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Abstract. In the past, engine combustion vehicles are one of the most popular traffic tools for people
to consider when they want to go out. Developed technologies provide people with more options,
such as hybrid and battery electric vehicles. This paper includes a discussion of the applications of
nanotechnology in electric vehicles. The paper is divided into two big parts: cathode and anode
materials. After researching many resources online, the significance of nanotechnology applications
in electric vehicles can be understood better now. One of the most known batteries people use today
is the Li-ion battery. The most common one used in the cathode is phosphates, and the most
common one used in the anode is graphites. Phosphates also have many alternatives like cobalt,
iron and nickel. They all have advantages and disadvantages, and the mission of scientists is to
convert disadvantages into advantages. Graphites also play an important role in running a Li-ion
battery, but scientists today are looking for better options to replace graphites. Although it is still
difficult to achieve the goal of applying nanotechnology in every area of electric vehicles, today's
study of nanotechnology in electric vehicles has reference significance, encouraging people to study
further.
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1. Introduction

As more new energy sources are introduced to our daily life, people are becoming increasingly
independent from fossil fuels. The action of searching for more new energy sources brings many
benefits to the environment. In the past, people had no choice when they bought a car. The only choice
was a combustion engine vehicle. However, People today are different from the past. They have more
choices now, like hybrid vehicles, fuel-cell vehicles or pure battery vehicles. These days, Li-ion
batteries have become a hot topic for scientists. For Li-ion batteries, electrons are formed when a
lithium ion moves from the cathode to the anode [1]. The cathode will release lithium ions when the
battery is charging; however, when the battery is discharging, the anode will release lithium ions [1].

Moreover, increased people choose electric vehicles because they release less carbon dioxide
emissions than conventional vehicles and cost fewer maintenance fees. However, today's commercial
Li-ion batteries face some obstacles, such as safety problems, immature markets, etc. Among these
obstacles, alternative cathode and anode materials are the most significant. Right now, the widely
used cathode is LiCo0O, and the widely used anode is graphite; however, with the development of
the technology, they should be obsoleted for several reasons such as unfriendliness to the environment
and high cost. Thus, new materials like LiFeP0O, have been introduced to replace the position of
LiCo0, due to its suitable capacity and low cost; Li,Tiz0,, has been introduced to replace graphite
due to its high safety and good cycle ability. Although these alternatives are not perfect enough, and
they all have their defects, it is still significant for scientists to keep seeking new alternatives and
studying them. The rest paper will be divided into four big sections. First, the reasons why people
seek new energy sources will be presented. Secondly, the characteristics and developments of cathode
material-LiFeP 0O, will be discussed. Then, the third section will talk about how to upgrade graphites
and the alternative anode material-Li,Ti<0,,. The last part will summarize the above information and
discuss their future potential [2].
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2. New Energy Sources

New energy sources have always been at the forefront of social discussions because most
alternative energy sources can reduce greenhouse gas emissions from fossil fuels and certain types of
air pollution. Pursuing new energy sources can take countries away from their dependence on
traditional imported fuels and create more jobs for their people. Electric vehicles have become an
excellent example of illustrating this story. Electric vehicles are the future of the automotive industry
since they are tied to low-carbon fuels, which can reduce greenhouse gas emissions. After Tesla's
stock skyrocketed, people started to realize the uniqueness of electric cars and their benefits. Suddenly,
everyone in this era knew electric cars, and they naturally became the favorites among people. The
difference between a combustion engine and an electric vehicle is that electric vehicles run on
electricity stored in a battery, but combustion engine vehicles rely on fossil fuels. Electric vehicles
can convert more than 80%-90% of electrical energy into mechanical energy, making them more
efficient than combustion vehicles since combustion engine vehicles can only convert 40% to
mechanical energy. The most significant reason people today choose electric vehicles is the huge
reduction of carbon dioxide emissions originally caused by fossil fuels.

Batteries are developed and applied to electric vehicles to meet the market and people’s needs. As
the main energy source of electric vehicles, the study of batteries cannot be ignored. A battery is an
electrochemical device that can directly convert chemical, light, thermal, and nuclear energy into
electrical energy and store it at its anode and cathode, such as solar cells and nuclear cells. When a
battery works, the current flows through an external circuit from the positive electrode to the negative
electrode. When the battery discharges, the current flows from the negative electrode to the positive
electrode within the electrolyte. During discharge, there are chemical reactions on both electrodes of
the battery, and the discharging process continues until the circuit is broken or one chemical reaction
substance is used up. A secondary battery widely used in electric vehicles works when charged before
use. This battery can lose energy after charging and can be recharged after discharge. When a battery
is charged, the process of energy transaction is from electrical energy to chemical energy; when it is
discharged, the energy transaction goes the opposite way. Many types exist, but an ideal battery
should have specific characteristics like high energy density, long service time, great resistance and
cheap price [1]. Sony brought the first sight of the Li-ion battery to the public in 1991, the most widely
used and best-known battery today. A Li-ion battery is composed of different chemical elements;
their distribution is shown in Figure 1 [3].

Figure 1 Different portions of different elements in lithium battery [3].

3. Cathode Materials

The dominant cathode material used in Li-ion batteries (LIBs) is LiCoO, [1, 3]. However,
scientists are still searching for its alternatives because the cost of cobalt is high and LiCoO, It is
unstable compared to other cathode materials and may fail during overcharging [3, 4]. LiCoO, is
hard to obtain, so scientists find another successful alternative which is nanostructured
LiCo0, showing a lower energy density but a higher power density. It is widely used in electric
vehicles because of its long cycle life, high resistance and safety.
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3.1. Characteristics of LiFePO,

Figure 2 LiFePO,crystal structure (a) and the olivine’s structure (b) [5].

LiFePO, is a phosphate when Fe?*is oxidized to Fe3*and it delithiates to FePO,. Its crystal
structure can be shown in Figure 2 [5]. LiFePO, has different cation structures. Tetrahedral sites
include element P, which is also in a hexagonal framework, while octahedral sites include elements
Li and Fe [5]. Octahedron LiO, and tetrahedron PO, are sharing edges in FeOq with no
continuous connection [5]. In that case, there are Lit flowing in the tunnel formed by this special
structure. Comparing with LiCoO,, LiFePO, has a suitable discharge capacity which is 170
mA hg~1, a compatible voltage at 3.4 V versus Lit*/Li, cheap price and environmental friendliness
[6]. Although LiFePO, has many advantages, it still has its disadvantages that need to be overcome,
such as low electronic conductivity and ion diffusion rate [7].

3.2. Development of LiFePO,

To explain this weakness, scientists attribute this characteristic to the frameworks of poly anions
[1]. To develop better conductivity and enhance efficiency, nanocoating like polymer eleven has been
introduced into this study [1]. Studies show that polymer nanocomposites can improve conventional
properties at macro and micro scales [8]. This finding allows batteries to complete their charge or
discharge in a few minutes. Different carbon sources play different roles in their electrochemical
performances. Carbon nanotubes are nanometer-scale diameters forming a tubular structure [9]. It is
shown in Figure 3. Due to this incredibly special structure and its C-C covalent bonding can have
good heat conductivity, outstanding durability and great electrical conductivity. Moreover, different
walls of carbon nanotubes make them function differently. Many pieces of research have concluded
that different types of carbon sources and amounts of carbon sources can result in different coating
thickness, density and discharge capacity [5].

chiral ‘
s s (m#n) —
& e /_
A

Figure 3 Different structures with different walls in carbon nanotubes. (A) Single-walled carbon
nanotubes. (B) Double-walled carbon nanotubes. (C) Multi-walled carbon nanotubes [9].

Another way to enhance the low diffusion rate and small electronic conductivity of LiFePO, is
to add metal dispersion. The way that the metal coating improves the electrochemical performance is
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not to change LiFePO,'s structure, but to increase its chemical kinetic energy [5]. To make the result
better, the control of composition and content of metal must be realized and understood [5]. Metal
oxides like ZnO and TiO, also, work by improving the electrochemical performance at a high
charge/discharge rate [5]. Study shows that TiO, can enhance the capacity of LiFePO,, but it also
influences the cell negatively, so CeO, is also introduced to solve the problem of TiO,, making it
possible to improve the performance of LiFePO, under room temperature and 40 degrees [5].

As nanocoating of carbon and metal or metal oxide dispersion do not work in the internal system
of electrochemical conductivity and LiFePO, does not have a small enough particle size, increasing
internal conductivity can be achieved by ion-doping method [5]. lon-doping has influenced the
proliferation of Li-ion. For example, the replacement of the Li-site by Ti** leads to the changing of
the portion of Fe*3 and Fe'*?, showing that ion-doping does not only change the morphology but
also LiFePO,'s electrochemical properties [5]. Fe-doping site has also been proved as an effective
method for improving internal conductivity. This Fe-doping has better discharge capacities and cyclic
stability than those not doped or coated with carbon [5]. Unlike nanocoating and metal dispersion,
ion dopants such as Zn*? and Cu*? can influence the structure of LiFePO, to upgrade its
electrochemical properties. There are still many other technologies to affect the electrochemical
conductivity of LiFePO,, such as heat treating, but this heat treating requires an extra conductive
phase called Fe,P [4]. During this process, it is important to take care of the amount of Fe,P,
because an excessive amount may cause the failure of running a lithium-ion battery [4].

4. Anode Materials

In Li-ion batteries, the commercialized anode material is mostly graphite in the market, with its
electrochemical properties tied to Li-ion's reversible intercalation/deintercalation: 6C + xLi* +
xe~ & LiyCq (0 < x < 1) [1]. In this case, LiCq has a suitable capacity of 372 mAh g=! and this
superiority helps it to be chosen by many electronic devices [1]. However, graphite has its
disadvantages. If some organic electrolytes react with graphite, it may cause side reactions resulting
in the decomposition of the electrolyte [1]. Since anode materials attach great significance to the
stability and safety of Li-ion batteries, scientists are actively seeking alternatives to replace or upgrade
graphite anode. One anode material that has been investigated by scientists today is Li,Tis0,,
(LTO).

4.1. Characteristics of LiyTi504,

Li,Tiz0;, can be prepared by Li,CO; and TiO, with the formula: 2Li,CO; + 5TiO, —
Li,Tis0,, + 2CO, T [10]. The crystal structure is shown in Figure 4 of Li,Ti;0,,75% of lithium
ions take up tetrahedral sites; the rest are in octahedral sites; 32e sites are occupied by titanium ions
and oxygen ions [11]. The spinel framework gives lithium ions a channel to flow into the LTO lattice
and take the sites of octahedra [1]. Since LTO has a stable voltage at 1.55 V versus Li*/Li, and it
will hardly change its volume during insertion/desertion. LTO has some great properties that others
do not have, such as fast Li* Insertion ability, good kinetics and cycle ability [10]. LTO is different
from graphite, meaning that its reaction will not result in the decomposition of the electrolyte but
improves safety simultaneously. However, Li,Tiz0,, is facing two major obstacles right now: (1)
its capacity of 175 mAh g~ is not big enough, and (2) its electrochemical conductivity is low. If
Li,Tis0,, can be widely used in the future, both problems should be solved to replace graphite [1].
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Figure 4 The crystal structure of Li,Tis0,, [11].
4.2. Development of Li,Tiz04,

Nanostructures can be introduced into this condition to enhance the electrochemical properties of
Li,TisO,, by reducing the diffusion of the Li-ion and increasing the areas to the electrolyte [1]. This
way, LTO will get a large current to run [1]. Today, many researchers also focus on finding new
methods to create new nanostructures, and the new trial requires ion doping which can enhance the
high rate of performance. Just like cathode, doping affects the structure of LTO directly. Many metals
have been studied to influence the LTO, and one would be the W dopant. The Li,Tis_,W;0,, with
W substitution improves the capability of LTO due to the high oxidation state of W+ [12]. This
high oxidation state makes It possible for Ti to reduce from Ti** to Ti3* and results in a higher
conductivity and rate performance due to a charge compensation Wé* [12]. The study has proven
that under a large discharge rate, W-doped LTO can have a large capacity, good reversibility and
electrochemical performance [12].

Carbon coating created by thermal vapor decomposition (TVD) also provides anode in LIBs with
better electrochemical performance [13]. Li,TisO,, coated with carbon has a better rate of
performance than uncoated LTO because the coating can decrease the resistance of the electrode and
serve as a conductive phase [13]. Another thing that needs to be aware of is the thickness of the carbon
layer since the electronic conductivity depends on the thickness. While having a thicker layer, the
LTO will show a better electron transfer path, leading to fewer defects but better properties [13].

4.3. Upgrade Graphite Anode

Since scientists are seeking alternatives for graphite and considering how to make it better, mild
oxidation can be used to improve graphite's electrochemical performance [14]. Mild oxidation is
effective for increasing capacity and enhancing lithium intercalation because it not only forms the
production of nanochannels but also oxidized layers [14]. However, during the oxidation process, the
rate should be paid attention to, so the reaction should not be too fast. Oxidation ability plays an
important role in reversible capacity, and its stability also depends on oxidation ability. (NH,),S,04
has shown a good oxidation ability to upgrade the reversible capacity of natural graphite, but the
problem is that it is not a green oxidant to the environment, so other oxidants like Ce(S0O,), are also
introduced to this area [14]. It is shown in Figure 5.

]

.

L= S — =

w
o
(=]

w

[=]

(=]
L

——aA
_._M
2504 —a—A3
——A2

2004 —— A1

150+

Reversible capacity (mAh/g)

—
0o 2 4 6 8 10
Cycle number
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5. Conclusion

In summary, there are many similarities in enhancing the electrochemical performance of cathode
and anode materials. For example, they both rely on nanocoating and nanostructures to directly
influence the structure of materials, making it possible to improve rate performance. Even though the
nanocoating materials are the same as carbon nanotubes and polymers, they apply the same effect on
both cathode and anode materials. For the alternative of LiCoO, — LiFePO,, LiFePO, has
advantages of good capacity, compatible voltages and low cost, but it also has two problems to
overcome: low diffusion rate and small electronic conductivity. To this, three methods are proposed:
(1) nanocoatings such as polymer 11 and carbon nanotubes can affect its density and discharge/charge
capacity, and (2) metal/metal oxides dispersion applies the same effect on it, but one thing should be
aware of is the amount of metal/metal oxide and (3) to influence the internal electronic conductivity
directly, ion-doping is added to increase the proliferation of Li-ion. For the alternative of graphite—
Li,Tis0,,, Li,TisO;, has advantages of negligible volume changing, fast Li* insertion ability,
stable voltage, good kinetics and cycle ability; nevertheless, Li,TisO,, has low capacity and
electronic conductivity just like LiFePO,. To enhance both issues, Li,TizO;, practices similar
methods as LiFePO,: (1) nanostructure of the Li,Tis_,W,0;, with W substitution is optimized to
lower the diffusion rate of the Li-ion and increase areas to the electrolyte, and (2) carbon coating by
TVD will give a better electron transfer path. Another way of directly working on graphite is to
upgrade itself by mild oxidation, resulting in better electrochemical performance. For all the reasons
above, the path of seeking new sources should not stop even though scientists may find a better
alternative, because if people want to live in a greener house in the future, some ungreen chemical
materials should be replaced by better ones. It is easy to understand that the path to seeking green
alternatives is still long, and only more research can contribute to a better future.
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