Doping Bucky Balls with Aluminum lons

Intercalating C60 with aluminum and the application of these structures in batteries

Sanger ENGR 1050



C60’s properties and the application of these structures in batteries

C60, also known as buckminsterfullerene, is a molecule that consists of 60 carbon atoms
arranged in a soccer ball-like shape. It was first discovered in 1985 by Harold Kroto, James
Heath, Sean O'Brien, Robert Curl, and Richard Smalley at Rice University in Houston, Texas.
The group was studying the composition of interstellar dust when they noticed a strong signal in
the mass spectrum that corresponded to a molecule with 60 carbon atoms. They named the
molecule buckminsterfullerene after the American architect Buckminster Fuller, whose geodesic

domes have a similar structure.

The discovery of C60 was a major breakthrough in chemistry and opened up a new field
of research known as fullerene chemistry. C60 has a number of interesting properties, including
high conductivity, high tensile strength, and low toxicity. It has been proposed for a variety of

applications, including in electronics, medicine, and materials science.

In 1996, Kroto, Curl, and Smalley were awarded the Nobel Prize in Chemistry for their

discovery of C60. The award recognized the importance of their work in advancing the field of

chemistry and opening up new possibilities for research and development.

Since its discovery, C60 has been the subject of extensive research. Scientists have
learned a great deal about its properties and potential applications. C60 is a promising material

with a wide range of potential uses.

One of the most important properties of C60 is its ability to intercalate ions. Intercalation
is the process of inserting ions into the crystal structure of a material. In the case of C60, it can

intercalate a variety of ions, including lithium, sodium, and aluminum.
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The intercalation of ions into C60 can significantly improve the performance of batteries.
For example, aluminum-ion batteries that use C60 as the anode have a higher capacity and longer

lifespan than traditional lithium-ion batteries.

Aluminum ions are also a promising candidate for use in battery technology. Aluminum

ions have a number of advantages over lithium ions, including:

e They are more abundant and less expensive than lithium.
e They are less likely to cause fires or explosions.

e They have a higher theoretical capacity than lithium.

However, there are also some challenges associated with using aluminum ions in
batteries. One challenge is that aluminum ions are more difficult to intercalate into a material
than lithium ions. Another challenge is that aluminum ions can corrode the electrodes in a

battery.

Despite these challenges, the use of buckminsterfullerene and aluminum ions as battery
technology is a promising area of research. With further development, these batteries could offer

several advantages over other graphene batteries, including:

e Higher capacity
e Longer lifespan
e Lower cost

e Reduced risk of fire or explosion
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Fundamental Science Concepts

Electrochemistry
Electrochemistry is the study of the interactions between electricity and chemical
reactions. It is a fundamental science used in many applications, including batteries, fuel cells,

and electroplating.

In the context of batteries, electrochemistry is used to understand how the flow of
electrons through a material can be used to generate electricity or store energy. In an aluminum-
ion battery, for example, the flow of electrons through the anode (made of C60) generates

electricity.

Solid-state chemistry
Solid-state chemistry is the study of the properties of materials that are in the solid state.
It is a fundamental science that is used to understand a wide variety of materials, including

metals, ceramics, and semiconductors.

In batteries, solid-state chemistry is used to understand the properties of the materials
used to make the electrodes and the electrolyte. The properties of these materials significantly

impact the battery's performance.

Nanotechnology
Nanotechnology is the study of materials and devices that are on the nanoscale (1-100
nanometers). Nanotechnology is a rapidly developing field with a wide range of potential

applications, including batteries.
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In the context of batteries, nanotechnology is being used to develop new materials and
devices that can improve the performance of batteries. For example, nanotechnology is being

used to develop new electrodes that have a higher capacity and longer lifespan.

The doping of c60 with aluminum-ions is a new application of nanotechnology and promises to
provide a much greater capacity of batteries than Graphene Manufacturing Group’s carbon

nanotube/aluminum-ion model.

Societal Benefits

C60 has the potential to provide a number of societal benefits, including: improved
battery performance, reduced environmental impact, new medical applications, new materials
applications. Overall, C60 is a promising material with a wide range of potential benefits. It is

likely to play a key role in a variety of industries in the years to come.

Improved battery performance

The use of C60 in batteries has the potential to significantly improve the performance of
batteries. For example, aluminum-ion batteries that use C60 as the anode have a higher capacity
and longer lifespan than traditional lithium-ion batteries. This means that C60-based batteries

could provide longer-lasting power for a wider range of devices, from laptops to electric cars.

The Graphene Manufacturing Group reports that lab testing has shown so far that their
graphene/aluminum-ion battery energy storage technology has high energy densities and higher
power densities compared to current leading marketplace lithium-ion battery technology. They
report that their battery will give longer battery life, up to 3 times higher, and charge much faster,

up to 70 times, than lithtum-ion.
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Reduced environmental impact

The use of C60/aluminum-ion in batteries could also help to reduce the environmental
impact of batteries. For example, Aluminum-ion batteries that use C60 as the anode produce less
harmful effects than traditional lithium-ion batteries. This means that C60-based batteries could

help to make the production and use of batteries more sustainable.

Lithium mining can have many harmful effects on the environment and human health.

These effects include: pollution, habitat destruction, and social disruption.

Lithium mining requires a large amount of water, which can be a problem in areas that
are already facing water shortages. The water used in lithium mining can also be contaminated
with chemicals and heavy metals, which can pollute rivers, lakes, and groundwater. Lithium
mining can also release dust and other pollutants into the air, which can contribute to respiratory
problems and other health problems. Lithium mining can contaminate the soil with chemicals
and heavy metals, which can harm plants and animals. Lithium mining can destroy wildlife
habitats, including wetlands, forests, and grasslands. Lithium mining can disrupt local

communities and lead to social problems, such as crime and violence.

It is important to note that the environmental and health impacts of lithium mining can
vary depending on the specific mining method and the location of the mine. However, even with
the best practices in place, lithium mining can still have a significant impact on the environment

and on human health.

Aluminum and graphene mining have less harmful effects on the environment than

lithium mining. This is because aluminum and graphene are more abundant than lithium, and
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they can be mined using less water and fewer chemicals. Additionally, aluminum and graphene

mining does not produce as much air and soil pollution as lithium mining.

However, it is important to note that aluminum and graphene mining still have some
environmental impacts. For example, aluminum mining can contaminate water with aluminum

salts, and graphene mining can release dust and other pollutants into the air.

Overall, aluminum and graphene mining are less harmful to the environment than lithium
mining. However, it is important to ensure that these mining activities are done in a sustainable

way that minimizes the environmental impacts.
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