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Effect of TiO, particle incorporation on the electret properties of corona charged
polypropylene composite films
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In the present paper the influence of the concentration of TiO, particles of average size 500 nm on the electret
properties of the polypropylene (PP) composite films were studied. We investigated the PP composite films with
different weight concentrations of the TiO, particles (0 wt., 2 wt.% and 4 wt.%) and thickness of 200 pm. The samples
were charged 1 minute under room temperature by the method of the corona discharge using a point-to-plate three
electrode system in a positive or in a negative corona.

The voltage of the corona electrode was £ 5 kV and the one of the grid was £1 kV with the same polarity. The
surface potential of the electrets was measured by the method of the vibrating electrode with compensation. We studied
the surface potential decay with reference to both time and storage temperature aiming at determination of the particle
influence on the stability of the electret composite films.

The results obtained showed a significant change in the electret behaviour of the composite films after the
introduction of particles with different concentration into the PP matrix. It was established that the surface potential

decay depended on the corona polarity and the concentration of the particles.
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INTRODUCTION

Electrets have been a field of investigations for
many years [1-3]. They have been used in different
areas of science, technology and medicine. The
surface potential values and the lifetime of electrets
are the most important parameters giving rise to the
possibility of their practical usage. Hence over the
years, considerable interest has been shown in the
surface potential decay of corona-charged
polyolefin polymers among which polypropylene is
the most widely used [4-5]. This is due to their low
cost, low density, high thermal stability, resistance
to corrosion, low relative weight. Over the last few
years, however, together with these materials
another relatively new direction has been
developed. It is the investigation of different
composite electret films with specific features. New
structural elements that influence the electrets’
properties occur when filling the polymers with
dispersive-distributed fillers such as metallic oxide
(ZnO, CuO, TiO,) [6-7]. In such a way polymer

composite films have attracted wide interest
because of changing polymer electrets’ properties
and extending their applications.

The aim of the present paper is to investigate the
influence of the concentration of TiO, particles (0
wt., 2 wt.% and 4 wt.%) on the electret properties
of the PP composite films.

EXPERIMENTAL
Fabrication of the PP composite films

Compositions of PP and 500 nm TiO, particles
were prepared on Brabender® measuring mixer
with controlled electrical heating. Mixing occurred
for 5 minutes at 190 °C. Polymer composite
samples were prepared as 200 pm films on
hydraulic press. Molding temperature was 190 +
5°C. Compositions were heated for 10 minutes,
molded for 5 minutes at 140 kg/cm” clamping force
and then cooled for 5 minutes as long as samples
obtained structural stiffness temperature.
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Corona charging and surface potential
measurement

The charging of composite electrets in the
corona discharge was carried out by means of a
conventional three-electrode system (Fig. 1),
consisting of grounded plate electrode, corona
electrode and a grid placed between them.
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Fig. 1. Arrangement of the corona charging set-up. 1 —
sample on a metal pad; 2 — corona electrode; 3 — grid; 4
— grounded plate electrode; Ug — grid voltage power
supply; Uc —corona voltage power supply.

The distance between the corona electrode and
the grid was 10 mm and the distance between the
grid and the grounded plate electrode was 3 mm.
The samples were charged for 1 minute under room
conditions. Positive or negative 5 kV voltage was
applied to the corona electrode. Voltage of the same
polarity as that of the corona electrode was applied
to the grid and its value was 1 kV. Electrets surface
potential was measured by the method of the
vibrating electrode with compensation by which the
estimated error was better than 5%.

RESULTS AND DISCUSSION

Influence of time storage on electrets surface
potential decay

The dependences of normalized surface
potential on the time of storage under room
conditions for positively and negatively charged PP
composite  films  with  different  weight
concentrations of the TiO, particles (0 wt.%, 2
wt.% and 4 wt.%) have been studied for 70 days.
The surface potential was measured once a week
except for the first 15 days when it was measured
more often because the charge was rapidly
decaying. After this period, steady state values of
the surface potential were established for all of the
samples.

Time dependences of the normalized surface
potential for positively and negatively charged PP
composite films are presented in Figs. 2 and 3
respectively.
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Fig. 2. Time dependences of the normalized surface
potential for positively charged PP composite films.
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Fig. 3. Time dependences of the normalized surface
potential for negatively charged PP composite films.

The results illustrated in Figs. 2 and 3
demonstrate the following:

e The final values of the normalized surface
potential for the samples charged in a positive
corona are higher than those for the samples
charged in a negative corona for all concentration
of the TiO, particles as has been observed earlier
[81;

e For all samples investigated the normalized
surface  potential are  initially  decaying
exponentially for the first 15 days and then are
decreasing slowly and are practically stabilized to
70™ day;

e The normalized surface potential of PP
composite films with concentrations of the TiO,
particles (2 wt.% and 4 wt.%) decays faster than the
one of the pure PP films independently of the
corona polarity. This might be due to conductivity
enhancement with incorporation of the TiO,
particles into the PP matrix, resulting in easier and
faster charge transport in the bulk.
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e The decay of the normalized surface potential
becomes faster with increasing the concentration of
the TiO, particles. When the concentration of the
TiO; particles is higher (4 wt. %), the normalized
surface potential of the composite film decays very
fast and reaches a stable state value depending on
the polarity of the corona as shown in Figs. 2 and 3.
This behavior may be attributed to the fact that the
partial injection of the deposited charges depends
on the level of concentration of the TiO, particles.

Therefore, the incorporation of TiO, particles
with a greater concentration in a matrix of PP leads
to a decrease of the electrets surface potential value.

Influence of different concentration of the filler on
electrets surface potential decay

The dependences of the steady state value of the
normalized surface potential on the different
concentration of the TiO, particles for positively
and negatively charged PP composite films were
presented in Fig. 4.
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Fig. 4. The dependences of the steady state value of the
normalized surface potential on the different
concentration of the TiO, particles for positively and
negatively charged PP composite films.

The results illustrated in Fig. 4 show that:

e The stable state values of the surface
potential decrease with increasing concentration
independently of the corona polarity;

e The stable state values of the surface
potential for positively charged PP composites are
higher than those for negatively charged
irrespectively of the concentration of TiO, particles.

Influence of the temperature on electrets surface
potential decay

The dependence of the normalized surface
potential on the temperature for positively and
negatively charged PP composite films with
different weight concentrations of the TiO, particles
(0 wt.%, 2 wt.% and 4 wt.%) was investigated. The
surface potential measurements were performed by

means of the surface potential measurement set-up
at elevated temperatures. The surface potential was
measured every two minutes for 1 hour at a
constant temperature increase.

The dependences of normalized surface
potential on the temperature for positively and
negatively charged PP composite films are
presented in Figs. 5 and 6 respectively.

O] L
o W
0,8- RN
IO A
© 0,6 o 4
2 E
o
> 04 = o
A
" o,
L 0% m O%ad,iaaa
021 o 29 "
A 4% e LEY
0,0 T T T T T T T T T T T T T
20 40 60 80 100 120 140

T, °C

Fig. 5. Temperature surface potential decay curves for
PP composite films after positive corona charge.
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Fig. 6. Temperature surface potential decay curves for
PP composite films after negative corona charge.

The experimental results (Fig. 6) show that the
curves of the PP composites are shifted slightly to
higher temperatures with the increase of the particle
concentrations. Probably the introduction of TiO,
particles with different concentration leads to the
creation of new charge traps that require higher
energies for charges release and leads to the curves
shift toward higher temperatures. When the
temperature increases, the transport processes
through the bulk will play a determinant role
because of the increase of both the injection of the
carriers from the surface into the bulk and the
generating of the carriers in the bulk as well as the
increase of their mobility.
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CONCLUSION

The surface potential decays of polypropylene
composite films with different concentration of the
TiO, particles (0 wt., 2 wt.% and 4 wt.%) were
investigated. It was established that there was a
significant change in the electret behavior of the
composite films after the incorporation of particles
with different concentration into the PP matrix. The
normalized surface potential of PP composite films
with concentrations of the TiO, particles decayed
faster than that of pure PP films and the stable state
values of the surface potential decreased with the
increasing concentration independently of the
corona polarity. Therefore, the incorporation of
TiO, particles with a greater concentration in a
matrix of PP leaded to a decrease of the electrets
surface potential value. This might be due to
conductivity enhancement with incorporation of the
TiO, particles into the PP matrix, resulting in an
easier and faster charge transport in the bulk.
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BJIMSIHUE HA KOHLIEHTPAIIUATA HA TiO, YACTUIL BbPXY EJIEKTPETHUTE CBOMCTBA
HA KOPOHO 3APEJIEHU ITOJIUITPOITMJIEHOBUY KOMITIO3UTHN ®UJIMU
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(Pesrome)

B nHacrosimiara pabora Oeire u3ciaenBaHO BIMSHUETO HAa KOHIEHTpanuaTa Ha dyacTuim oT TiO, cbe cpeleH pa3mep
500 nm BBpXy eNieKTpeTHUTE cBoiictBa Ha nojunporwieHoBd (I1I1) xommosutHu ¢wimu. bsixa mscneasanu [1I1
KOMITO3UTHH (DMJIMH C Pa3IMYHO TETJIOBHO ChAbpxaHue Ha yactuiy ot TiO, (0 wt., 2 wt.% and 4 wt.%) u nebenuna
200 pm. OOpasmure 0s5xa 3apexJaHd MO METoJa Ha KOPOHHMS pPaspsiyi C IOMOIITa Ha TPHUENEKTPOJHA CHUCTEMa B
MIOJIOKUTETIHA W OTpHUIaTeJIHA KOPOHA 33 €HAa MHHYTa IpH cTaifHa Temmneparypa. Ha xopoHupamms enekrpon Oerre
rojaBaHo Hampexenue = 5 kV, a Ha pemerkata +1 kV cbc cbmara moisipHOCT. [IOBBPXHOCTHUST NMOTEHIMAT Ha
MIOJY4YEHHUTE ENIEKTPEeTH Oelle M3MEpeH M0 METOAa Ha BHOpHpaIus eNeKTPOJ C KOMIIEHCAls. 3a OIpenessHe Ha
BIMSHHETO HA YaCTHUIUTE BbPXY CTAOMIIHOCTTA Ha €JIEKTPETHUTE KOMIO3UTHU (HUIMH Oellle M3CIEeIBAaHO CIIaJaHETO HA
MOBBPXHOCTHHS MOTEHIMAI C BPEMETO M TeMIepaTypaTa Ha CbXpaHeHHe. [loimydeHHTe pe3yiTaTH I0Ka3BaT
3HAUYUTEITHO M3MEHEHHE B EJICKTPETHOTO MOBEACHHE HAa KOMIIO3UTHTE CIE] BKapBaHETO HA YAaCTHIM C pa3IMYHA
koHueHTpauust B marpuna ot III. Beme ycranoBeHo, 4e cnagaHeTo Ha MOBBPXHOCTHHSA IOTEHLHAN 3aBHCH OT

TOJIAPHOCTTA HAa KOPOHAaTa M KOHIECHTpauATa Ha YaCTUIIUTE.
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