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Abstract. The main characteristics of various types of electrochemical batteries are
presented, including their power class and discharge time. The issue of finding an alternative to
such a battery is considered. It is shown that the real alternative is to create solid-state batteries.
It is reported that solid electrolytes are a special class of substances with high ion conductivity at
room temperatures, and the characteristics of some materials used as solid electrolytes are given.
The requirements for anode and cathode materials are considered.
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INTRODUCTION

In modern environments of depletion of natural carbon resources and environmental
pollution, one of the most important tasks of energy is the widespread use of renewable energy
sources and the conservation of electricity produced.

Figure 1 shows a diagram of the growth of annual installed capacities of renewable sources
in recent years [1].

600

3
¥
g
R
s
=
2
3
-
~
.
e
= g B = I
X =~ 2
°-Il.ll
2001

2002 2003 2004 2005 2006 2007 2008 2009 2010 20011 2002 2003 2004 0I5 Wie 2017

g

&

g

Total installed Capacity Worldwide, GW
8

8

Figure 1. The growth of the installed capacity of the WPP by year.

As can be seen from the diagram, there is a significant increase in the annual installed
capacity of renewable energy sources. In this regard, the issue of developing modern energy
storage devices is acute.

METHODS

To date, a large number of varieties of electrochemical batteries have been created [2]. Let's
consider the main characteristics of various types of electrochemical batteries, including their
power class and discharge time. Lead-acid batteries are the most widely used due to their
cheapness, simplicity of production technology and accumulated operational experience.
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Currently, the production of lead-acid batteries with a wide range of rated capacities (up to 100
MW) has been established. In addition, one of the components of such batteries is toxic lead, which
creates additional problems both in terms of ecology and negative health effects. In addition, they
have insufficient energy consumption and a low level of permissible discharge and insufficient
discharge time (up to 1 hour). The next type of batteries are nickel-cadmium batteries with a fairly
high energy consumption, the ability to operate at low temperatures and high charge/discharge
currents.

In addition, they have a memory effect that negatively affects their performance. However,
their discharge time is only about half an hour, which makes them suitable only for maintaining
electricity from low-power consumers. The excessive toxicity of their cadmium electrodes and far
from ideal capacity indicators have led to the fact that nickel-cadmium batteries have recently been
used quite rarely. The only thing that leaves NiCd batteries still "afloat™ is their relatively low cost
to the consumer [3]. Sodium-sulfur batteries are characterized by high resource characteristics
(2000-4000 cycles) and a deep discharge level of 80-90%. However, they are unable to accumulate
energy for a long time due to the energy consumption to maintain the operating temperature of the
electrolyte. Another option, more suitable for small-capacity solar power plants, may be gel
batteries. They contain not a liquid electrolyte, but a conductive suspension in the form of a gel.
Such batteries do not require additional maintenance, but when charged above a certain level, they
quickly become unusable. However, the problem can be eliminated by placing electronic charge
level controllers. The advantage of gel batteries is their operating temperature range up to -15 °C.
In recent years, lithium has attracted the attention of researchers as a material for batteries, due to
its high activity, as well as other characteristics. Thus, the melting point of lithium is only 180.540
C. One of the characteristic characteristics of lithium-ion batteries is high energy consumption, a
deep discharge cycle (70-80%), as well as the absence of a memory effect.

Therefore, lithium-ion (Li-lon) batteries remain the most popular so far. Lithium batteries
are in most cases used in storage devices installed by consumers, for example, electronic devices,
cell phones, and electric vehicles [4]. But lithium batteries are explosive at high power. In general,
the smaller the serial number of a chemical element, the more explosive it is (for example,
hydrogen in combination with oxygen forms an explosive compound with a large release of heat
in an exothermic reaction). Therefore, there is a question of finding an alternative to such batteries.
The most realistic alternative is to create solid-state batteries. Significant progress is currently
being made in this area [4]. Increasing attention to batteries based on solid-state batteries places
increased demands on them, which they are more or less able to satisfy. Promising batteries must
meet the following requirements: have a long shelf life of electrical energy and a high energy
density of more than 100 Wh/ kg. Solid electrolyte batteries are increasingly meeting these
requirements. Let's consider what a solid-state battery is. An electrolyte in an acid battery is a
conductive chemical mixture (acid, electrolyte, conductive gel) that conducts current from the
anode to the cathode. Separators between the anode and cathode serve to prevent short circuits.
Solid-state batteries are electrochemical devices with the same set of elements: anode, cathode and
electrolyte. However, unlike acid-containing batteries, in solid-state batteries, the electrodes and
electrolyte are made of solids (Fig.2).
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Fig.2. Comparative diagram of an acidic and solid-state battery

Solid-state electrolyte is a special class of substances with high ion conductivity at room
temperatures, comparable to the conductivity of molten salts and acids. Solid electrolytes were
discovered by Michael Faraday more than 150 years ago. Currently, solid electrolytes (or as they
are also called, superionic conductors) make up a wide class of substances. These are solid
electrolytes such as lithium garnet, sulfide-based electrolytes, oxide-based electrolytes, polymer
electrolytes, ceramic electrolytes and composite electrolytes, ion conductors (carbon tubes with a
nanostructure), have high ionic conductivity and thermal stability [5-13]. These materials allow
the use of lithium metal anodes, which can significantly increase the energy density of batteries.
In addition, the use of solid electrolytes significantly increases the safe mode of battery use,
reduces the risk of overheating and the formation of dendrites. The selection of the optimal
electrolyte composition allows you to increase the capacity of stored energy, and this in turn makes
it possible to create more durable and powerful batteries.

RESULTS

Thus, solid electrolytes are a wide class of substances, both crystalline and ion-conducting
glasses and polymers, thin films on substrates, ion-conducting ceramics, and all kinds of gels.
Despite the fact that a fairly wide range of superionic materials has been created, the researchers'
search continues and is directed towards obtaining high values of ionic conductivity at room
temperatures. In addition, it is quite obvious that in order to create solid-state batteries, special
requirements are imposed on electrode materials, which must have a high collecting capacity of
charge carriers. That is, they must have a developed surface - have a sufficiently high surface area
with small dimensions. Porous materials obviously meet such requirements. Let's briefly consider
the general requirements for anode materials. This class of materials includes varieties of graphite,
silicon and lithium titanate. Graphite is widely used due to its stability and ability to intercalate
lithium ions (i.e. reversibly embed mobile lithium ions). This, in turn, leads to mechanical stability.
Silicon and lithium titanate also have their own positive and negative sides. And in this direction,
an optimal search is also required. Special requirements are also imposed on cathode materials.
They must provide high levels of energy storage and high energy density. Currently, attempts have
been made to use the following materials as cathode materials:

lithium-cobalt oxide (LiCo0O2), lithium-iron phosphate (LiFePO4) and lithium, nickel,
manganese, cobalt oxide (LiINiMnCo002).

Naturally, batteries based on solid electrolytes (or as they are called in the English literature
solid state batteries SSB) represent the most optimal solution for new generation batteries. They
exhibit higher thermal stability when operating in different temperature ranges. Solid electrolyte
batteries do not fail due to freezing, boiling or thermal decomposition.

DISCUSSION
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In connection with the above, we have led studies of some superionic materials in order to
use them as a solid electrolyte in batteries. These are helium materials based on the natural material
agar (C12H1809)n [14], as well as a modified composite material based on a- and B-aluminate.
Preliminary studies have yielded satisfactory results in terms of energy density and charge time.
As the conclusions: In the near-term years, the main trend in the global battery industry will be the
development of portable energy-intensive solid-state batteries necessary for various fields of
science and technology - healthcare, defense, space technology, automotive and much more. The
need to develop solid-state energy sources and solid-state batteries covers all spheres of human
activity. In this regard, the issue of developing and implementing new superionic and electrode
materials that are attractive in their technical and commercial characteristics is important. Solid-
state batteries are capable of making significant changes in the field of energy storage.

REFERENCES

1. Bottling Electricity: Storage as a Strategic Tool for Managing Variability and Capacity
Concerns in the Modern Grid, EAC Report December 2008,
http://www.oe.energy.gov/eac.htm .

2. M.l Baranov. AN ANTHOLOGY OF OUTSTANDING ACHIEVEMENTS IN SCIENCE
AND TECHNOLOGY. PART 22: THE INVENTION OF ELECTRIC ENERGY
ACCUMULATORS.. Electrotechnics and Electromechanics. 2014. Ne5, 5-12. ISSN 2074-
272X. [In Russian: M.1. Bapanos. AHTOJIOTUS BBIJAIOINXCS JOCTUXEHUI B
HAYKE W TEXHUKE. YACTb 22: W3OBPETEHUME AKKYMVYJISITOPOB
DJIEKTPUYECKOM SHEPTMM.. Enexrporexnika i Enexrpomexanika. 2014. Ne5, 5-12.
ISSN 2074-272X.]

3. Available at: http://www.xard.ru/post/10300 (accessed 10 August 2012).

4.  A.K. lvanov-Shits, S.N. Savvin, G.N. Mazo, The mechanism of cationic transfer in a-Agl —
XCuxl (0 < x < 0.25), 2009, "Crystallography”, 2009, Volume 54, No. 2, pp. 316-322. [In
Russian:

5. "How to rebuild a Li-lon battery pack". Electronics-lab.com. Retrieved 8
October 2009, http://www.electronics- lab.com/articles/Li_lon_reconstruct/

Tax J. In: Proc. of the 14th Int. Seminar on Primary and Secondary Battery Technology. Ft.
Lauderdale, Florida, 1997, p. 23-30.

6. Atovmyan L.O., Ukshe E.A. In the collection: Physical Chemistry. Modern problems. M.:
Chemistry, 1983, pp. 92-115. [In Russian: Atoemsia JI.O., Vkmie E.A. B ¢6.: ®usnueckas
xumust. CoBpemeHHbIe npodiembl. M.: Xumus, 1983, ¢. 92-115.]

7. Holmes C.F. Handbook of Solid State lonics, 1995, p. 157-170.

8. Kamaya, Noriaki; Homma, Kenji; Yamakawa, Yuichiro; Hirayama, Masaaki; Kanno,
Ryoji; Yonemura, Masao; Kamiyama, Takashi; Kato, Yuki; Hama, Shigenori; Kawamoto,
Koji; Mitsui, Akio (July 2011). "Lithium superionic conductor”. Natural materials. 10 (9):
682-686. Bibcode:2011NatMa ..10..682K.

9. E. Kartini a,x, M. Nakamura b, M. Arai b, Y. Inamura b, J.W. Taylor ¢, M. Russina,
Universal dynamics behavior in superionic conducting glasses in Elsevier B.V. Solid State
lonics 180 (2009) 506-509

10. Shiotani S., Ohara K., Tsukasaki H., Mori S., Kanno R. Analysis of the distribution function
of sulfide glassy electrolyte pairs for fully solid-state batteries: understanding the

266



SCIENCE AND INNOVATION
INTERNATIONAL SCIENTIFIC JOURNAL VOLUME 2 ISSUE 12 DECEMBER 2023
UIF-2022: 8.2 | ISSN: 2181-3337 | SCIENTISTS.UZ

11.

12.

13.
14.

improvement of ion conductivity under annealing conditions.Representative of Sci. August
1,2017;7 (1):6972. doi: 10.1038/s41598-017-07086- G.PMID: 28765551

Maria Cutroni,* Andrea Mandanici and Ezio Bruno Dipartimento di Fisica, Mechanical
response of some pecular superionic glasses at ultrasonic frequencies, Advance Article on
the web 19th August 2002 https://pubs.rsc.org/en/content/articlelanding/2002/cp/b203311a#
Tax J. In: Proc. of the 14th Int. Seminar on Primary and Secondary Battery Technology. Ft.
Lauderdale, Florida, 1997, p. 23-30.

Holmes C.F. Handbook of Solid State lonics, 1995, p. 157-170.

N.R. Abdulhalikova. Investigation of the thermal conductivity of a superionic gel with Na+
superionic conductivity based on natural agar(c12h1809)n. Science and innovation.
International scientific journal volume 2 issue 3 march 2023 UIF-2022: 8.2 | ISSN: 2181-
3337 | SCIENTISTS.UZ ,pp.39-43.

267



