USING NANO/MICROMACHINES TO
HELP CLEAN UP OIL SPILLS

One of the largest oil spills in recent history happened in April 2010 in the Gulf of Mexico
when the Deepwater Horizon oil rig exploded and sank, resulting in the blowout of the
Macondo well located approximately 66 km off the Louisiana coast. Oil spills, or the
accidental release of liquid petroleum into the environment, pose a major concern to the
health of natural ecosystems. Marine oil spills are known to injure and kill sea birds, heavily
furred mammals, and marine organisms including shellfish, corals, and dolphins. There are

various sources of oil spills including tank vessels, pipelines, and directly from facilities.

Brown Pelicans covered in oil, Grand Isle, Louisiana, June 3, 2010. image by the International

Bird Rescue Research Center

According to the statistics provided by the International Tanker Owners Pollution Federation
(ITOPF), which has a database for oil spills from tankers, combined carriers, and barges,
over 9000 accidental spills have occurred since 1974. As per the US Environmental
Protection Agency, the most common methods for containing and combating oil spills are
mechanical containment (recovery methods using equipment like barriers, booms, skimmers
etc.), and chemical and biological agents like dispersants (which help the oil to disperse more
easily throughout the water around it) and gelling agents (which combine with oil and form a

rubber-like solid for easier cleanup). With recent developments in the field of
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nanotechnology, nanomachines have emerged as an efficient, selective and environment-
friendly option for the potential treatment of oil spills.
The Deepwater Horizon incident led to the discharge of 210 million US gallons of crude oil

into the Gulf of Mexico.1

NASA image showing the extent of the gulf oil spill. image source

Millions of gallons of chemical oil dispersants called Corexit 9527A ®and Corexit
9500A ®were used to treat the spill.2 Dispersant molecules reduce the interfacial tension
between oil and water and can break the oil slick. This helps in the transfer of the oil from
the surface of water into the water column, which makes it less likely for the oil to reach the
shoreline. However, recent scientific studies have raised concerns about the use of
dispersants like Corexit. A study from the Georgia Institute of Technology and Universidad
Autonoma de Aguascalientes (UAA), Mexico have shown that a mixture of Corexit
9500A®and oil is 52 times more toxic than oil alone to microscopic marine
rotifer Brachionus plicatilis.2 Similar studies have shown that the total petroleum
hydrocarbon (TPH) uptake for ghost shrimp Palaemon serenus, increases when exposed to
dispersed oils obtained with Corexit, than when exposed to crude oil.3

These problems bring us to the recent development of nanomachines (like the ones discussed
inthis recent post) as an improved alternative to chemical dispersants for oil spill
remediation. Nanomachines are nanodevices that can convert energy into movement in order
to perform various tasks. They can use a range of energy sources, including bubble
formation, light, and magnetic or ultrasound fields. Recently one group of researchers has

developed a nanomachine that can help capture, transport and remove oil droplets.4 They
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used microsubmarines propelled by oxygen bubbles that are generated from the catalytic
oxidation of hydrogen peroxide fuel at an inner platinum layer. The microsubmarines are
coated in a layer of hydrophobic (water hating) molecules, which interact with the oil

droplets, making the micromotors well equipped to capture oil droplets and transport them.
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Dodecanethiol (C12-SAM)-modified microsubmarine carrying floating olive oil droplets at

different time points (Figure courtesy Guix et al.)

Another example of how nanotechnology can improve oil remediation is the use of
micromotors based on magnesium Janus particles, which are magnesium particles coated by
nanometric layers of titanium, nickel, and gold and further functionalized with a hydrophobic
layer of octadecanethiol, to scavenge oil droplets in water.5 Unlike the previous example,
these micromotors use hydrogen bubbles for propulsion, which come from a reaction
involving reduction of water at the magnesium surface.
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Magnesium-based seawater-driven Janus micromotors: Mechanism of (A) propulsion and

(B) oil removal (Figure courtesy Gao et al.)

One potential issue with this motor is that the magnesium surface quickly becomes covered,
or passivated, by an oxide layer and can no longer produce the reaction with water that
makes the bubbles. The gold layer on the motor helps with this problem because it interacts

with the chloride ions in seawater to help in removing the oxide passivation layer, through a


http://dx.doi.org/10.1021/nn301175b
http://en.wikipedia.org/wiki/Janus_particles
http://sustainable-nano.com/2014/11/18/nanomachines-and-oil-spills/#f5
http://dx.doi.org/10.1039/C3NR01458D
https://sustainablenano.files.wordpress.com/2014/11/oilspill-nanomachines1.jpg
https://sustainablenano.files.wordpress.com/2014/11/oilspill-seawater1.jpg

combination of macrogalvanic corrosion and pitting corrosion processes. Like the first
example, these micromotors attach to oil droplets and help in their capture and transport in
water. Because these micromotors can propel in seawater all by themselves, they have the

potential to be valuable in removing oil droplets from seawater.

These nano/micromotors may provide an environmentally friendly and efficient alternative
for treating oil spills. In the case of the magnesium Janus micromotors, the composition of
the motor and the use of seawater as the sole fuel source make them extremely biocompatible
and eco-friendly. Unlike dispersants, which break up the oil slick and transfer the oil down
the water column, the nano/micromotors have the potential to capture, transfer and remove
oil droplets from water. Apart from the corrosion issues, these nano/micromachines also have
the tendency to slow down after collecting the oil droplets. Research is ongoing to fix the
problems of longevity and speed of these nano/micromotors. Unfortunately, there are no
known instances of these nano/micromotors actually being used for oil spill control yet, and

it isn’t clear exactly what happens to the nomachines after they attach to the oil.

The use of nano/micromotors for oil spill remediation is in its nascent stage. But it is evident
from the couple of examples that we have in hand that they could have profound applications
in water treatment and oil spill control and could potentially revolutionize the field of

environmental remediation.

Source : http://sustainable-nano.com/2014/11/18/nanomachines-and-oil-
spills/
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