
 
 

BRNO UNIVERSITY OF TECHNOLOGY 

VYSOKÉ UČENÍ TECHNICKÉ V BRNĚ 

 

 

FACULTY OF ELECTRICAL ENGINEERING AND 
COMMUNICATION 

FAKULTA ELEKTROTECHNIKY 
A KOMUNIKAČNÍCH TECHNOLOGIÍ 
 

 

DEPARTMENT OF FOREIGN LANGUAGES 

ÚSTAV JAZYKŮ 

 

 

 

 

 

ADVANCED SYSTEMS OF LI-ION 
ACCUMULATORS 

POKROČILÉ SYSTÉMY LI-ION AKUMULÁTORŮ 

 

 

 

BACHELOR'S THESIS 

BAKALÁŘSKÁ PRÁCE 

 

AUTHOR 

AUTOR PRÁCE 

 

Kristýna Lexová 

SUPERVISOR 

VEDOUCÍ PRÁCE 

CONSULTANT  
KONZULTANT 

 

Mgr. et Mgr. Hana Mihai 
 
Ing. Tomáš Kazda, Ph.D. 
 
 

BRNO 2017 
  

 



Fakulta elektrotechniky a komunikačních technologií, Vysoké učení technické v Brně / Technická 3058/10 / 616 00 / Brno

Bakalářská práce
bakalářský studijní obor Angličtina v elektrotechnice a informatice

Ústav jazyků
Studentka: Kristýna Lexová ID: 173589
Ročník: 3 Akademický rok: 2016/17

NÁZEV TÉMATU:

Pokročilé systémy Li-Ion akumulátorů

POKYNY PRO VYPRACOVÁNÍ:

Seznamte se s problematikou akumulátorů a jejich vývojem a principy funkce. Podrobněji se zaměřte především
na problematiku týkající  se lithno-iontových akumulátorů.  Zaměřte se na jejich vývoj  a současný stav vědy
především v oblasti pokročilých vysokonapěťových katodových materiálů a systémů Li-S.

DOPORUČENÁ LITERATURA:

LINDEN, David a Thomas B REDDY. Handbook of batteries. 3rd ed. New York: McGraw-Hill, 2002, 1 v.

YOO, Hyun Deog, Elena MARKEVICH, Gregory SALITRA, Daniel SHARON a Doron AURBACH. On the
challenge of developing advanced technologies for electrochemical energy storage and conversion. Materials
Today. 2014, 17(3): 110-121.

DELL, R. Batteries fifty years of materials development. Solid State Ionics. 2000, 134(1-2): 139-158.

Termín zadání: 6.2.2017 Termín odevzdání: 2.6.2017

Vedoucí práce:     Mgr. et Mgr. Hana Mihai
Konzultant:     Ing. Tomáš Kazda, Ph.D.

 doc. PhDr. Milena Krhutová, Ph.D.
předseda oborové rady

UPOZORNĚNÍ:
Autor bakalářské práce nesmí při vytváření bakalářské práce porušit autorská práva třetích osob, zejména nesmí zasahovat nedovoleným
způsobem do cizích autorských práv osobnostních a musí si být plně vědom následků porušení ustanovení § 11 a následujících autorského
zákona č. 121/2000 Sb., včetně možných trestněprávních důsledků vyplývajících z ustanovení části druhé, hlavy VI. díl 4 Trestního zákoníku
č.40/2009 Sb.



 ABSTRACT 
 

With the growing need for energy for portable electronics and electric vehicles, the 

issue of energy storage becomes increasingly important. This bachelor’s thesis 

provides an overview of electrochemical sources of energy, focusing on lithium-ion 

accumulators and the most commonly used cathode materials. It discusses the 

development of high-voltage cathode materials, including the system lithium-

sulphur. The experimental part of this thesis describes the preparation of several 

cathode samples and compares their electrochemical properties. 
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ABSTRAKT 
 

S rostoucí potřebou energie pro přenosnou elektroniku a elektrická vozidla se 

problematika úschovy elektrické energie stává stále významnější. Tato bakalářská 

práce poskytuje přehled elektrochemických zdrojů energie, a to zejména lithno-

iontových akumulátorů a nejpoužívanějších materiálů pro kladnou elektrodu. Práce 

pojednává také o vývoji vysokonapěťových katodových materiálů, včetně systému 

lithium-síra. Experimentální část této práce popisuje zhotovení několika vzorků 

kladných elektrod, a porovnává jejich elektrochemické vlastnosti. 
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Introduction 

 

Many years have passed since the very first electrochemical cell was invented by 

Alessandro Volta at the end of the eighteenth century. Thereafter, as batteries quickly 

became an integral part of our daily lives, the battery industry has grown markedly. And 

yet the research on batteries and accumulators still has a great space to continue.  

Energy, or more precisely the lack of it, is one of the greatest issues of our time, 

regarding growing demands on sources of electrical energy in portable consumer 

electronics. Lithium accumulators play an essential role in terms of consumer electronics.  

Bigger displays, powerful processors, Wi-Fi connection and various applications require 

stable, accurate, reliable, safe and, last but not least, small and lightweight energy sources. 

Today, lithium accumulators belong to the most frequently used sources of electric 

current in portable electronics. 

Even though combustion engines still occupy bigger part in the field of 

transportation, electric drives undoubtedly have their place in this area as well. The first 

electric vehicles are almost as old as the first batteries. Furthermore, the first electric 

vehicle was constructed even before the first automobile with combustion engine. As for 

the future, the use of electric drives could significantly reduce the greenhouse effect our 

planet is facing. Rechargeable batteries seem to be the most relevant power sources in 

this field; lithium based accumulators in particular, as they have high energy density - 

a crucial factor in the choice of electric propulsion systems.  

Lithium based accumulators are undoubtedly of growing importance. This 

bachelor’s thesis provides a brief introduction into the matter of electrochemical sources 

of energy, focusing on lithium-ion accumulators, comparing the most commonly used 

cathode materials and discussing the systems beyond Li-ion rechargeable batteries, such 

as the system based on the combination of lithium and sulphur. In the experimental part 

of this thesis, the preparation and measurement of several cathode samples is described. 

The samples are compared on the basis of their electrochemical properties. 
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1 Electrochemical Sources of Energy 
 

Electrochemical sources of energy are devices that transform chemical energy into 

electrical energy; more specifically into energy in the form of direct current. The basic 

unit of an electrochemical source of current is an electrochemical cell, which is also 

sometimes called a galvanic cell. (Cenek et al., 2003)  

Galvanic cell is formed by two separated electrodes – the positive electrode (also 

called cathode), and the negative electrode (also called anode) – and electrolyte. In 

general, cathode accepts electrons and is reduced during discharge, whereas anode gives 

up electrons and is oxidized. Electrolyte forms a conductive medium between the anode 

and cathode and is usually a liquid. (Linden  Reddy, 2002) 

Cells can be divided into two main categories according to their principle: 

1) Primary cells – for one discharge only. For its chemical composition, it 

cannot be electrically recharged. The chemical reaction stops after one cycle 

and the cell loses its functionality.  

2) Secondary cells – electrically rechargeable cells. They can withstand a large 

number of cycles. (Bagockij  Skundin, 1987) 

In practice, battery is a term used for a system of primary cells and accumulator is 

a term used for a system of secondary cells. (“Nickel Metal Hydride Batteries”, 2005) 

Rechargeable batteries, or accumulators, are the topic of this work. A brief history and 

classification of accumulators follows in the next chapter.  
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2 Accumulators 
 

As explained above, accumulators are electrochemical sources of current and are 

also commonly known as secondary cells. The term accumulator is derived from the 

essential attribute of this type of battery, namely the accumulation of energy. It can be 

repeatedly discharged and electrically recharged again. Accumulators therefore belong to 

rechargeable sources of electrical energy. (Cenek et al., 1996)  

 

2.1 History 
 

The origin of electrochemical science dates back to the late eighteenth century and 

is related to Alessandro Volta; an Italian scientist who invented the Voltaic Pile and is, 

therefore, referred to as the inventor of the first electrochemical battery. Batteries are 

classified as primary cells. These batteries are not rechargeable; the chemical reaction 

stops after one cycle and cannot be restored. (Linden  Reddy, 2002) 

The year 1859 is another important milestone in the history of electrochemical 

sources of energy. In 1859, the first rechargeable lead-acid battery was invented by the 

French scientist Gaston Planté. The discovery of this first accumulator was followed by 

the invention of nickel-cadmium accumulator by the Swedish engineer Waldmar Junger 

in 1901 (Scrosati, 2011). Though innovated, accumulators on lead-acid and nickel-

cadmium bases are still used more than one hundred years later after these scientific 

breakthroughs.  

However, during the second half of the twentieth century, existing batteries and 

accumulators were not sufficient for the evolving technology in terms of their energy 

density, weight and large dimensions. This situation led to research into other applicable 

materials and was the birth of lithium based accumulators. The first lithium based primary 

cells replaced zinc-mercury batteries used in pacemakers in the second half of the 

twentieth century. Lithium batteries provided much higher energy density and much 

longer operational life than conventional batteries, which was the outset of a new era, the 

era of secondary Li-ion cells. The first practically applicable lithium based accumulator 

was introduced by Sony in 1991. (Scrosati, 2011) Nevertheless, the challenge of finding 

a perfect battery has not ended yet.  
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2.2 Classification of Accumulators 
 

Accumulators are of various constructions. All construction types of accumulators 

have their advantages, disadvantages and characteristics according to which the best 

utilization can be found. Lead-acid, nickel-cadmium, nickel metal hydride and lithium-

ion accumulators belong to the most widely used types of electrochemical energy sources. 

 

2.2.1 Lead-acid Accumulators 
 

Lead-acid accumulators have their utilization in many applications; low cost, good 

performance and maintenance-free designs of lead-acid accumulators are the main 

decisive parameters for their use in automotive industry, energy storage and electronics 

applications. Capacities of lead-acid cells vary from 1 to 10,000 Ah, and nominal voltage 

of one cell is 2 V. Regarding the electrodes, the active material of the positive electrode 

is lead dioxide (PbO2), whereas the active material for the negative electrode is lead (Pb) 

in a very porous structure. Sulphuric acid solution (H2SO4) is used as the electrolyte. 

(Cenek et al., 1996) The overall electrochemical reaction is given as follows: 

𝑃𝑏 + 𝑃𝑏𝑂2 + 2𝐻2𝑆𝑂4  ↔  2𝑃𝑏𝑆𝑂4 + 2𝐻2𝑂                              (1) 

Where “→” is discharge and “←” is charge. 

 

2.2.2 Alkaline Accumulators 
 

Alkaline accumulators constitute a relatively large group of accumulators; nickel-

cadmium, nickel-iron, nickel metal hydride, nickel-zinc, silver-zinc and silver-cadmium 

accumulators. Frequently used electrolyte – and also a common feature of alkaline 

accumulators – is potassium hydroxide (KOH). 

 

Nickel-cadmium accumulators 

 

Ni-Cd accumulators are produced in several construction designs and are available 

in a wide range of sizes. In comparison with lead-acid accumulators, nickel-cadmium 

accumulators can withstand greater mechanical abuse and have about double energy 
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density. Further advantages include longer life, little maintenance or their ability to work 

reliably at lower temperatures. However, cadmium is toxic and also expensive, which is 

a great disadvantage. In addition, Ni-Cd accumulators are to be banned from 2018 in the 

European Union. For the electrodes, nickel and cadmium are used, and potassium 

hydroxide is used as the electrolyte. Utilization rate of these accumulators is high. It is 

used in industrial applications, avionics and in small consumer electronics. (Linden  

Reddy, 2002) 

 

Nickel metal hydride accumulators 

 

Since the toxic cadmium on anode is replaced by metal alloy in Ni-MH 

accumulators, they are considered to be more environmentally friendly variation of Ni-

Cd accumulators. Their energy density is much higher compared with lead-acid and as 

well as Ni-Cd accumulators. The ability to operate in a wide temperature range together 

with long lifetime make them ideal for automotive use. They also find their use in 

consumer electronics. However, lithium based accumulators are replacing them in recent 

years. (“Nickel Metal Hydride Batteries”, 2005) 

 

2.2.3 Lithium Accumulators 
 

Being now used in laptops, cell phones and other portable electronics, lithium based 

accumulators are dominating the portable power source industry. Lithium accumulators 

represent reliable sources of energy, provide high energy density and long operational 

life. The key feature of these accumulators is their weight; compared with other types of 

accumulators, they are lighter by approximately 50%. 

Lithium accumulators can be classified into five categories: 

1. Solid-cathode cells using intercalation compounds for the positive 

electrode, a liquid organic electrolyte, and a metallic lithium negative 

electrode. 

2. Solid-cathode cells using intercalation compounds for the positive 

electrode, a polymer electrolyte, and a metallic lithium negative electrode. 
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3. Cells using intercalation compounds for both the positive and the negative 

electrodes and a liquid or polymer electrolyte (lithium-ion cells). 

4. Inorganic electrolyte cells, which use the electrolyte solvent or a solid redox 

couple for the positive and lithium metal for the negative active material. 

5. Cells with lithium-alloy anodes, liquid organic or polymer electrolytes, and 

a variety of cathode materials, including polymers. This technology has 

been used mainly in small flat or coin cells.  

(Linden  Reddy, 2002, p. 1015) 
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3 Lithium-ion Accumulators 
 

Li-ion accumulators have a wide range of applications and are manufactured in 

various sizes and shapes. Their advantages prevail over disadvantages. As a result, Li-ion 

accumulators are dominating on the market. They work, however, on a different principle 

than lead-acid and alkaline accumulators. The working principle is based only on the 

interchange of ions, not on chemical changes of the electrodes or the electrolyte. A more 

detailed explanation of the working principle of Li-ion accumulators follows. 

 

3.1 Working Principle 
 

Li-ion accumulators are sometimes referred to as rocking chair batteries. This term 

partially explains their working principle. During charge and discharge, lithium ions (Li+) 

smoothly pass from anode to cathode and vice versa. This movement is similar to that of 

a rocking chair or a swing and hence the name rocking chair battery is used. (Cenek et 

al., 2003)  

 

 

Figure 1. Intercalation process in a Li-ion cell. Reprinted from Molenda  

Molenda (2011) 
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Figure 1 provides an illustration of the basic structure of a Li-ion cell. It also 

illustrates the intercalation process. Materials used for electrodes of a Li-ion cell are 

intercalation compounds. Aluminium sheet is used as a current collector for the cathode, 

whereas copper sheet is used for the anode. The electrolyte is formed by a thin layer 

between the electrodes and enables the lithium ions to move from one electrode to another 

during charge and discharge. (Yoo et al., 2014)  

The cathode material (metal oxide) has either layered or tunnelled structure, while 

the anode material (graphitic carbon) has only layered structure. The lithium ions are 

reversibly removed or inserted into active materials of the electrodes. “When a Li-ion cell 

is charged, the positive material is oxidized and the negative material is reduced.” (Linden 

 Reddy, 2002, p. 1077) Discharge is the reverse process. 

 

3.2 Advantages and Disadvantages 
 

Li-ion accumulators have many qualities. They provide high energy density and high 

specific energy. Individual cells operate in higher voltage range than Ni-Cd and Ni-MH 

cells. Li-ion accumulators also offer long cycle life and the capability to operate in a wide 

range of temperatures. As for commercial purposes, a wide selection of shapes and sizes 

and no maintenance construction of Li-ion accumulators are major advantages. In 

addition, they have low self-discharge rate.  

On the other hand, there is a need for management circuitry to protect the 

accumulator from over-charge or over-discharge, or from very high temperatures. 

Recently, there have been some concerns about the safety of Li-ion accumulators after 

several accumulators exploded in Samsung Galaxy Note 7.  

 

3.3 Applications 

 

Lithium-ion accumulators are lightweight, they offer high energy and power density, 

long cycle life, and require minimal maintenance. These qualities make them suitable for 

use in a number of applications, for example in electric vehicles, portable electronics, or 

electric utility applications. Each application, however, has different requirements on the 
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performance of accumulators. In Li-ion accumulators, lithium is not the only element 

used in its cells. The electrochemical properties of accumulators can be adjusted by 

adding different elements into the active material of cathodes. Materials used for cathodes 

of Li-ion accumulators are discussed in more detail in the following chapter.  

The use of Li-ion accumulators in electric and hybrid vehicles is probably one of the 

most promising possibilities of future accumulator utilization. With the still developing 

technology, the driveability of modern electric vehicles is constantly improving and 

people’s interest in zero-emission vehicles is growing. Li-ion accumulators, offering 

higher energy density, are now replacing nickel-based accumulators. 

Concerning electric vehicles, it is essential for the accumulators to deliver high 

energy density. An accumulator is the main source of energy in electric vehicles, because 

there is no combustion engine as in conventional or hybrid vehicles. Therefore, the higher 

the energy density, the longer the vehicle driving range. Electric vehicles also require 

high power density of the accumulators to provide adequate acceleration. Hybrid 

vehicles, in contrast, do not need to accumulate a lot of energy. Accumulators in hybrid 

vehicles must sustain high loads from braking and starting. Finally, an important property 

of Li-ion accumulators utilised in automobility is their low weight, being the reason for 

replacing Ni-MH accumulators. (Linden  Reddy, 2002) 

Safe operation is essential for both types of these vehicles, because safety is one of 

the most important aspects. Most of the manufacturers choose safer (yet more expensive) 

materials and design to reduce the risk of accumulator explosion in case of an accident. 

(Linden  Reddy, 2002)  
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4 Electrode Materials for Li-ion Accumulators 
 

Apart from constructional parts, every Li-ion accumulator has a positive and 

a negative electrode. The electrodes are very thin (about 200 μm) and are made from so 

called intercalation materials. These materials are capable of incorporating lithium ions 

into their crystal lattice. (Kratochvíl, 2009) Many different electrode materials are used 

in today’s accumulators. Lithium accumulators are costly nowadays, but lithium itself is 

not the most expensive element in it. Cobalt in positive electrodes is a major factor in the 

cost, being also the reason for further research into other suitable electrode materials. 

(Nitta, 2014) For the future, it is important to make Li-ion accumulators cheaper and 

thereby make them more widespread in various applications. 

 

4.1 Positive Electrode Materials 
 

Positive electrode materials must satisfy a whole range of requirements in order to 

make Li-ion accumulators commercially available. High-capacity materials must 

incorporate large quantities of lithium. It is also important that the materials reversibly 

exchange lithium with the smallest possible structural change; this provides long cycle 

life and high columbic and energy efficiency. High lithium ions mobility in the material 

and good electric conductivity are also very important requirements for a positive 

electrode material. A crucial factor is compatibility with other materials that are used in 

the cell. This means that the electrode material must be insoluble in the electrolyte. As 

mentioned above, there is a great effort to reduce the cost of Li-ion accumulators. Hence, 

inexpensive materials and low cost synthesis are preferred. (Linden  Reddy, 2002)  

According to their crystal structure, electrode materials can be divided into several 

groups: layered, spinel, olivine and tavorite. (Nitta, 2014) Layered structure of LiCoO2 

(a), spinel structure of LiMn2O4 (b), olivine structure of LiFePO4 (c) and tavorite structure 

of LiFeSO4F (d) are shown in Figure 2. The layered structure was the very first form of 

intercalation compound.  

Nowadays, LiCoO2, LiNi0.33Mn0.33Co0.33O2, LiMn2O4 and LiFePO4 belong to the 

most widely used cathode materials for Li-ion accumulators. Even though cobalt (Co) is 

expensive, LiCoO2 is the most commonly used material. It is given by the fact that 
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LiCoO2 was the very first commercially used material and, therefore, the synthesis of it 

is now well established. 

 

 

Figure 2. Crystal structures of cathode intercalation compounds: structure of 

(a) LiCoO2, (b) LiMn2O4, (c) LiFePO4 and (d) LiFeSO4F. Adapted from Nitta et al. 

(2014) 

 

4.1.1 LiCoO2 

 

Soon after Goodenough introduced this form of layered transition metal oxide 

cathode material, SONY combined it with a carbon anode and presented the first 

commercial lithium-ion rechargeable battery. The carbon anode decreases the chance of 

the formation of dendrites, and thus makes the accumulator safer as the risk of cell 

shorting is smaller. Since 1991, lithium cobalt oxide maintains its dominating position on 

the market.  

In comparison to other oxides, LiCoO2 is processed without difficulties. It can be 

further divided into two categories: low-temperature LiCoO2 (LT-LiCoO2) and high-

temperature LiCoO2 (HT-LiCoO2). Low-temperature LiCoO2 has spinel structure, 

whereas high-temperature LiCoO2 has layered structure. (Santiago et al., 2003) 
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Commercial cells are manufactured in the discharged state. Therefore, it is necessary to 

charge them before the first use. LiCoO2 is notable for its low self-discharge, high 

discharge voltage and good cycling performance. (Nitta, 2014)  

Its theoretical capacity is 274 mAh/g, but the capacity that can be achieved in practice 

is lower, approximately 140 mAh/g. The reason for this significant difference between 

the capacities is the layered structure of LiCoO2. During de-intercalation, the structure of 

this material may collapse as the lithium ions are removed from the structure. If the 

amount of removed Li ions exceeds 50 %, it damages the structure and leads to a loss of 

capacity.  Another great disadvantage of lithium cobalt oxide is its thermal instability. At 

temperatures higher than 180 °C, the oxygen is released from the electrode material 

structure and causes further reactions with the electrolyte. This results in a growing 

temperature inside the accumulator which may even ignite. (Kazda, 2015) On the other 

hand, LiCoO2 has good voltage of 3.88 V vs. Li. However, there is a limited availability 

of cobalt, which is the reason why only small cells are manufactured and why the price is 

quite high.  

High price together with the disadvantages of LiCoO2 is the reason for research into 

new convenient materials. LiNiO2 is one of the materials created in order to replace 

LiCoO2. 

 

4.1.2 LiNiO2 
 

In terms of structure, LiNiO2 is similar to LiCoO2. This material offers higher 

capacity of 200 mAh/g, but slightly lower voltage, 3.55 V vs. Li compared with LiCoO2. 

Despite the fact that nickel (Ni) is cheaper than cobalt (Co) and has high energy density, 

LiNiO2 accumulators are not widely used in commercial applications. The reason is that 

Ni ions are blocking the Li ions diffusion pathways during synthesis.  It is also more 

thermally unstable material than LiCoO2. These problems can be solved by adding small 

amounts of other elements into the compound. By adding aluminium (Al), for instance, 

both electrochemical performance and thermal stability of the material can be improved. 

(Nitta, 2014)  
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4.1.3 LiFePO4 
 

Padhi et al. (1997) wrote an article about their discovery of a perspective candidate 

for a new cathode material, lithium iron phosphate. It is inexpensive, nontoxic and 

environmentally benign material that can be easily manufactured. LiFePO4 has higher 

capacity than LiCoO2; its capacity is about 170 mAh/g. Its voltage is approximately 3.4 V 

vs. Li. Nevertheless, the conductivity of this material is very low at room temperature, 

which is also a great disadvantage. To improve its electrochemical performance, a thin 

carbon coating is used. (Whittingham, 2004) On the other hand, LiFePO4 exhibits a great 

stability during discharge and recharge.  

 

4.1.4 LiMn2O4 
 

Lithium manganese oxide is an example of a very promising material with spinel 

structure. Low productional cost and environmental friendliness of manganese (Mn) are 

only two examples of advantages this material offers. Further important properties when 

compared with LiCoO2 include high energy density, wider operational temperature range 

and slightly higher cell voltage. However, there is also one serious drawback of LiMn2O4. 

Its capacity decreases radically during cycling and also during storage in both charged 

and discharged state. Thus, it is not exploitable in certain applications, for instance in 

electric vehicles. (Kršňák, 2014)  

Here is a comparison of capacity and voltage characteristics of positive electrode 

materials discussed above (see Table 1). Lithium cobalt oxide offers high voltage of 

3.88 V vs. Li, as well as good capacity, 155 mAh/g. Lithium manganese oxide, on the 

other hand, has slightly lower capacity than LiCoO2, but it offers higher voltage, 4.0 V 

vs. Li. Voltage of lithium iron phosphate is significantly smaller, 3.40 V vs. Li.  
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Table 1. Characteristics of positive electrode materials 

Material 
Specific capacity 

[mAh/g] 
[V] (vs. Li) 

LiCoO2 140 3.88 

LiMn2O4 120 4.00 

LiFePO4 170 3.40 

LiNiO2 200 3.55 

 

There are continuous research efforts on developing new materials for positive 

electrodes of lithium ion accumulators. Future materials should offer higher voltage or 

capacity (compared with LiCoO2 and LiMn2O4) and reduce costs of Li-ion accumulators 

at the same time.  

 

4.1.5 LiMn0.33Ni0.33Co0.33O2 
 

LiMn0.33Ni0.33Co0.33O2 belongs to materials with layered structure and is the latest 

material that has the potential to replace LiCoO2. It was created from LiNi0.5Mn0.5O2 by 

adding Co and, therefore, improving the stability of the structure. This compound offers 

potential of approximately 3.8 V vs. Li and capacity of 160 mAh/g. (Moseley  Garche, 

2014) LiMn0.33Ni0.33Co0.33O2 is also cheaper as the amount of Co is smaller. (Nitta, 2014) 

It is a very promising material for the future as it might be used in high-power Li-ion 

accumulators. The disadvantage of this cathode material is – again – the use of Co. Even 

though the amount of cobalt is reduced here, it is important for the future materials to 

exploit some other elements. As far as future is concerned, the electrochemical properties 

of LiMn0.33Ni0.33Co0.33O2 could be enhanced even more, for example by coating the 

electrode with a thin layer of graphite. (Kratochvíl, 2009)  
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Figure 3. A comparison of discharge profiles of commonly used cathode materials. 

Adapted from Nitta et al. (2014) 

 

Here is a comparison of discharge profiles (see Figure 3) of the most commonly used 

cathode materials discussed above, namely: LiCoO2, LiMn2O4, LiFePO4 and 

LiNi0.33Mn0.33Co0.33O2. There are also two extra materials that were not discussed in this 

thesis, LiNi0.8Co0.15Al0.05O2 and LiFeSO4F. 

 

4.2 Future Positive Electrode Materials 
 

Currently ongoing experiments show that in the near future, it will be possible to 

produce impressing cathode materials. Recently, there have been great efforts to develop 

high-voltage cathode materials the charging voltage of which would reach 5.0 V. This 

might be achieved by modifications of currently used materials, as for instance LiMn2O4. 

Such a modification led to the development of LiNi0.5Mn1.5O4. 

 

4.2.1 LiNi0.5Mn1.5O4 
 

This is a high-voltage material derived from LiMn2O4 by substituting part of 

manganese by nickel. LiNi0.5Mn1.5O4 has spinel structure as well as LiMn2O4. High 

operating voltage, 4.7 V vs. Li, high theoretical capacity of 148 mAh/g together with 

potentially low cost make this material suitable for use in electric vehicles. Its energy 
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density is 700 Wh/kg, which is 20% higher than that of LiCoO2 and even 30% higher than 

that of LiFePO4. However, the advantage of high voltage also brings a great disadvantage. 

High voltage causes instability of the system, and higher temperatures during cycling 

cause the dissolution of Mn ions. These shortcomings can be suppressed by doping the 

lattice with other elements or by various surface coatings. For doping, several different 

elements had been used recently; for example copper (Cu), ruthenium (Ru), chromium 

(Cr) or aluminium (Al). (Kazda, 2015)  

 

4.2.2 LiCoPO4 
 

LiCoPO4 is a high-voltage cathode material with olivine structure. It belongs to the 

same group of cathode materials as LiFePO4. LiCoPO4, however, has higher voltage than 

LiFePO4, about 4.8 V vs. Li. It is also characterized by high theoretical energy density of 

nearly 800 Wh/kg. The problem here is low electric conductivity of this material, which 

is 3.4∙10-9 S/cm. This property prevents it from practical use. On the other hand, phospho-

olivines have strong P-O covalent bond, which creates good stability of the structure. One 

possible way of improving electrochemical properties of this material is again by 

conductive carbon coating. Other ways are substitution of cations or anions and particle 

size minimization. (Ÿrnek et al., 2016)  

 

4.2.3 Systems Li-S 
 

System lithium-sulphur (Li-S) is very attractive for the future of electrochemistry as 

it one day may replace conventional Li-ion accumulators. Li-S is not an intercalation 

compound; it belongs to conversion cathode materials. In contrast to cobalt, sulphur is 

naturally abundant and significantly cheaper. Li-S cell has high theoretical capacity of 

1675 mAh/g, which is 10 times higher than theoretical capacities of currently used 

materials. The theoretical specific and volumetric energy densities of a Li-S accumulator 

can reach values of approximately 2600 Wh/kg and 2800 Wh/l, respectively, making 

systems Li-S promising for automotive industry. (Gu, Hencz,  Zhang, 2016)  
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Figure 4. An illustration of a typical Li-S cell. Reprinted from Lin  Liang (2015) 

 

An accumulator Li-S consists of a positive electrode, a negative electrode, an 

electrolyte and a micro-porous membrane. In a typical Li-S cell (see Figure 4), there is a 

metallic lithium anode separated by an electrolyte, and the cathode that consists of sulphur 

and a conductive additive, carbon. (Gu et al., 2016) The electrochemical reaction in  

a Li-S cell during discharge and recharge can be described by the following equation, 

where “→” is discharge and “←” charge:  

2𝐿𝑖 + 𝑆 ↔   𝐿𝑖2𝑆                                                    (2) 

In nature, however, sulphur has eight atoms. Therefore, the overall equation is: 

16𝐿𝑖 + 𝑆8 ↔ 8𝐿𝑖2𝑆                                                  (3) 

Polysulphide species that are soluble in the electrolyte are formed in the cell during 

cycling. These polysulphides are the cause of so called “polysulphide shuttle”. This 

phenomenon brings the problem of rapid capacity fading. Another major disadvantage of 

the system Li-S is poor electric conductivity of sulphur (sulphur is an insulant). In 

addition, sulphur is subject to volume expansion during cycling. This volume expansion 

can seriously damage the entire cell. (Gu et al., 2016)  
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4.3 Negative Electrode Materials 
 

The first negative electrode material used in Li-ion accumulators was pure lithium 

metal as it was thought to be an ideal anode material. This material was used primarily 

for its high capacity. Nevertheless, it was soon replaced by other materials because of 

unsatisfactory safety performance. Li metal anodes can be dangerous as they may cause 

short circuiting of the cell due to dendrites formed on anode surface; Li metal can even 

cause the battery to catch fire. Moreover, Li metal anodes have short cycle life. (Xu et al., 

2014) 

 

4.3.1 Intercalation Materials 
 

Nowadays, predominantly carbon-based materials are used in negative electrodes. 

There are many types of carbon materials that can be utilized in accumulators, such as 

natural graphite or hard carbons. Modern carbon materials provide high specific capacity 

and low irreversible capacity. (Linden  Reddy, 2002) 

The structure of a carbon material determines its electrochemical properties. 

Graphitic materials are composed of basic building blocks. One block is a planar sheet of 

carbon atoms that are arranged in a hexagonal array. (Linden  Reddy, 2002) During the 

intercalation process, Li ions are reversibly inserted into and removed from the graphite 

structure with the ratio of one atom of lithium per six atoms of carbon (see Figure 5). The 

theoretical capacity of graphite is approximately 372 mAh/g. (Jirák, 2011)  

 

 

Figure 5. Intercalation of Li ions into graphite structure (Jirák, 2011) 
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Another important intercalation anode material is lithium titanium oxide (Li4Ti5O12 

or LTO). Lithium titanium oxide is considered safe as the formation of Li dendrites is 

prevented thanks to its high potential. LTO also offers small volume change during 

cycling and thus greater structure stability. LTO can last for thousands of cycles and is, 

therefore, suitable for applications which put high demands on lifetime. However, higher 

cost of Ti might be a disadvantage when compared to the cost of graphite. In addition, 

LTO has lower capacity than graphite (175 mAh/g). (Nitta, 2014) 

 

4.3.2 Alloying Materials 
 

This group of negative electrode materials electrochemically alloys with lithium. 

Alloying materials can offer high volumetric and gravimetric capacity. Nevertheless, their 

volume change during operation is very large; rapid change in volume results in short 

cycle life and electrolyte decomposition. Silicon (Si) has been investigated mainly for its 

high volumetric and gravimetric capacity. Low cost, abundance, chemical stability and 

non-toxicity are further advantages of Si. Other alloying materials of high interest are for 

example tin (Sn), germanium (Ge), gallium (Ga) and antimony (Sb). (Nitta, 2014) 

 

4.3.3 Conversion Materials 
 

Further anode materials belong to a group called conversion materials. This group 

uses a combination of transition metals, such as manganese (Mn), iron (Fe) or cobalt (Co), 

and non-metals (e.g. oxides, nitrides, phosphides and hydrides). Conversion materials 

have the potential to create high-capacity electrode materials as they can have specific 

capacities much higher than graphitic carbon. However, further research is necessary due 

to prevailing disadvantages of conversion anodes, for instance large irreversible capacity. 

(Nitta & Yushin, 2013) 
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5 Measurement Methods 

 

This chapter briefly explains the measurement methods that were used for the 

analysis of electrochemical properties of samples in the experimental part of this 

bachelor’s thesis, namely the cyclic voltammetry, galvanostatic cycling and 

electrochemical impedance spectroscopy. 

 

5.1 Cyclic Voltammetry 

 

Cyclic voltammetry is a type of electrochemical measurement method that is used to 

study electrochemical reactions in various materials. The procedure is performed in 

cycles; forward scan and reverse scan can be observed in one cycle. During cyclic 

voltammetry, the cell with electrodes in an electrolyte solution is connected to a voltage 

source. Potential applied to the working electrode is changed linearly with time. The 

speed of this change is called the scan rate. The results of cyclic voltammetry are 

represented as a voltammogram (see Figure 6), in which the current at the working 

electrode is plotted as a function of voltage. (Linear Sweep and Cyclic Voltametry (sic!): 

The Principles, n.d.)  

 

 

Figure 6. Cyclic voltammetry potential waveform (on the left) and a typical cyclic 

voltammogram (on the right) (Linear Sweep and Cyclic Voltametry (sic!): The 

Principles, n.d.) 
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5.2 Galvanostatic Cycling 
 

The capacity of the tested material can be determined using galvanostatic cycling. 

This method is based on the charging and discharging of a tested cell by a constant 

current. Based on this fact, galvanostatic cycling is sometimes called constant current 

cycling. The current used for the charging and discharging of the tested cell is set in 

multiples of units called “C” instead of Amperes, where the current 1C means that the 

capacity of the tested cell is fully charged in one hour. (Čech, 2015)  

 

5.3 Electrochemical Impedance Spectroscopy 
 

Electrochemical impedance spectroscopy or simply impedance spectroscopy is 

a method used for determining electrochemical properties of a material. This 

measurement method is based on the fact that electrochemical cells can be modelled as 

equivalent circuits. An equivalent circuit is a network of electrical circuit elements, such 

as resistors or capacitors. During an impedance measurement, a small amplitude AC 

signal is applied to the cell. The cell then behaves as an impedance having both imaginary 

and real part. The frequency of the signal varies from low frequencies to high frequencies. 

This is because every individual impedance of the circuit reacts to different frequencies. 

The results of the measurement are visualized in Nyquist plot (see Figure 7). (Vilhelm, 

2011)  

 

 

Figure 7. Example of an equivalent circuit and its visualization in Nyquist plot 

(Makovička, 2008) 
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6 Laboratory Equipment Used in the Experiment 
 

6.1 Electrochemical Test Cell ECC-Std 
 

The ECC-Std test cell (see Figure 8) was used for sample testing in two-electrode 

configuration in the experiment. It is typically used for the characterization of Li-ion 

battery electrode (both cathodes and anodes can be tested) against a Li metal counter 

electrode. This cell can be used for cyclic voltammetry, impedance and cycle life testing. 

All parts of the cell that come in contact with electrolyte are made of either stainless steel 

or PEEK (polyether-ether-keton). (EL-CELL GmbH, 2016) 

 

Figure 8. Schematic view of the ECC-Std test cell (EL-CELL GmbH, 2016) 

 

6.2 Potentiostat BioLogic VMP3 
 

The VMP3 (see Figure 9) is a multichannel potentiostat widely used in 

electrochemistry. It is an ideal workstation for battery testing. Cells to be tested are 

connected to the potentiostat via channels (up to 16 independent channels can be 

installed). Experiments are controlled remotely from a computer by a USB or an Ethernet 
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connection. Control software EC-Lab enables the potentiostat users to adjust experiment 

settings (over 80 techniques are available). (Bio-Logic Science Instruments, n.d.)  

 

 

Figure 9. Potentiostat VMP3 (Kršňák, 2014) 

 

6.3 Glove Box Jacomex 
 

The Jacomex glove box (see Figure 10) provides an atmosphere needed for safe 

manipulation with samples. In this case, argon (Ar) is used as the inert gas, which creates 

oxygen- and moisture-free atmosphere. The glove box is fitted with an airlock through 

which samples, test cells and other equipment can be inserted into the box. The airlock is 

used to minimize changes in the inert atmosphere. Electrolytes and Li metal needed to 

assemble test cells are stored in the glove box.  

 

Figure 10. Glove box Jacomex. Reprinted from Kršňák (2014) 
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7 Experiments 
 

In the experimental part of this work, several positive electrode samples were 

prepared. The electrochemical properties of the lithium iron phosphate and lithium 

manganese oxide were measured and compared. This chapter describes the sample 

preparation procedure, and discusses the results of the measurements.  

 

7.1 Sample Preparation Procedure 
 

An example of a positive electrode sample preparation will be described on LiFePO4 

material, since it was the first material prepared for the experiment.  

The LiFePO4 electrode sample was prepared as a mixture that consisted of LiFePO4 

powder, carbon Super P, which is used to increase the conductivity of the resulting 

material, PVDF binder (Polyvinylidenfluorid), and NMP solvent 

(N-Methyl-2-pyrrolidon). Prior to mixing of the individual chemicals, all the instruments 

and containers were thoroughly cleaned with demineralized water and isopropyl-alcohol. 

The total weight of the mixture was 0.4 g. The weight ratio of the chemicals was 80% 

active material (LiFePO4), 10% carbon Super P, and 10% PVDF binder. Hence, the 

mixture contained 0.32 g of the active material, 0.04 g of the Super P carbon and 0.04 g 

of the PVDF binder. 1800 μl of the NMP solvent were used to mix the powdery chemicals 

together.  

The mixture should not contain any lumps; the mixing procedure was, therefore, 

divided into three stages. In the first stage, PVDF was added into NMP and stirred for 

approximately 15 minutes. In the second place, the Super P carbon was added and stirred 

again for another 20 minutes. In the last place, LiFePO4 was added into the mixture and 

stirred till the next day.  

The resulting mixture was subsequently coated onto a special aluminium foil using 

a coating bar. The coating bar was used to spread the mixture evenly with the thickness 

of 200 μm. The mixture was then dried in a drying oven. Individual sample electrodes 

were then cut out of the aluminium foil. The diameter of the electrodes was 18 mm. Each 

electrode was pressed with the pressure of 2000 kg/cm2 to ensure that the lithium ions 

can intercalate through the whole crystal lattice of the material and not only on the 

surface.  
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The prepared electrodes (see an example in Figure 11) were then put into the glove 

box with argon atmosphere. The glove box eliminates O2 and H2O from the atmosphere, 

making manipulation with chemicals safe. The sample electrodes, the test cell, and further 

necessary tools were put into the glove box through an airlock, which ensures minimal 

changes in the atmosphere.  

 

 

Figure 11. Prepared sample electrodes 

 

The first step of the assembling process was to prepare a counter electrode. Metal 

lithium was used as the material for the counter electrode, and it was cut out of a metal 

lithium strip. The diameter of the counter electrode was 16 mm. The surface of this 

electrode was cleared using a scalpel, and the counter electrode was then placed at the 

bottom of the cell base. The PEEK sleeve (shown in Figure 8) was used to ensure the 

electrode concentricity. In the next step, a glass fibre separator was placed onto the 

counter electrode and soaked in a solution of lithium hexafluorophosphate (LiPF6) in  

EC-DMC (1:1 ratio). The last component of the cell stack was the sample cathode. The 

cathode was weighed so that it was possible to calculate the amount of the active material. 

The cell stack was then pressed down with a plunger and a spring, and the whole test cell 

was sealed and placed into a bracket. The assembled test cell (see Figure 12) was 

subsequently removed from the glove box through the airlock.  
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Figure 12. Assembled test cell 

 

7.2 Cyclic Voltammetry - Results 
 

Cyclic voltammetry was used to measure the electrochemical behaviour of the 

LiFePO4 and LiMn2O4 samples. The scan rate was set to 1 mV/s for the first measurement, 

and it was lowered to 0.5 mV/s for the second measurement. The results are shown in 

Figure 13 (LiFePO4) and in Figure 14 (LiMn2O4). The voltammograms show distinct 

differences in the reactions of the materials.  

Regarding the LiFePO4 sample measured at 1 mV/s scan rate, the oxidation reaction 

started from 3.4 V with the increasing current, and reached the maximum current at the 

peak at 3.8 V. The reduction peak was then visible around 3.1 V. This peak corresponds 

to the steep voltage change in the discharge characteristic. The measurement at 0.5 mV/s 

scan rate showed that the oxidation/reduction peaks moved to 3.7 V and 3.2 V. The 

current at this scan rate was lower.  

The voltammogram of the LiMn2O4 sample was rather different. The most 

significant peaks around 4.1 V and 3.8 V correspond to the voltage drops that are visible 

on the discharge curve from the galvanostatic cycling, and are caused by oxidation of 

manganese from Mn+2 to Mn+3 for the first peak and then from Mn+3 to Mn+4 for the 

second peak. These peaks are more visible at 0.5 mV/s scan rate.  
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Figure 13. Voltammogram of LiFePO4 measured at 1 mV/s and 0.5 mV/s scan rate 

 

 

Figure 14. Voltammogram of LiMn2O4 measured at 1 mV/s and 0.5 mV/s scan rate 
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7.3 Galvanostatic Cycling - Results 

 

The very first two cycles serve to determine the real capacity of the samples. The 

charging and discharging current was based on the theoretical capacity of the samples 

(120 mAh/g), and was set to 0.5 C and calculated according to the weight of the active 

material. In other words, the charging and discharging current was different for all 

samples, because the weight of each sample was different. For example, the 

charging/discharging current for the lithium iron phosphate sample was set to 576 μA, 

whereas the current for the lithium manganese oxide sample was set to 274 μA as the 

weight of the active material was lower. Figures 15 and 16 provide a comparison of the 

first two cycles of the lithium iron phosphate and lithium manganese oxide samples. It is 

clear from the figures that both materials behave differently.   

The real capacity of both samples (see Figure 17) was determined after the two 

cycles. The real discharge capacity of the LiFePO4 sample reached 143 mAh/g and the 

discharge plateau of this sample was relatively stable, reaching nearly 3.4 V. In contrast, 

the real discharge capacity of the LiMn2O4 sample was lower, reaching only 100 mAh/g. 

On the other hand, this sample reached higher voltage. However, the discharge curve of 

the lithium manganese oxide sample was not as stable as that of lithium iron phosphate, 

which corresponds to the reduction and oxidation processes typical of this material. It is 

reflected in the slight voltage drop on the discharge curve and the two discharge plateaus. 
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Figure 15. The first two charging/discharging cycles – LiFePO4 

 

 

Figure 16. The first two charging/discharging cycles – LiMn2O4 
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Figure 17. Comparison of discharge characteristics – LiFePO4 and LiMn2O4 

 

Knowing the real discharge capacity of both samples, it was possible to measure their 

characteristics under different loads. During cycling, the charging/discharging current 

was gradually increased and in the middle of the measurement, the process was reversed 

and the current was gradually decreased. The current for the first 20 cycles was set to  

0.5 C and then it was increased to 1 C for the next 5 cycles. The current was then again 

increased to 2 C and 5 C, each for 5 cycles. After cycling at 5 C, the load was gradually 

decreased to 2 C and 1 C, each for 5 cycles again, and the last cycling was performed at 

0.5 C for 15 cycles. Figure 18 compares the discharge capacities of the LiFePO4 and 

LiMn2O4 samples during cycling under these loads.  

From the graph, it is obvious that the capacity of both samples decreased with the 

increasing load. The most significant drop of the capacity occurred during cycling at 5 C, 

i.e. the biggest load. This graph also confirms that the capacity of the LiMn2O4 sample is 

lower. During the first twenty cycles, the capacity of the LiFePO4 sample was more stable 

than that of the LiMn2O4 sample, starting on approximately 142 mAh/g and decreasing 

only to 141 mAh/g, which is a decrease of only 2.5 % of its capacity. The capacity of the 

latter dropped from 98 mAh/g to 91 mAh/g during the first 20 cycles (8 % drop). In 
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contrast, the LiMn2O4 sample showed better stability during cycling at 1 C, 2 C, and 5 C. 

The capacity at the end of the whole measurement reached the values of 138 mAh/g for 

the lithium iron phosphate sample and 85 mAh/g for the lithium manganese oxide sample. 

The drop in the capacities after the whole measurement was about 4.5 % for the LiFePO4 

sample and about 13 % for the LiMn2O4 sample. This comparison shows that the overall 

stability of the former material is, therefore, far better.  

 

 

Figure 18. Capacity during cycling under different loads – LiFePO4 and LiMn2O4 

 

The discharge plateaus of the last cycles measured under different loads are shown 

in Figure 19 (LiFePO4) and in Figure 20 (LiMn2O4). These graphs show that it is not only 

the capacity that decreases with the increasing load, but also the voltage of both samples. 

The discharge curve of the LiFePO4 sample is smoother compared with the LiMn2O4 

sample. In addition, the voltage drop of the second sample is steeper than that of the first 

sample. The capacity of the LiFePO4 sample was higher even under increasing load, 

ranging from 141 mAh/g at 0.5 C to 56 mAh/g at 5 C. Even though the capacities of the 

LiMn2O4 sample were significantly lower (ranging from 91 mAh/g at 0.5 C to  

41 mAh/g at 5 C), the voltage of this material remained higher under all loads compared 
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with the first material. Table 2 provides a percentage comparison of the capacity changes 

during cycling under different loads. The values were compared with the capacity 

measured under the lowest load of 0.5 C, considering only the last cycles under each load. 

Despite reaching higher capacity, the LiFePO4 sample was not as stable under higher 

loads as the LiMn2O4 sample, which was reflected in the bigger drops in capacity, as 

shown in the table. The capacity of the LiFePO4 sample dropped by 10 % at 1 C and by 

27 % at 2 C. The capacity drop of the LiMn2O4 sample was lower; it dropped by 8 % at 

1 C and by 25 % at 2 C. The most significant drop in the discharge capacity for both 

samples can be seen under the highest load of 5 C (60 % drop for LiFePO4 and 55 % drop 

for LiMn2O4).  

 

Table 2. Comparison of the discharge capacities under different loads 

 

 

Cycle Load 

LiFePO4 LiMn2O4 

Qdis [mAh/g] 
Change 

[%] 
Qdis [mAh/g] 

Change 

[%] 

20 0.5 C 141 - 91 - 

25 1 C 127 10 84 8 

30 2 C 103 27 68 25 

35 5 C 56 60 41 55 
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Figure 19. Discharge plateaus of LiFePO4 under different loads 

 

 

Figure 20. Discharge plateaus of LiMn2O4 under different loads 
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7.4 Electrochemical Impedance Spectroscopy - Results 
 

A comparison of the results from electrochemical impedance spectroscopy is shown 

in Figure 21 (LiFePO4 on the left and LiMn2O4 on the right). This measurement was 

performed before and after cycling at each load to determine the impedance of both 

samples. The frequency for this measurement was set in the range from 100 mHz to  

1 MHz, and the amplitude of the sinusoidal signal was set to 10 mV. The scan rate was 

set to 5 points per decade.  

The charge transfer resistance, which corresponds to the semicircles in the graphs, 

increased after every cycling for both samples. Comparing these results with the 

capacities in Figure 18 has revealed that the resistance of the LiFePO4 sample increased 

with each load, which means that this material is more sensitive to high loads. In the case 

of this sample, the charge transfer resistance of 20 Ω before cycling remained 

approximately the same even after cycling at 0.5 C (see the stable capacity values during 

the first twenty cycles in Figure 18). After cycling under higher loads, however, the 

charge transfer resistance increased gradually, and it reached the value of 32 Ω at the end 

of the measurement.  

In contrast, the resistance of the LiMn2O4 sample during cycling was approximately 

the same for all loads, reaching the values around 60 Ω. This could be, again, compared 

with the capacities of this sample during cycling (see Figure 18). The differences between 

the capacities of the LiMn2O4 sample under different loads were not as significant as in 

the case of the first sample. Nevertheless, the charge transfer resistance of the LiMn2O4 

sample was higher than that of the LiFePO4 sample, being the cause of its lower capacity. 
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Figure 21. Comparison of the results of electrochemical impedance spectroscopy:  

LiFePO4 (on the left) and LiMn2O4 (on the right) 
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8 Conclusion 
 

Nowadays, it seems that not only water is crucial for life on the planet Earth. For 

people, electrical energy has become nearly as important as water. Without electricity, 

our present life would be completely different. Energy storage is consequently a key 

technology for the future. Lithium-ion accumulators have supplied our mobile devices 

with electrical energy for more than twenty years. There have been growing efforts to 

develop a perfect and environmentally friendly battery, being the reason for continuing 

research into new materials for lithium-based accumulators.  

The main objective of this bachelor’s thesis was to create an overview of 

electrochemical sources of energy, focusing on lithium-ion accumulators and cathode 

materials. This work has presented a general introduction into the matter of accumulators, 

explained the basic terminology, and summarized the history of electrochemical sources 

of energy. Particular attention has been paid to the working principle of lithium-ion 

accumulators and to the comparison of the most commonly used cathode materials, 

including high-voltage materials and the system lithium-sulphur.  

To support the statements in the theoretical part of this thesis, several experiments 

have been performed. The lithium iron phosphate and lithium manganese oxide samples 

were prepared, and their electrochemical properties were measured using cyclic 

voltammetry, galvanostatic cycling, and electrochemical impedance spectroscopy. The 

main task of the experimental part was to compare the two cathode materials.  

On the basis of the measurements, we can draw the conclusion that the capacities of 

both samples did not reach the theoretical values described in the theoretical part. The 

overall capacity of the lithium iron phosphate sample was higher than that of the lithium 

manganese oxide sample, but it was less stable under higher loads. The lithium 

manganese oxide sample, on the other hand, reached higher voltage and the capacity drop 

of this material under higher loads was smaller. The electrochemical properties of both 

samples could be improved, for example by coating the electrode with carbon or by 

doping it with different elements. 
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