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Perspectives of Electricity Storage in Polymer Capacitors
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Abstract: The price and environmental aspects of electricity storage significantly affect the application of green
technologies. The electrochemical batteries are currently the best choice for storing electricity for most industrial needs
and products. Polymer capacitors show very low energy density compared to conventional batteries and therefore
cannot be widely used for electricity disposal. At the same time, all other features of polymer capacitors that characterize
battery systems are ideal. After a brief comparison of the basic properties of electrochemical and physical batteries, this
paper presents the influence of electron trapping on the energy density of a polyethylene capacitor. The presented
results indicate that the phenomenon of electron trapping in polymers can increase the energy deposit of polymer

capacitors.
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INTRODUCTION

Electricity storage is a crucial component of a large
number of industrial products. The problem of
electricity storage is a significant limiting factor for the
use of autonomous electric vehicles and the application
of electricity from solar panels. The success of the
application of green technologies depends on the
ability of scientists and engineers to develop sufficiently
cheap and environmentally friendly rechargeable
batteries. Due to their high energy capacity,
electrochemical batteries are in intensive use today.
Rechargeable lithium batteries are currently the best
choice for storing electricity for most industrial needs
and products. The favorable characteristics of these
batteries are a large specific energy capacity (about
150 Wh/kg) and a weak memory effect [1-3].
Environmental and safety risks associated with this
type of battery, their price and a limited lifespan are the
reasons why great efforts are being made in the search
for a more suitable type of battery [3,4]. The
development of physical batteries in which electricity is
deposited without electrochemical processes is one of
the perspectives. The absence of chemical processes
would dramatically extend the life of such batteries
compared to the electrochemical batteries, and the
choice of materials for their manufacture could be more
environmentally friendly. The polymer capacitor is a
typical example of a physical battery. Compared to the
rechargeable lithium batteries, the polymer capacitors
show very low energy density (~ 0.1 Wh/kg) and
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significantly higher power density [5-7]. Due to the
mentioned characteristics, the polymer capacitors are
used primarily in low-energy electronics, they can also
be easily designed for high-voltage applications.
Unless a significant increase in the energy density of
the polymer capacitors is achieved, they will not find
application in the massive storage of electrical energy.

The energy density of a polymer capacitor with a
certain geometry is proportional to the applied voltage
(electric field - quadratic dependence) and the
permittivity (polarity) of the polymer used. The voltage
that can be applied to the polymer capacitor is limited
by the voltage of the polymer breakdown. Increasing
the polarity of a polymeric material by blending or
adding fillers is usually accompanied by a decrease in
the dielectric strength of such a material relative to the
pure polymer, and this topic is common in studies
dealing with the storage of electricity in polymeric
materials [8,9]. Linear polymers show lower dielectric
permittivity compared to ceramics, but due to the
possibility of applying very large electric fields, polymer
capacitors generally show higher energy densities
compared to ceramic capacitors [7]. The energy
densities of polymer capacitors range from 1.1 Jiem® (~
0.05 Wh/kg) - polypropylene (PP) capacitor to 11 J/cm®
- polyvinylidene fluoride (PVDF) capacitor [5,7-9].
Polymer composites based on fluoropolymers and
ceramic fillers have so far shown the highest energy
densities, slightly exceeding the value of 30 J/cm® [7].
The influence of charge trapping in electrostatic
dielectric capacitors on their energy density has not
been considered so far. This study shows that this
effect is not negligible and that the processes of
trapping and de-trapping of electrons in polymers can
increase the energy deposit of the polymer capacitor.
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The possibility of increasing the energy deposit in the
polymer capacitors is important because it could
contribute to the wider use of these environmentally-
friendly batteries.

EXPERIMENTAL

The isotropic sheet of low-density polyethylene
(LDPE), PE552 - HIP Pancevo Serbia (Mw = 110 000
g-mol'1), was made in a hot press at 460 K and
pressure of 1.75 MPa for 5 min, followed by quenching
in water at room temperature. The thickness of the
sheet thus obtained was in the range of 0.5£0.05 mm
and the calorimetric crystallinity was about 30%. A
square-shaped sample (10 cmx 10 cm) were cut from
the center of the sheet. One side of the obtained
sample was gently treated with sandpaper (P900) and
a graphite electrode (graphite spray) is applied to that
side.

0o ‘lc
air

Rl @ Rl == -

sample

Figure 1: Experimental setup.

The electrical measurements were performed using
a Keithley 2700 instrument and a DC voltage source.
The LDPE sample was placed on the negative
electrode of the capacitive cell (graphite-coated side),
while it was separated from the positive electrode by air
(1 mm air distance, the total distance between the
electrodes was 1.5 mm). Cell charging was performed
using a voltage of 100 V (mean electric field in the
sample is around 65 V/mm), charging times ranged
from 3 s to 3000 s. Discharge of the cell was performed
via a parallel-connected resistor of R = 2.7 GQ as
shown in Figure 1. The instrument was used to
measure the voltage on the cell over-discharging time,
the time resolution was 0.2 s. The discharge currents
were obtained by dividing the measured voltage by the
value of the known resistance (2.7 GQ), taking into
account the internal resistance of the instrument (R; =
90 GQ).

Rechargeable Batteries - Comparison

The development of rechargeable batteries over the
past 100 years has gone in the direction of increasing

their energy density. The presence of heavy metals
and their salts in electrochemical batteries is common.
Due to the intensive growth of battery consumption, the
environmental aspects of battery production and
recycling are becoming imperative [3,4,10]. The battery
life is also important, not only because of the price of
the battery calculated by the year of use but also
because of the environmental damage, which should
also be calculated according to the period of use. The
most important characteristics of the electrochemical
and physical rechargeable batteries are presented in
Table 1.

The price of batteries is not mentioned in Table 1
because it can vary significantly depending on the
method of manufacture. Taking into account the other
essential characteristics of the rechargeable batteries,
listed in Table 1, only the polymer capacitor can be
rated with three maximum ratings. The low energy
density of the polymer capacitors prevents their wider
application. Any improvement in the energy deposit of
the polymer capacitors, which can be achieved without
dirty technologies, brings this type of battery closer to
the concept of an ideal battery.

Polyolefins, polymers composed only of carbon and
hydrogen, are cheap and environmentally friendly
materials for making batteries. Isotactic polypropylene
(iPP) is a polyolefin that finds application in all
branches of the industry due to its suitable
thermomechanical, chemical and electrical (insulation)
properties [11]. A more detailed insight into the
economic aspects of the application of rechargeable
batteries, on the example of an iPP/metal capacitor and
the electrochemical batteries, is given in Table 2.

The last row of Table 2 shows the prices of batteries
with a capacity of 1 kWh, which are divided by the
estimated time of use (iPP/metal 100 years and Li-bat.
10 years). Although the impact of the recycling price
was not taken into account, the prices and weights
shown in Table 2 clearly indicate the advantages of the
electrochemical batteries over the polymer capacitors.
The mentioned ratio, shown in Table 2, can be
improved in favor of the polymer capacitors only in the
case of a significant improvement in their energy
density. In doing so, all environmental aspects of that
improvement must be acceptable. The study of the
energy aspects of electron deposition in dielectrics
could contribute to the improvement of the energy
density of the capacitors. In the following chapter, on
the example of a LPDE capacitor, it is shown that
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Table 1: Some Characteristics of Electrochemical and Physical Rechargeable Batteries [2,6,7]
Type Energy density Power density Lifespan Ecology
_ Metal-water/salt medium low low bad
®
'g Ni-metal (hydride) medium low low bad
'§ Li-metal oxide high medium medium bad
§ Na-metal oxide high medium medium moderate
©
Supercapacitor high medium medium bad
E Ceramic capacitor low high high moderate
[
-C: Polymer capacitor low high high the best

Table 2: Battery Economy: iPP/Metal Capacitor Versus Electrochemical Battery [2,7,12]

iPP/metal capacitor

electrochemical battery

Energy density [Wh/kg] 0.05 10-150
Power density [W/kg] 250 000 100
Lifespan [years] 100 5-10
Battery weight required to deposit 1 kWh [kg] 20 000 7 (Li-bat.)

use without recycling [EUR]

Recycling 100%, cheap and clean technology 50-90%, dirty technology
Battery price [EUR/Kkg] 3 31 (Li-bat.)
Disposal price of 1 kWh calculated per year of 600 EUR 22 EUR (Li-battery)

electron trapping can increase the energy deposit in a
polymer capacitor.

LDPE Capacitor as an Electron Battery

The nature and characteristics of electronic traps in
linear polymers have been intensively studied in recent
decades [13-15]. These studies provide a better
understanding of the electric ageing of polymers. The
electron trapping in a capacitor dielectric is treated as a
harmful phenomenon because it is the cause of
degradation processes in that dielectric [16]. Also, the
delayed release of trapped charges from the dielectric
causes technological problems with the high-capacity
capacitors [17]. However, the possibility that trapped
electrons can contribute to the energy density of
capacitors has not been studied so far. This
phenomenon is expected because the energy depth of
the traps contributes to the screening of the Coulomb
mutual repulsion of electrons and thus increases the
charge deposit in the dielectric. The existence of trap
energy could contribute to the discharge of trapped
electrons through a process similar to the discharge of
the electrochemical batteries. Discharging of one such
physical battery would consist of rapidly discharging

free charges, this is typical of a capacitor, and slowly
discharging charges from the dielectric volume. Due to
the existence of trap energy, especially if it is uniform,
the release of electrons from the volume of the polymer
could be characterized by a certain electromotive force.
The discharge of one capacitor in which the trapping of
electrons is expressed, the electronic battery, could be
represented by Figure 2.
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Figure 2: Discharge of a capacitor and an electronic battery.

Figure 3 shows the discharge currents of the tested
LDPE capacitor. To avoid the influence of positive
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charge in the polymer, the LDPE film is leaned on the
negative electrode and is separated by air from the
positive electrode. The contribution of trapped
electrons to discharge currents increases with
increasing capacitor charging time.
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Figure 3: LDPE capacitor discharge currents, charging times
are indicated in the figure.

The shape of the discharge current curve depends
on the geometry of the capacitor, the charging electric
field and the resistance over which the discharge is
performed. Under the conditions described in the
experimental section, the contribution of trapped
electrons is observed from 10 s from the beginning of
the discharge (Figure 3).

The energy released on the resistor over which the
discharge was performed is shown in Figure 4a, while
the total charge released from the capacitor is shown in
Figure 4b. The aforementioned assumptions that
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Figure 4: Total a) energy and b) charge released during the
capacitor discharge depending on the charging time.

electron trapping can increase the amount of deposited
charge and energy in a polymer capacitor have been
shown to be true for the case of the LDPE capacitor
tested in this study. Figure 4 shows that the amounts of
energy and charge released are approximately twice as
high after charging the capacitor for 3000 s compared
to 3 s charging time. The presented results suggest the
need for further study of the influence of charge
trapping on the energy density of polymer capacitors.

CONCLUSION

The price of depositing electricity in polymer
capacitors is extremely high compared to the price of
depositing electricity in electrochemical batteries, the
reason for that is the very low energy density of
polymer capacitors. At the same time, polymer
capacitors show higher power density and significant
environmental advantages. In this study, it was shown
that the phenomenon of electron trapping increases the
energy density of a LDPE-based capacitor. Given that
LDPE is a non-polar polymer, it can be expected that
the effect of electron trapping on energy density will be
more pronounced in polar polymers and their
composites. Studying the effects of charge trapping in
dielectrics on their energy density could contribute to
the wider use of capacitors for electrical storage.
Depositing larger amounts of electricity in polymer
capacitors would contribute to a cleaner planet.
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