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Batteries are everywhere in our lives—from our phones and watches

to cars and military equipment. Lithium ion batteries (LiBs) are

a rechargeable kind of battery often used in common electronic

devices. Researchers are working hard to improve batteries, so they

can be used for longerwithout recharging and so they can storemore

energy—perhaps even energy from wind or solar sources that we

can use to power our homes and businesses. Recent research has

shown that LiBs can be improved by using extremely tiny materials

with special properties, called nanomaterials. When they are used

in LiBs, nanomaterials can increase the amount of energy that can

be stored and decrease the amount of time it takes to recharge.

Nanomaterials can also extend the life of LiBs. In this article, we

kids.frontiersin.org September 2024 | Volume 12 | Article 1349295 | 1

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1349295
https://kids.frontiersin.org/article/10.3389/frym.2024.1349295
https://doi.org/10.3389/frym.2024.1349295
https://kids.frontiersin.org/article/10.3389/frym.2024.1349295
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2024.1349295
https://kids.frontiersin.org/article/10.3389/frym.2024.1349295
https://kids.frontiersin.org/article/10.3389/frym.2024.1349295


Worku et al.

will explain how LiBs work and how nanomaterials might be used to

improve their performance.

BATTERIES ARE ENERGY-STORAGE DEVICES

Fossil fuels, such as coal, crude oil, and natural gas, have long been
theworld’s primary energy source. However, these fuels will eventually
run out and, in the meantime, they are causing widespread pollution
of the environment, through production of carbon dioxide (which
contributes to global warming) and other dangerous substances.
In the face of this challenge, there is increasing pressure to use
environmentally friendly, renewable energy sources likewind and solar
power. However, these sources do not produce power in a steady
way that could support the world’s energy needs. Communities need
power all day and night, but the sun does not shine all the time
and the wind does not blow constantly—so, there must be a way to
store energy from renewable sources, so that it can be released as
needed. Electrochemical energy-storage devices are one solution.

ELECTROCHEMICAL

ENERGY STORAGE

A way of keeping
energy in chemical
form inside batteries
and other storage
systems, which can
then be turned into
electricity when we
need to power
electronics or
other devices.

These devices work by storing electricity through chemical reactions
that happen inside them. When the sun shines or the wind blows,
these devices capture the energy and keep it in a chemical form
that can be turned back into electricity through additional chemical
reactions whenever people need it, like at night or when the air is still
[1]. There are various kinds of electrochemical energy-storage devices
(Figure 1), which can provide dependable, long-termbackup power for
households, companies, data centers, and other needs.

Figure 1

Figure 1

There are various types
of electrochemical
energy-storage
devices, all of which
store and
release energy through
chemical reactions that
happen inside them.
While batteries are the
most well-known of
these devices, fuel
cells, which generate
electricity by
combining hydrogen
and oxygen to produce
water and electrical
power without needing
to be recharged, and
supercapacitors, which
store electrical energy
on the surface of
materials and can
charge and discharge
much quicker than
batteries (but hold less
energy), are other
examples. Reproduced
with permission from
[1]. Copyright 2020,
MDPI.

BATTERIES: SINGLE-USE AND RECHARGEABLE

Batteries are probably the most well-known electrochemical energy-
storage devices. A battery works as a kind of container that stores
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energy within the chemical compounds inside it, until the energy is
needed. The chemical energy is converted into electric energy when
the battery is used. Batteries can be classified as primary or secondary
batteries. Primary batteries are intended to be used just once before
being thrown away, while secondary batteries can be recharged
and used repeatedly. Most primary batteries contain substances
such as zinc and carbon, and they cannot be recharged because
the chemical processes that happen inside them are irreversible.
Primary batteries are sometimes called dry cells because most of
them do not contain any liquids—just a paste-like substance. On the
other hand, rechargeable or secondary batteries, such as lead-acid,
nickel-cadmium, and lithium-ion batteries (LiBs), can be recharged
several times and used repeatedly, since the reactions that happen
inside them can be electrically reversed. There are multiple types of
secondary batteries—some of them, like car batteries, have wet cells
that contain a fluid that helps the electricity to move through them,
while others, like the LiBs that powermany portable electronic devices,
have dry cells. Rechargeable batteries are becoming preferable due to
the demands of the modern world and the rising number of portable
devices [2].

HOWDO RECHARGEABLE LIBSWORK?

LiBs are found in many everyday household items like flashlights,
cameras, toys, medical equipment, portable electronics, and security
systems (Figure 2). These batteries can store a lot of energy for their
size, hold on to that energy for a long time, and be successfully
recharged many times. But have you ever wondered how they work?
Imagine the battery as a sandwich. In this sandwich, there are two
pieces of bread on either side called electrodes, one is positive (called

ELECTRODE

A part of a battery
where electricity goes
in or out, helping to
connect the battery’s
power to the things
it runs.

the cathode), and the other is negative (called the anode). The “filling”
between these pieces of bread includes a special material called a
separator and a liquid called the electrolyte (Figure 3A).

SEPARATOR

A special layer within a
battery that keeps the
positive and negative
sides apart to prevent
short circuits, while still
allowing electricity to
flow through.

ELECTROLYTE

A substance that
contains ions and can
conduct electricity,
often used in batteries
to help move an
electrical charge
between
the electrodes.

The separator is a very thin layer that keeps the positive and negative
sides from touching each other, which is super important for safety
and for making sure the battery works properly. The electrolyte is a
special kind of liquid that helps lithium ions (tiny charged particles of

IONS

Tiny particles that carry
an electric charge,
either positive or
negative, and are
important in creating
electricity in things
like batteries.

the metal lithium) move back and forth between the two pieces of
bread when the battery is being used or charged [3]. In batteries, the
separator material is made from a membrane with many microscopic
holes in it. These membranes can be made of various substances,
and the ones used in LiBs are chosen for their mechanical strength,
chemical resistance, and heat stability.

When you use your phone, for example, and the battery is releasing
power, lithium ions move from the negative side to the positive side
through the electrolyte. This movement creates electrical energy that
powers your device (Figure 3B). When you charge your phone, you
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are pushing those lithium ions back to the negative side, getting the
battery ready to work again.

Figure 2

Figure 2

LiBs are used as power
sources in many types
of devices, such as
smartphones, laptops,
watches, torch lights,
military equipment,
aircraft, electric
vehicles, and more.

Figure 3

Figure 3

(A) The inside of a LiB
looks kind of like a
sandwich. The two
slices of “bread” are the
anode and cathode.
They are kept apart by
the “filling”—a special
material called the
separator, which allows
ions to flow through
but stops the anode
and cathode from
touching. (B) Within the
battery, the lithium ions
(Li+) move from the
anode through the
separator to the
cathode when power is
needed and back to the
anode when the
battery is recharged.
Movement of ions from
the anode to the
cathode makes
electricity, in the form
of electrons, move
through wires, which
powers the device [4].

The materials for the electrodes are also chosen based on their
properties. The cathode must be positively charged and really good
at attracting electrons, while the anode must be negatively charged
and great at releasing electrons. This di�erence is why electricity flows
in the battery, and why your phone turns on and works. Common
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materials used for the electrodes are graphite (a form of carbon) for
the negative side and special metals like lithium cobalt oxide for the
positive side.

The other important part of a battery is the current collector. Its main
purpose is to transfer electrons from the electrode materials to an
external circuit and then to the device (example light bulb). The current
collector also provides mechanical and conductive supports for the
electrode material. Various metals, including aluminum and copper,
are commonly used in current collectors.

While LiBs are smaller and lighter than other types of rechargeable
batteries, they still have their drawbacks. They can overheat, catch
fire, or even explode if they are damaged or if they are charged
or stored improperly. They are also not powerful enough to meet
the large-scale energy storage demands required for a complete
transition away from fossil fuels. Storing energy from wind and solar
sources, which are variable and sometimes produce more power
than we can use immediately, requires batteries that can hold a lot
of energy and release it steadily when needed. One way to make
batteries more e�cient, safer, and capable of handling the energy
storage challenges of renewable energy sources involves using special
materials called nanomaterials.NANOMATERIALS

Nanomaterials are
super tiny materials,
much smaller than we
can see, used in
technology to make
products like batteries
work better and do
more things.

WHAT ARE NANOMATERIALS AND HOWCAN THEY

IMPROVE BATTERIES?

Nanomaterials are new substances that have become increasingly
important in recent years. They are special because their basic parts,
called nanoparticles, are incredibly small, about a billionth of a meter

NANOPARTICLES

The incredibly small
building blocks of
nanomaterials.
Nanoparticles often
have special properties
due to their tiny size,
and can be used to
improve products,
including batteries
and medicines.

in size. Think of nanoparticles like building blocks that can be arranged
in various ways to create nanomaterials. The extremely tiny size of
nanoparticles gives nanomaterials unique properties like being able to
conduct electricity, react with other substances in interesting ways,
or even interact with light and electricity di�erently than “normal”
materials [5]. This makes nanomaterials useful in lots of fields like
medicine, electronics, and chemistry.

One big area in which nanomaterials are making a di�erence is in
LiBs. First, the extremely small size of nanomaterials reduces the
distance that lithium ions must travel within the battery. This makes
the battery work more e�ciently, allowing it to store more energy and
charge faster. Nanomaterials also contribute to the battery’s durability
and safety. Their ability to tolerate changes in structure during the
battery’s charging and discharging cycles helps prevent the battery
from getting damaged over time. This is crucial for maintaining the
battery’s performance and extending its lifespan. One of the biggest
advantages of nanomaterials is their large surface area compared to

SURFACE AREA

The total space on the
outside of an object,
like measuring all the
sides of a box to see
how much it can cover.

their volume. A large surface area improves the interaction between
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the battery’s electrodes and the electrolyte. As a result, lithium ions
movemore freely and quickly, enhancing the battery’s ability to charge
and discharge rapidly.

Nanomaterials are used in various parts of LiBs, including the
electrodes and the electrolyte. In the electrodes, nanomaterials
help store more lithium ions, which increases the battery’s energy
storing capacity. When used in the electrolyte, nanomaterials improve
the movement of lithium ions, making the battery more e�cient.
Additionally, coatings made from nanomaterials can be applied to the
separators, which can enhance the battery’s safety by preventing short
circuits and other damage [6].

BUILDING THE BATTERIES OF THE FUTURE

As good as this sound, using nanomaterials in LiBs also comes with
some challenges. One problem is that nanomaterials can react in ways
we do not want them to, especially because they have a really big
surface area for their size. This means they can easily react with other
substances, like the electrolyte, inside the battery. These unwanted
reactions can create layers of buildup on the nanomaterials that slow
down how fast lithium ions can move around, preventing the battery
from lasting as long or holding as much power as it should. To fix
these issues, scientists are trying to make nanomaterials more stable
and they are also experimenting with special additives or protective
coatings to stop these unwanted reactions from happening. Also, the
way nanomaterials are put together inside the battery needs to be
carefully thought out, to make sure batteries work as best as they can.
The aim is to figure out both how to use nanomaterials e�ectively and
how to produce them on a large scale.

In conclusion, using nanomaterials allows engineers to adjust the
components of LiBs—and other types of electrochemical energy
storage devices—on a tiny scale. Nanoparticles might improve battery
capacity, charging speed, safety, and lifespan, leading to smaller,
more powerful, and longer-lasting LiBs. Researchers must continue
to tackle the remaining challenges, because electrochemical energy
storage devices are becomingmore important every day! Not only will
better batteries make our lives easier by powering all our devices, but
powerful batteries can also help us store the energy produced from
renewable sources. This means that the batteries of the future could
help countries transition away from burning fossil fuels. So, you can
see that improving batteries not only makes our daily lives easier—it
might actually help save the planet!
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YOUNG REVIEWERS

SAKINA, AGE: 15

As a junior high school student, I have a keen interest in the field of STEM. I enjoy

baking, reading, and watching movies. In the future, I would like to work on both AI

and robotics!
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ZI-AN, AGE: 9

Hi, I am Zi-An, 9 years old, and coming from a family of teachers. I have inherited

a love for knowledge and learning. But my biggest joy? That is definitely my little

brother. I absolutely love goofing around and making him laugh! I am fascinated

about science. I want to research the secrets of everlasting life, so that people I love

will never grow old or die.
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