescence intensity.
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