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Abstract: The most important characteristics of stationary battery installations are environmental friendli-
ness and low price. Therefore, widely available and acceptable materials such as zeolite should be the focus
of research in this field of science. The properties of a simple system consisting of graphite electrodes and
zeolite/water/NaCl/MgCl, electrolytes were tested. Energy density and recoverable energy storage were
improved by adding a small amount of NaCl and MgCl, to the zeolite/water electrolyte. The energy effi-
ciency of the examined electro-capacitive systems in the DC electric field is generally below 10%.
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1. INTRODUCTION

The scientific community devotes consider-
able attention to the problems that limit the wide-
spread use of photovoltaic panels. Two basic prob-
lems stand out, the first problem is the efficiency of
photovoltaic panels, while the second problem is the
need for a cheap and environmentally acceptable
method of depositing electricity [1,2]. This study is
a contribution to a major scientific quest for environ-
mentally friendly and inexpensive batteries. Materi-
als that are readily available and do not conflict with
high environmental standards are highly desirable
candidates for making batteries. Zeolites are wide-
ly available in nature, their production and recycling
are processes with very low environmental impact.

Zeolites have already found application in
chemical-technological processes and products as
adsorbents or catalysts [3]. The peculiarity of zeo-
lites to adsorb ions in a specific way can be suitable
for the design of electrodes and electrolytes [4,5].

The results presented in this article are the initial re-
sults of a study that should investigate energy phe-
nomena in zeolite electrolyte. The ability for the
dominant energy phenomena to occur in the electro-
lyte rather than at the electrodes could improve ex-
isting electrochemical battery designs. The investi-
gated electro-capacitive system consists of identical
graphite electrodes and zeolite/water electrolyte with
the addition of small concentrations of sodium and
magnesium chloride. The described system shows
very low values of recoverable energy storage, be-
low 10%. Therefore, it was shown that the presence
of the mentioned chlorine salts in the zeolite electro-
lyte increases the energy efficiency of the described
electro-capacitive system.

2. EXPERIMENTAL

The sodium form of LTA Zeolite (Sigma-Al-
drich 4A molecular sieves, 44um) was used as the
base electrolyte. The other two electrolytes were ob-
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tained by mixing NaCl (0,1 g) or MgClL,-6H,0O (0,345
g) with 15 g of dry zeolite and 20 ml of distilled
water to obtain 0.085 M concentration of salts. The
samples are designated as ZE - zeolite/water, ZE/
NaCl - zeolite/water/NaCl and ZE/MgCl, - zeolite/
water/MgCl,.

The electro-capacitive cell consists of a glass
vessel with a zeolite electrolyte in which two iden-
tical graphite electrodes are immersed at a distance
of 1 cm, the face-to-face surface of the electrodes is
4 ¢m?. The charging and discharging processes were
carried out by successive cycles of charging for 30
s, and discharging for the next 100 s. Measurements
were made in the direction of charging voltage rise
with certain periods of constant charging voltage. In
order to record the charge and discharge currents, a
Kethley 2700 ammeter was connected in series with
the cell. The experiment was conducted using a com-
puter and a relay system that switched the cell from
a voltage source (0.4 - 8 V) - charging mode to dis-
charging mode via a resistor R=220 Q and vice ver-
sa. Energies were obtained by integrating the curves
over time, IV - charging energy and />R - discharg-
ing energy.
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3. RESULTS

Figure 1 shows the charge (Fig.la) and dis-
charge (Fig.1b) power of the cell for two charging
voltages, 0.4 and 3.2 V. A voltage of 0.4 V is also the
lowest charging voltage applied in this study. At the
lowest applied electric field (0.4 V/cm), the presence
of MgCl, salt ions even led to a decrease in the elec-
trical conductivity of the zeolite mixture (green thin
line - Fig. 1a). The loading power was lower than in
the case of zeolite (ZE) and zeolite in the presence of
NaCl (ZE/NaCl). At a higher charging voltage of 3.2
V, the charging and discharging powers show the ex-
pected mutual relationship, the presence of the men-
tioned chlorine salts in the electrolyte increases the
amount of deposited and released energy.

A higher concentration of ions in the elec-
trolyte due to the presence of salt contributes to its
greater polarity and electrical conductivity. An in-
crease in polarity contributes to a greater energy de-
posit achieved by the electrolyte in the presence of
electrodes, while an increase in electrical conductivi-
ty, i.e. more intensive movement of ions can increase
energy losses. Amounts of invested and released
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Figure 1. a) Charge and b) discharge curves for charge voltages of 0.4 V (thin line) and 3.2 V (thick line).
The results are normalized to the volume of the electrolyte.

Contemporary Materials, XV-1 (2024)

27



Mia Omerasgevi¢, Blanka Skipina, Danijela Vukovi¢, Dusko Dudié

pages: 026-030

energy of the described capacitive systems depend-
ing on the charging voltage are shown in Figure 2.

The charging voltages were successively raised
from 0.4 to 3.2 V, and then 8 charging and discharg-
ing cycles were performed at a charging voltage of 3.6
V (Figure 2). For the ZE/MgCl, electrolyte, testing
was extended by further raising the charging voltage
as shown in Figure 2. Electrolysis processes on the
electrodes were observed in this experiment at cell
voltages higher than 4 'V, this is clearly seen through
the increased charging energy at voltages of 5 V and
higher (Figure 2 - ZE/MgClL,). All electrolytes before
and after the test show a pH value of around 8.5, this
did not change even after the application of higher
charging voltages and the clear appearance of gases
on the electrodes. Based on this, it can be concluded
that when a voltage above 4 V was applied, oxygen
and hydrogen were released on the electrodes.

The results shown in Figure 2 indicate that the
energy efficiency of the investigated electrolytes is
low and that the presence of the mentioned chlorine
salts in the zeolite increases the values of the energy
invested and released in relation to the application of
pure zeolite in the electro-capacitive cell. It should

be emphasized that during the application of a con-
stant charging voltage of 3.2 V (central part of Figure
2) there is a simultaneous decrease in the invested
energy and an increase in the released energy. The
mentioned increase in the efficiency of the capacitive
cell at the successive application of a voltage of 3.2
V is more clearly presented in Figure 3.

Figure 3 shows the ratios of invested and re-
leased energy, the recoverable energy storage, de-
pending on the charging voltage. As the charging
voltage increases, the energy efficiency of zeolite
capacitive systems decreases, while zeolitic elec-
trolytes containing NaCl and MgCl, showed signifi-
cantly higher efficiency compared to zeolite/water
electrolyte. The increase of recoverable energy stor-
age during the successive application of the charging
voltage of 3.2 V is shown by all three capacitive sys-
tems, and this is especially pronounced in the case
of electrolytes containing chlorine salts. Bearing in
mind that no changes were observed on the surfaces
of the used electrodes, the reason for the mentioned
increase of recoverable energy storage during the
successive application of a constant charging voltage
is primarily in the creation of a more energetically fa-
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Figure 2. Used energy during the charging process - full symbols and released energy during discharge
(empty symbols) depending on the charging voltage. The results are normalized to the volume of the electrolyte.
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Figure 3. Recoverable energy storage versus charging voltage.

vorable distribution of ion concentrations in the elec-
trolyte during the charging and discharging process.

4. CONCLUSION

The recoverable energy storage of the simple
systems consisting of graphite electrodes immersed
in zeolite/water/NaCl/MgCl, electrolytes was tested.
The described electro-capacitive systems show very
low values of the recoverable energy storage in a
constant electric field, below 10%. Therefore, it was
shown that the presence of the mentioned chlorine
salts in the zeolite electrolyte increases the energy
efficiency of the described electro-capacitive system.
Electrolysis of the electrolyte occurs when a voltage
above 4 V is applied.
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HPOLHECHU IYIBEBHA U ITPAKIBEIBA
Y IT'PA®UT-3EOJUT/NaCI/MgCl, CAHCTEMHUMA

Caxerak: HajBaxxHuje KapaKTepUCTHKE CTAMOHAPHHUX OATEPHjCKUX MHCTAJAIM]a Cy SKOJIOIIKa MPHU-
XBaTJBUBOCT U HHUCKA IIeHa. CTora 61 MMPOKO AOCTYNHH ¥ PUXBAT/BUBU MaTEPHjalIi Kao IITO j€ 3€0TUT
Tpebao ga Oymy y Gpokycy ucTpakuBarma y 0BOj 007acTi Hayke. MIcmuTHBaHa Cy CBOjCTBA jeAHOCTABHOT
CHCTEMA KOjH C€ CacTOjU O/ TpaUTHHUX eNeKTposa u enekrponura seomut/sona/NaCl/MgCl,. I'yctnna
€HEpPTHje N epUKACHOCT Cy mobosbIIany onasamem maie konmnanne NaCl u MgCl, y seonut/Bozia enex-
Tposut. EHeprercka erkacHOCT HCIMTHBAHMX €JIEKTPOKANAIIUTHBHUX CHCTEMa y CTAIHOM €JIeKTPpHY-
HOM I10JbY je yrimaBHOM ucron 10%.

KibyuHe peun: 3¢0suT, I€IOHOBAKHE CHEPTH]E, CIEKTPOIINT, €IeKTPUYHA EHEeprHja.

Paper received: 6 May 2024 Paper accepted: 28 May 2024

|@ ® @ ‘ This work is licensed under a Creative Commmons Attribution-NonCommercial 4.0 International License

30

Contemporary Materials, XV-1 (2024)



