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It is hard to believe that our vehicles can contaminate the
environment even when they are not running. This is a consequence
of evaporated gasoline leaking from a vehicle's fuel tank into the
atmosphere. To avoid this leakage, evaporated gasoline is vented to
a canister packed with charcoal particles called activated carbon.
There are deep, channel-like spaces inside activated carbon where
gasoline molecules are adsorbed. Adsorption is a process in which
molecules of gas or liquid stick to the surface of something solid.
Through adsorption it is possible to remove various pollutants from
air and water. To understand how adsorption by activated carbon
works, picture activated carbon as a maze that traps the gasoline
particles and does not let them escape. Finally, we describe current
efforts to develop new adsorbing materials from the waste product
of another industry, to improve upon the activated carbon currently
used in vehicles.
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Figure 1

Even when a vehicle is
not running,
evaporated gasoline
can escape from the
fuel tank into the
environment. These
evaporative emissions
contain molecules
called volatile organic
compounds, which can
harm the environment.

EVAPORATIVE
EMISSIONS

The evaporated
gasoline that escapes
from the fuel tank and
is an important source
environmental
pollution with VOCs.

VOLATILE ORGANIC
COMPOUNDS
(VOCs)

Molecules that readily
change from liquid to
gas at room
temperature. VOCs are
used in the
manufacturing of
paints,
pharmaceuticals,
cleaning agents, and
other products.
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Figure 1

WHY DOES GASOLINE TRY TO ESCAPE FROM
VEHICLES?

It is certainly known that vehicles pollute when their engines
are working. This pollution is a consequence of the greenhouse
gases emitted through the vehicle’'s tailpipe. In older vehicles, these
emissions often look like black smog. But did you know that vehicles
can pollute even when they are not running? This is because the
gasoline stored in the fuel tank can escape from the vehicle directly
into the environment, polluting the atmosphere.

On a warm day, it is quite common to smell gasoline near a parked
vehicle. This is because gasoline is volatile, which means that it can
change from liquid to gas even when itis not at its boiling temperature,
and therefore it can pass into the air. When the outdoor temperature
increases, the movement of gasoline molecules in a car's fuel tank
increases rapidly in all directions, expanding its volume. If it's warm
enough, the volatile molecules can acquire enough energy to escape
through the fuel tank gaskets into the environment [1]. Evaporated
gasoline that manages to escape is known as evaporative emissions
(Figure 1).

Gasoline is a mixture of volatile molecules with different sizes and
forms, mainly composed of carbon (C) and hydrogen (H) atoms. The
most volatile molecules include butane (C4H1g) and pentane (CsH1o). It
is also common to find benzene (CgHg) and toluene (C;Hg) in gasoline
[2]. All these molecules are called volatile organic compounds (VOCs),
and they are harmful to human health and contribute to climate
change [3]. In fact, evaporative emissions of VOCs contribute to half
of the worldwide VOC pollution of the atmosphere.

To avoid the leakage of volatile gasoline molecules from a vehicle
into the environment, the fuel tank is connected to a device known
as a canister, which is located between the vehicle's fuel tank and
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GRAPHENE

A crystalline form of
carbon, with its atoms
arranged in a
hexagonal structure.
Graphene is commonly
used in pencils and
lubricants and it is a
good conductor of
heat and electricity.

ADSORPTION

The process of sticking
molecules of liquid or
gas onto a

solid surface.
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the engine (Figure 2). The canister captures the gasoline molecules
in @ maze of carbon molecules. To explain how this labyrinth prevents
gasoline molecules from escaping into the environment, the famous
Greek tale of the Minotaur labyrinth is a great analogy.

HOW DOES A CANISTER RESEMBLE THE MINOTAUR
LABYRINTH?

Labyrinths are complex structures designed so that people cannot
escape from them. One of the most legendary labyrinths is the
mythological labyrinth of the Minotaur. This labyrinth was an
enormous, impressive construction made by the famous architect
Daedalus on the Island of Crete, in the middle of the Aegean Sea.
According to this mythic tale, Daedalus constructed the labyrinth to
hide the Minotaur, a creature half man and half bull. Every seven years,
a black ship sailed with young Greeks trying to escape from Athens
to Crete. When the ship arrived at the island of Crete, the young
Greeks were led into the labyrinth, where they got lost in the passages.
Suddenly, the Minotaur would emerge from the passages to chase the
Greeks and satisfy its thirst for blood (Figure 2A). As strange as it may
sound, this tale is a suitable analogy to explain how a canister packed
with activated carbon works.

The United States Environmental Protection Agency requires that
modern vehicles are equipped with a canister to stop evaporative
emissions (Figure 2B). The canister is packed with particles of activated
carbon. Activated carbon is a charcoal material widely used in
purification of drinking water and natural gas, or for purifying the water
in a fish tank. Activated carbon is used in these canisters because of
its low cost and because it can capture a lot of volatile molecules.
On the molecular level, activated carbon is a solid material made
of carbon atoms linked together to form hexagonal ring structures,
which extend into multiple sheets called graphene layers [4]. If we
look inside activated carbon, we can see internal channels, called
pores, which resemble the passages of a labyrinth. The walls of
these pores are built of stacked graphene layers (Figure 2C). In this
sense, the pollutants, such as gasoline emissions, will enter activated
carbon labyrinth through these pores and they will remain stuck on
graphene layers.

Vehicles are constructed so that VOCs that evaporate from the
gasoline in the fuel tank are directed from the fuel tank through a
hose to the canister. The VOC:s, like the young Greeks, are led toward
a labyrinth. Those that enter the labyrinth are gradually lost within
its passages. As gasoline molecules go deeper into the labyrinth, the
passages become narrower. The wandering VOCs soon become stuck
to the walls of this labyrinth, in a process called adsorption. Activated
carbon and VOCs are attracted to each other like magnets. The
adsorption process occurs even when the vehicle is not running.
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Figure 2

The adsorption of
evaporated gasoline on
activated carbon can
be compared to the
Labyrinth of the
Minotaur. (A) Greeks
arrived on Crete to
wander through a
labyrinth until they
were eaten by the
Minotaur. (B)
Evaporated gasoline
(CnHp) is vented to a
canister where the
molecules become
“lost” and adsorbed,
then desorbed when
the vehicle is running,
to be burned in the
engine. (C) Adsorption
of gasoline molecules
OCCUrs on passage
walls made of activated
carbon, which is made
of carbon atoms linked
together to form
graphene sheets.

DESORPTION

The opposite process
of adsorption, in which
molecules are released
from a surface.
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Mythical Analogy

Minotaur
labyrinth

Crete Island

Fuel tank Canister

C) ADSORPTION PROCESS
I} 1}

Activated carbon
particles (labyrinth)

*Carbon walls forming
labyrinth passages

*Carbon atoms forming hexagonal ring structures

Figure 2

Continuing with this analogy, the labyrinth passages must be cleaned
so that they can adsorb new VOCs the next day. For this reason, the
vehicle's engine acts as the Minotaur, by feeding on the VOCs. The
next time the vehicle is started, air is passed through the canister to
separate VOCs from the walls of the activated carbon passages. This
process is called desorption, which means unsticking the molecules
that are adsorbed to the passages. These desorbed molecules are then
burned in the engine. At this point, the activated carbon passages have
been cleaned and the canister is ready to absorb VOCs again. The
adsorption and reuse of evaporated gasoline not only help to prevent
VOCs from entering the environment, but also help vehicles to use fuel
more efficiently, which saves money.
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AGAVE BAGASSE

The main solid waste
generated by the
tequila industry in
Mexico. Itis an
environmental concern
because so much is
produced—377,000
tons in 2016 alone.

BIOCHAR

Carbon based material
produced from heating
(from 250 to 600°C)
waste biomass or
industrial

organic wastes.

CARBON
NANOTUBES

Tiny tubes made of
carbon, with diameters
in nanometers (1
nanometer =
0.0000001
centimeters). They are
currently of great
interest for electronic

circuits, energy storage,

and adsorption
of pollutants.
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CAN THE PERFORMANCE OF THE LABYRINTH BE
IMPROVED?

According to the Greek tale, Daedalus identified a problem with the
labyrinth. Some of the Greeks trapped in the labyrinth managed to
escape at nightfall. Based on this problem, Daedalus improved the
labyrinth to trap the Greeks more efficiently. The new labyrinth allowed
the Minotaur to find the Greeks more easily. Activated carbon has a
similar disadvantage, despite its high capacity to adsorb VOCs. In the
very narrow passages of activated carbon, VOCs are strongly adsorbed
to the graphene layers and even if they achieve to get desorbed from
the narrowest passages when the vehicle is started, some VOCs may
not get to escape from the labyrinth. These VOCs could then slowly
escape into the environment when vehicle is not running. Although
only few VOCs manage to escape, this is still an environmental
problem. For this reason, scientists are focused on improving the
performance of the canister by synthesizing new labyrinths made
of carbon.

Currently, our research group is working on the development of new
carbon labyrinths. To prevent evaporative emissions, the passages of
the new labyrinth must be wide enough to rapidly adsorb gasoline
molecules, and the molecules must be completely desorbed when
the car is running, to clean the passages. In addition, what if we
could reuse waste materials from another industry to produce these
labyrinths? The tequila industry in Mexico generates thousands of
tons of waste each year. Tequila (an alcoholic drink) is made by
extracting a substance from the agave plant. The rest of the plant
becomes waste called agave bagasse. Disposal of so much agave
bagasse is an environmental problem. Fortunately, we have processed
agave bagasse to develop a new labyrinth, by heating it to 500°C,
which produces a new material. This new material is commonly
known as biochar since it is a carbon-based material like charcoal
(activated carbon). This new labyrinth has wide pores and large
passages throughout the material (Figure 3). Since it is similar to
activated carbon, VOCs from gasoline are strongly adsorbed, and the
wide pores and passages are ideal for complete desorption. This helps
to prevent VOCs from escaping into the environment when the vehicle
is turned off again [5].

It is possible to further improve the adsorption capacity of this
new labyrinth! The strategy is to build pillar-shaped structures,
like columns, throughout the large passages of the labyrinth. In
scientific terms, these pillars are known as carbon nanotubes. Carbon
nanotubes are tiny cylindrical structures made primarily of carbon
atoms (Figure 3). The addition of carbon nanotubes to the biochar
passages increases the capacity of biochar to adsorb VOCs.

The production of carbon labyrinths from agave bagasse shows how
a waste material can be of interest to the automotive industry and
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Synthesis of a novel
adsorbent material
from a waste product.
Large amounts of
agave bagasse are
produced by the tequila
industry. This waste
product can be burned
at high temperatures to
create biochar, which is
similar to activated
carbon but has wider
passages. To further
improve the ability of
biochar to adsorb
VOCs, carbon
nanotubes can be
grown on its wide
passages. These can be
seen through a
powerful microscope
called a scanning
electron microscope.
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*SEM: Scanning electron microscopy

possibly other industries. The main advantages are that the agave
bagasse is free and the processing is environmentally friendly. In
addition, structures such as carbon nanotubes allow improving the
performance of these labyrinths. However, not all the pollutants in
gasoline can be adsorbed by the same material. Therefore, each
pollutant may require a specific labyrinth with different characteristics.
Fortunately, the scientific community is focusing its efforts on
developing new labyrinths that can eliminate specific pollutants.
Canister made with such labyrinths will hopefully be even better at
protecting the environment from VOC:s.

Finally, it is important to highlight that the adsorption process is used
for many different applications, including the removal of VOCs from
industrial chimneys. Adsorption can also remove pollutants such as
arsenic and fluoride from drinking water in countries where these
contaminants are a problem. Additionally, adsorption can be used after
a catastrophic oil spill, like the one in the Gulf of Mexico in 2010 to
remove the dangerous oil components that may dissolve in the water.
The adsorption process is also being used to remove CO» from the air,
for later use in greenhouses. This last application is of growing interest,
because the increasing CO» in the atmosphere is an important cause
of climate change. Overall, you can see that there are many important
uses for labyrinth-like materials! Solids that can adsorb environmental
pollutants from water or air are an excellent addition to our collection
of resources that will help us to protect the earth from the harm caused
by many human activities.
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