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RECHARGEABLE BATTERIES. SOLID STATE ELECTRIC VEHICLE BATTERIES

Abstract. Most electric vehicles have a range of less than 300 miles, take more than an hour to
recharge the battery, lose almost one-third of their cell capacity over 10 years, and pose a serious safety
risk when handling flammable materials, resulting in an explosion. This article discusses the various
types of electric car batteries, their operation, advantages and disadvantages. Solid-state batteries — the
battery technology of the future, one of the most active areas of research of secondary batteries. The
scientific community believes that lithium-ion batteries have reached their limit, solid-state batteries in
recent years are seen as batteries that can inherit the state of lithium-ion batteries. The article presents
the trend of introduction and widespread use of solid-state batteries in modern electric vehicles.

Keywords: battery, ecology, solid-state battery, li-ion battery.

Introduction. Electric vehicles appeared long before the introducing the first fuel engine,
although they have recently become most popular. Currently, this type of vehicles is most
widespread, though not everyone can afford it. Electric cars are not so common in Kazakhstan,
but electric buses may already be found on the routes.

The wide demand is connected both with oil prices, and with maintaining the environment.
It is a well-known fact that an electric vehicle is considered an environmentally-friendly
transport that does not emit exhaust gases into the air. In addition, in the event of an RTA, an
electric vehicle is more reliable than a car equipped with an ICE. Despite the fact that it has
already been proven that electric vehicles also ignite, this happens once in a lifetime. Batteries
were the source of ignition, mainly due to an accident, mechanical damage and a short circuit
while recharging. Tesla developers are constantly upgrading the cars and perform gap analysis
to improve and strengthen the battery compartment with new materials (aluminum and titanium).

At the moment the solid-state lithium batteries have already been invented, which do not
contain liquids and are able to withstand high temperatures. Therefore it allows to minimize the
risk of ignition.

ACC or accumulator storage battery is a direct current source. It usually consists of several
rechargeable batteries and is intended for accumulation, storage and consumption of energy. Due
to the reversibility of chemical procedures, namely the conversion of chemical energy into
electrical one, the battery can be repeatedly charged and discharged.

The history of its creation originates in Italy, when Alessandro Volta experimentally
created the first direct current source, later called the "Voltaic Pile". It was an incredible
discovery when Volta has found that by lowering two metal plates made of copper and zinc into
a container filled with acid, and by connecting them with a wire, a current could flow through
the latter.

Rechargeable batteries find use in many industries. One can hardly imagine the modern
world without the use of batteries. They are used in household appliances, motor cars and also
serve as backup power sources.

General. ACC specification and its scope of application depend on both the electrode
material and the electrolyte composition. There are more than 20 types of batteries, but the most
common are the following: lead-acid, nickel-cadmium, nickel-salt, li-ion, nickel-metal-hydride,
nickel-hydrogen, iron-nickel and silver-cadmium.

Each battery is optimized for various conditions and is intended to transfer a certain
specific energy. Due to the use of various chemical elements for electrodes and electrolytes,
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scientists are able to achieve the required specification of the battery for a particular scope of
application.

A lead-acid battery is considered the most frequently used of all the above-mentioned. It
has been invented away back in the 19th century by Gaston Plante. The name provides that the
battery consists of lead and acid. It is tightly packed with lead and lead-oxide plates, which
makes it heavier than other types of batteries. Unless a lead plate and a lead-oxide plate is put
in sulfuric acid and connected to a light bulb using wires, the LED lights up when closing the
circuit. The current flows from the lead-oxide cathode to the anode lead. The lead generates
electrones which are then accepted by the lead oxide. This exchange procedure turns both plates
into solid lead sulfate.

Commonly the battery either has a high energy density or power. The difference is that a
battery with a high energy density may store a large amount of energy and lose it gradually. A
high-power battery is designed to lose energy in a large amount quickly and immediately, for
instance, to start a motor car.

However, a lead-acid battery is not very reliable to be used as a motor car battery. Unless
the battery is fully discharged several times, it may be possibly destroyed. This is due to the
baking by lead sulfate of the space between the plates inside the battery. This proves that the
appropriate types of batteries are used depending on the application.

Thus, an electric vehicle should use li-ion batteries, since they have best performance. The
li-ion battery has been invented away back in 1980. The design includes four elements, such as
positively and negatively charged electrodes, a separator and a liquid electrolyte.

Battery specifications may be improved by the nano-structured materials: the cathode
material is lithium-iron-phosphate. Its particles are small-sized, and permeated with channels of
less than one nanometer, which allows to increase the rate of filling the material with lithium
ions; the anode material is graphite with a layered structure, the lithium ions freely penetrate
whereinto. Therefore the recharging time of the motor car is reduced.

Nevertheless, li-ion batteries are gradually taking a back seat, since the above-mentioned
solid-state batteries have come to replace them. The battery creation has become a breakthrough
in the field of batteries for electric vehicles.

The beginning was launched by the invention of Michael Zimmerman, working in the field
of solid-state batteries. His invention allowed to increase the capacity of batteries, as well as
make them safe and cobalt-free, despite the fact that the lack of the latter has logically made the
battery explosive.

It was required to get rid of the liquid electrolyte. But before Zimmerman's invention noone
could have successfully introduce a solid electrolyte for many years. Zimmerman has created a
polyphenyl sulfide-based polymer fire-resistant material, which may carry electrons at a room
temperature. The material itself may be machined, further it is strong enough and is able to
withstand the effects of many chemicals.

The technology of solid-state lithium batteries uses a combination of lithium and sodium
glass as a conductive material to replace the electrolyte of previous lithium batteries and
significantly increase the energy density of lithium batteries, which is twice as large as that of
li-ion batteries.

By 2030 the electric vehicles shall be mostly oriented towards the solid-state batteries, and
li-ion batteries seize to be the main batteries for electric vehicles, despite the use in some
electronic items.

When compared to standard li-ion batteries, the solid-state ones have the following four
main advantages:

The first advantage is that it is light-weight. Following the use of the entire solid
electrolyte, the corresponding li-ion battery material system is also changed. The fact is that
there is no need to use a negative graphite electrode with intercalated lithium, but metal lithium
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may be directly used as a negative electrode to significantly reduce the negative electrode
material, and the amount of energy may significantly increase the electrode specific energy

The second advantage is that it is thin. Common li-ion batteries require separators and
electrolytes, which make up almost 40% of the battery and 25% of its mass. Unless the solid
electrolytes are replaced (mainly organic and inorganic ceramic materials), the distance between
the anode and the cathode (filled with a diaphragm electrolyte by standard) may be reduced to
12 micrometers by any number of times, which shall significantly reduce the battery thickness.

The third advantage is that it has a flexibility prospect. Even fragile ceramic materials may
be bent unless their thickness is only a millimeter or less, thus the material can become flexible.
It significantly increases the flexibility of all solid-state batteries after they become thinner and
lighter. Manufactured batteries may withstand hundreds to thousands of times of bending to
ensure performance when proper packing procedure (not in a solid shell). There is no fading by
default.

The fourth advantage is that is has a high-safety rate. Common lithium batteries may pose
the following risks:

1) High currents may break through the diaphragm and cause a short circuit.

2) The electrolyte is the organic liquid, thus the oxidation and the scales formation occur
at high temperature. The tendency to gas and combustion shall increase.

Any solid-state battery technology may directly solve the two above-mentioned issues.

However, the solid-state batteries still have to solve issues such as electrical conductivity,
safety, stability and high cost.

In 2020 Tesla has produced a Quantum Scape solid-state battery with a huge capacity and
charging speed. A solid-state battery is the very thing: a tightly compressed arrangement of solid
materials, rather than the soft consistency which makes up a typical li-ion battery. Both the solid-
state composition and the design present an electrochemical device that promise incredible
results. There is little information about the material used, but one may suggest that it is made
on a ceramic basis and uses four precursors.

The company also claims that the developers have eliminated all the issues related to the
solid-state batteries. The cycle life was the one of such issues. Now the batteries retain more
than 80% of their capacity after 800 cycles (386 thousand km).

Indeed, the result Tesla presented may be rightfully considered a large breakthrough in the
field of batteries.

But not only Tesla has been working on the creation of solid-state batteries with high
capacity and performance. In the spring of 2020, Samsung has presented its solid-state battery
prototype.

Scientists have been working on the issues such as the cycle life and safety of the battery.
They offered using a composite layer of silver and carbon for the anode. This allowed to increase
the capacity, cycle life and overall safety of the solid-state battery prototype. The prototype has
also proved to be 50% smaller than a li-ion battery in terms of dimensions.

This battery shall allow electric vehicles to drive up to 800 km without recharging, and the
battery shall have more than 1000 cycles (charging/discharging).

Conclusion. The operation mode of a solid-state battery is the same as that of a li-ion
battery, but a solid-state battery may be rightfully considered a new generation battery which
replaces a liquid electrolyte with a solid one. It has a high resistance, therefore it shall never
ignite or explode even in the event of a puncture. Experts report that the development of next-
generation batteries, including fully solid-state ones, shall help to pave the way for the future
market. Japan has formed a large-scale public-private consortium centered at Toyota and has
initiated its commercializing for electric vehicle batteries.
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AKKYMYJIATOPJIBIK BATAPESIJIAP.

SJIEKTPOMOBUJIBJAEPAIH KATTbI AEHEJII AKKYMYJIATOPJIBIK BATAPESAJIAPBI

Anparna. KemnrereH sneKTpoMOOWIBAEPIiH KYMBIC icTey KAambIKThIFRI 300 MUIIbIIEH acTal[b,
AKKyMYJISTOpJBIK OaTapesHbl KaliTa KyaTtayra Oip caraTTaH acTaMm yakbIT Kerefi, onap 10 >KbUIIbIH
ITiHIe AJIEMEHTTEP CHIHBIMIBLIIBIFBIHBIH YIITESH OipiH dKOFANTAIBI KOHE KaPBIIBICKA bl KeTyl MyMKiH
JKEHIJI KaHAThIH MaTepuajapMeH KYMBIC ICTereHie Kayilci3aikke Kayin TeHaipyi MyMKiH. Makanana
3NEKTPOMOOWIBAEPAIH TYpJi AaKKyMyJIsTOp TypJiepi, ONapiAblH >KYMBICHI, apTHIKIIBUIBIKTApbl MEH
KEeMINUIIKTEPi KapacThipbuirad. KaTTel leHeni OaTapesuiap — KeJIeNEKTeri akKyMYJISTOPJIBIK TEXHOIOT U,
KalfTasama Oartapesiapisl 3epTreyaeri OenceHai OarbiTTapAblH Oipi. FbulbIME KOFaMHBIH MiKipiHIIe,

JIUTUH-UOH OaTapesiChl ©31HIH HIETiHE ETTi, KAaTThl JEeHeN OaTtapesap COHFBI JKbUIAAphl JTUTUH -UOH
OaTapesyapblHBIH Kajfachl PETIHIE KapacThIpbUIyJa. 3aMaHayd 3JICKTPOMOOMIIBIEe KaTThl JEHEI
OaTtapesnapAbl eHIIpY MEH KEHiHEH MallallaHy TeHICHIMACHI KapacThIPBIIAIbI.

Heri3ri ce3nep: 6arapesi, 5K0JI0rHs, KaTThl JACHEI OaTapes, TUTHIH-UOH OaTapesichl.
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AKKYMYJISATOPHBIE BATAPEU. TBEPJOTEJIBHBIE AKKYMYJIATOPHBIE BATAPEN

SJIEKTPOMOBUJIA

AHHOTanHs. BOJBIIMHCTBO AIEKTPOMOOMICH UMEIOT JaNbHOCTh JelicTBus meHee 300 muib, Ha
repe3apsaaKy akKKyMyJdaTOpHOHM Oarapen yxomuT Ooliee daca, OHH TEPSAIOT IMOYTH OIHY TPETh CBOCH
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E€MKOCTH DJIEMEHTOB B TeueHHe 10 JIEeT U MpeacTaBISIIOT CEPhE3HYI0 YIPo3y 0€30MacHOCTH IPH padoTe ¢
JIETKOBOCTUIAMEHSIOIIIMMUCS MaTepuajaMH, YTO TMPUBOIUT K B3pHIBY. B MaHHOW cTaThe pacCMOTPEHBI
pa3NuYHBIE THIB aKKyMyJIATOPOB DJJIEKTpOMOOWIed, mx paboTa, MPEHMYIIECTBA W HEIOCTATKU.
TBepnorenbHble OaTapen — aKKyMYJSTOPHAas TEXHOJOTHsI OyIyIIero, OJHO M3 CaMbIX aKTHBHBIX
HaImpaBJIeHUH UCCIEIOBAHUNA BTOPUUYHBIX OaTapeil. HayuHoe coo0mecTBO CUUTAET, 9TO JTUTHH -HOHHBIE
OaTapeu IOCTUTIIM CBOETO Mpeena, TBepA0TeIbHbIE OaTaper B MOCISAHUE TOIbl PACCMATPUBAIOTCS Kak
OaTtapeu, KOTOpbIE MOTYT YHACJIEIOBaTh COCTOSIHHE JINTHI-HOHHBIX OaTapei. [Ipencrasiena TeHaeHINS
BHEJAPCHUS U NTUPOKOTO HCIOJb30BAHUS TBEPAOTEIBHBIX OaTapeil B COBPEMEHHOM 3JIESKTPOMOOUIIE.
KaroueBsble c1oBa: 6atapes, SKOJIOTHs, TBEPAOTEIIbHAS OaTapes, JIUTHH-HOHHbBIE OaTapeu.
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