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Name: Dylan Richard Arouh

Age on January 1 of current year: 12

County: Westchester County
Section: JL - SCIENCE EXPERIMENTS AND EXHIBITS
Class: 1 - Experiments
Years Working in this Project Area (Do not include Cloverbud years): 1
Name of Exhibit: Mask and You Shall Succeed: Pandemic Science Using “Breakfast of
Champions” and Printing Products Sure to Im“PRESS”: What is the Effect of Nanotechnology/
Homemade Ferrofluid on cleaning up Ocean Oil Spills?
Variety (if applicable-ex. flowers, vegetables, foods): Not applicable

The following information is critical to the successful evaluation process at the New York
State Fair; as face to face judging is seldom possible. Please respond to the following
questions.

List the materials used in making this exhibit and why they were selected. Explain all
the steps you took to make your exhibit. Do not list common equipment like baking
supplies, sewing or gardening equipment.

Materials Used in Making This Exhibit and Why They Were Selected

● N52 Neodymium block magnet (Strong magnet compared to other types, although
use with care as magnets can erase credit cards, damage computers and even crush
fingers if not used carefully; used 0.75" x 0.50" x 0.25")

● Ferrofluid, 50 mL (Can be made with High Iron fortified cereal such as Total or
printer toner as discussed in Methods) with  mineral oil as carrier fluid. Mineral oil
used as some studies suggests it can produce higher efficiency carrier fluid then
other types of oil based carrier fluids, although one can use other types of oil such as
veggie or corn oil. However best to use ferrofluid with same type of oil for carrier
fluid as oil used for  "oil spill".

● Mineral oil, 60 mL (Used to create same volume of "oil spill" for each of the
samples)

● Petri dishes, 90 mm x 15 mm (60)
● Graduated cylinder, 25 mL volume
● Pipettes, graduated (10)
● Nitrile gloves (ferrofluids can stain skin)
● Total Cereal (or other fortified cereal high in Iron) ,blender, plastic cup and spoon  if

making Iron fillings  for ferrofluid  from cereal
● Liquid laser  printer toner or magnetic ink developer, 50 mL; glass beaker,



graduated cylinder, stirrer, oil for carrier fluid (such as 30 ml of mineral oil) if
making ferrofluid from printer fluid, which produced a more homogeneous
concentration and smoother solution of ferrofluid when compared with Total cereal.
Also much faster to make then ferrofluid from Iron fortified cereal

● 4 different colors of food coloring (Each color to be used in petri dishes containing
distilled water to more easily distinguish the oil from the water and the number of
drops of ferrofluid added to the control and experimental groups. I used yellow for
the control (0 / no drops), Green (1), Blue (5), and Red (10))

**In compliance with the instructions, common items were omitted from the above
Materials list**

All Steps Taken to Make Exhibit (aka Methods):

Make Ferrofluid

Put on gloves, goggles, face mask, and an apron. Iron fortified cereal and water (1 cup of
each) are mixed in a blender. The mixture is stirred with a spoon (magnet attached to end).
The magnet is removed and the mixture dried. The magnet is wiped on a white towel -
shavings of iron are visible. These shavings are combined with a surfactant, or  oleic acid,
and a carrier fluid, mineral oil (30mL), to make ferrofluid. Iron oxide powder (magnetite)
can also be used. To ensure a homogeneous concentration of ferrofluid (and because I had it
at home), I also researched magnetic ink. Magnetic ink developer (50mL) was poured into a
beaker and combined with 30 mL of mineral oil until smooth. Ferrofluid is also
commercially available.

Prepare

Four 4×8 columns, titled Control, 1, 5, and 10, (representing the # of drops of ferrofluid to
be added) were labeled on a posterboard. Four cups, one in each column, were then filled
with distilled water (100mL) and 2  drops of food coloring (matching the color of each
column's title) were mixed into the corresponding cups. Petri dishes are placed in each of
the columns. 14mL of colored water are added to each petri dish. 2.5mL of mineral oil (the
oil spill) is then released into the middle of each petri dish. Next, an amount of ferrofluid
drops corresponding to the column label (Control (none), 1, 5, and 10) was released onto
the “oil spill”  of each of the corresponding dishes.

Clean up

A neodymium magnet is placed in the left corner of a plastic sandwich bag. The magnet,
encapsulated in the plastic sandwich bag, is slightly submerged and moved through the oil
in one movement at the same angle and depth across all tests. The bag is
wiped/dried/cleaned off and the magnet is moved to the right corner.  The magnet,
encapsulated in the plastic sandwich bag, is again slightly submerged and moved through
the oil in one movement at the same angle and depth across all tests. Leftover liquid (water,
oil, and ferrofluid) is transferred from the petri dish to the 25 mL graduated cylinder. After
the oil has settled on top of the water, the amount of leftover oil is measured. Repeat all of
the above steps in paragraphs three and four 19 more times, washing the cylinder between



each measurement. The cylinder and dishes were washed/dried. The bag, waste fluid, dirty
towels, and pipettes were discarded safely.

How Results Will Be Compared

Average amount of oil left over after the clean up procedure  (in ml.) was recorded. The
efficiency  of the cleanup procedures were then calculated using this equation: efficiency =
1- volume of leftover oil (mL)/2.5mL (original amount of “oil spill)” Bar graphs of the
volume of leftover mineral oil and efficiency of each cleanup procedure were created. An
exponential regression was also performed in excel. A P-value was calculated using a
one-way ANOVA test.

What sparked your interest in making this exhibit? List the specific source where
your idea came from. (ex. book, 4-H leader, specific website)

Looking back at the devastating impact of oil spills (on coastal communities and their
ecosystems, the microbiome, fish, and the local and global food chain) in tragedies such as
in the Exxon Valdez and Deepwater Horizon oil spills compelled me to take action. In
researching this problem, I discovered that current oil spill clean-up methods are inefficient.
Industry standard methods including dispersants, containments, and on site burning have a
documented efficiency of only 10-15% (Foreign Policy Publication). I came to the
conclusion that the biggest impact I could make is by being one of the scientists creating
the next generation of clean-up technologies. The question became: "What is the most
efficient, inexpensive, emerging oil spill clean-up technology?" Several sources helped
guide me in the search for the answer to that question. Chief among them were: Lawrence
Hall of Science. (2006, January 8). Why is nanotechnology important?; Raloff, J. (2008,
July 25). Oil magnets; Mahajan, Y.R. (2011, February 12). Nanotechnology-based solutions
for oil spills; and Nicolaides, G. (2012, September 17). Cleaning oil spills with magnets,
CLEANMAG.

Please share 2 or more new skills you learned or improvements to current skills that
happened when you were making this exhibit.

An advisor once said to me "Science is 90% preparation and 10% action." Working on this
project made me learn how true that is. Completing a long term research project such as this
one forces you to learn better time management and anti-procrastination skills. Over the
past year of research I have markedly improved in both departments.



What challenges did you face and how did you work through them?

The sudden advent of Covid-19 and the ensuing lock downs caused significant disruption to
planned experiments and possible collaborations with professionals. It required a sudden
and dramatic pivot in the experiment. In addition, the undoing of the plans that I had
already expended significant time and energy into was frustrating and caused me to
contemplate giving up. In order to advance I had to reframe my outlook on the situation,
choosing instead to focus on the opportunity to start with a clean slate. I took the precarious
situation I was in and used it as an opportunity to pause, reflect on the issues I was trying to
address in my research, and start over.

Additional information asked for this exhibit class in the fair book. Attach these
separately to the entry card if necessary.

**For clarification the "additional information asked for this exhibit class in the fair book:"
is "1. Experiments: Describe your hypothesis (what you think will happen); describe the

procedures you performed; describe the observations you made and what conclusions you
drew from your experiment; include photos or drawings and samples (if possible) from

your experiment. Use display board or poster board for display. Include experiment
description, introduction, hypothesis, methods, results and your conclusions."

Hypothesis:

If different amounts of ferrofluid are added to oil samples contained in water, than the oil
samples with the greater amount of ferrofluid will be picked up more efficiently by a
magnet.

Procedures Performed (aka Methods):

Make Ferrofluid

Put on gloves, goggles, face mask, and an apron. Iron fortified cereal and water (1 cup of
each) are mixed in a blender. The mixture is stirred with a spoon (magnet attached to end).
The magnet is removed and the mixture dried. The magnet is wiped on a white towel -
shavings of iron are visible. These shavings are combined with a surfactant, or  oleic acid,
and a carrier fluid, mineral oil (30mL), to make ferrofluid. Iron oxide powder (magnetite)
can also be used. To ensure a homogeneous concentration of ferrofluid (and because I had it
at home), I also researched magnetic ink. Magnetic ink developer (50mL) was poured into a
beaker and combined with 30 mL of mineral oil until smooth. Ferrofluid is also
commercially available.

Prepare



Four 4×8 columns, titled Control, 1, 5, and 10, (representing the # of drops of ferrofluid to
be added) were labeled on a posterboard. Four cups, one in each column, were then filled
with distilled water (100mL) and 2  drops of food coloring (matching the color of each
column's title) were mixed into the corresponding cups. Petri dishes are placed in each of
the columns. 14mL of colored water are added to each petri dish. 2.5mL of mineral oil (the
oil spill) is then released into the middle of each petri dish. Next, an amount of ferrofluid
drops corresponding to the column label (Control (none), 1, 5, and 10) was released onto
the “oil spill” of each of the corresponding dishes.

Clean up

A neodymium magnet is placed in the left corner of a plastic sandwich bag. The magnet,
encapsulated in the plastic sandwich bag, is slightly submerged and moved through the oil
in one movement at the same angle and depth across all tests. The bag is
wiped/dried/cleaned off and the magnet is moved to the right corner.  The magnet,
encapsulated in the plastic sandwich bag, is again slightly submerged and moved through
the oil in one movement at the same angle and depth across all tests. Leftover liquid (water,
oil, and ferrofluid) is transferred from the petri dish to the 25 mL graduated cylinder. After
the oil has settled on top of the water, the amount of leftover oil is measured. Repeat all of
the above steps in paragraphs three and four 19 more times (for each of the four test
groups), washing the cylinder between each measurement. The cylinder and dishes were
washed/dried. The bag, waste fluid, dirty towels, and pipettes were discarded safely.

How Results Will Be Compared

Average amount of oil left over after the clean up procedure  (in ml.) was recorded. The
efficiency  of the cleanup procedures were then calculated using this equation: efficiency =
1- volume of leftover oil (mL)/2.5mL (original amount of “oil spill)” Bar graphs of the
volume of leftover mineral oil and efficiency of each cleanup procedure were created. A
P-value was calculated using a one-way ANOVA test.

Observations Made/What Conclusions I Drew From My Experiment; (Results
Summary/What I learned - Conclusions):

● In my study, I found If different amounts of ferrofluid were added to mineral oil
samples contained in water, than the oil samples with the greater amount of
ferrofluid were picked up more efficiently by a magnet under the same testing
conditions.

● I hypothesized that as I increased the number of drops of ferrofluid, the efficiency of
the clean-up procedure would increase. The results were consistent with the
hypothesis.

○ No ferrofluid was 15.00% efficient, one drop was 52.00% efficient, five
drops were 72.50% efficient, and 10 drops were 90.25% efficient.

○ Remaining oil decreased significantly as more drops of ferrofluid were
added



○ There was an overall difference in treatment effect on remaining oil.
Remaining oil was highest in control, followed by 1 drop, followed by 5
drops, with the least oil reaming in the 10-drop treatment.

● All test groups had a p-value of less than 0.0001 on a one-way ANOVA test,
meaning the data is highly statistically significant.

● This process could be used to clean up oil spills possibly using a magnetized
conveyor belt system on an oil recovery vessel to initially perform the separation of
oil and water. This would avoid the nanoparticles further harming the environment
and could allow the oil to be recycled and  used for commercial purposes.

● In the future I will look to do further research and improve this method not only
from removing oil from water, but possibly other contaminants found in ocean and
waste removal processes such as microplastics and other harmful nanoparticles.

In conclusion, my findings suggest that magnetized ferrofluid nanoparticles can potentially
separate  oil from water.

Experimental Description; (Abstract):

Global warming and pollution demand bold, innovative action. Current oil spill clean-up
methods are inefficient. These methods include dispersants, containment, and on site
burning; yet these industry standard methods have a documented efficiency of 10-15%
(Foreign Policy Publication). Remaining oil that is unable to be cleaned up has detrimental
effects on the environment, local ecosystem, and global food supply. These techniques can
be improved by utilizing innovative but simple technologies. The author of this study finds
that by using a common but underutilized technology (ferrofluids), significant advances in
oil spill clean up efficiency can be achieved. Ferrofluids are a colloidal fluid that contains
ferromagnetic iron nanoparticles that exhibit unique properties in the presence of a
magnetic field. Ferrofluid using mineral oil as a carrier fluid was applied to a simulated oil
spill in multiple concentrations against a control. The study concludes that the above
described treatment procedure is a highly effective method for cleaning up oil spills in the
laboratory environment and warrants further examination and expansion in practical
application. Ferrofluid concentration studies, electromagnets, biological impact on fresh
and salt water samples studies, scale up, further efficiency improvements, and ferrofluid
reclamation.

Please refer to the visual aid attached below for all photos, graphs, and data tables.

The poster board has been attached and can be found below the visual aid.
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Fig. 6: post-clean up view of 5 drops test 

Fig. 4: All test groups with 

mineral oil and ferrofluid 

in petri dishes  

Fig. 5: cleaning procedure 
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Test 

Number

Control: Cleaning 

procedure without use 

of ferrofluid

Cleaning procedure 

using 1 drop of 

ferrofluid

Cleaning procedure 

using 5 drops of 

ferrofluid

Cleaning procedure 

using 10 drops of 

ferrofluid

1 2.25 1.25 0.75 0.25

2 2.00 1.25 0.75 0.25

3 2.25 1.00 0.75 0.25

4 2.00 1.00 0.75 0.25

5 2.00 1.00 0.5 0.25

6 2.00 1.00 0.75 0.25

7 2.25 1.00 0.75 0.25

8 2.25 1.25 0.75 0.25

9 2.25 1.00 0.75 0.25

10 2.25 1.00 0.75 0.125

11 2.00 1.25 0.75 0.25

12 2.00 1.25 0.75 0.25

13 2.00 1.50 0.75 0.25

14 2.00 1.25 0.75 0.25

15 2.00 1.25 0.75 0.25

16 2.00 1.00 0.75 0.25

17 2.00 1.25 0.75 0.25

18 2.25 1.50 0.5 0.25

19 2.50 1.50 0.25 0.25

20 2.25 1.50 0.50 0.25

Statistic Control (0 drops) 1 drop 5 drops 10 drops

Average 2.13 1.20 0.69 0.24

Efficiency 15.00% 52.00% 72.50% 90.25%

one-way ANOVA

Standard Deviation 0.147901995 0.187082869 0.134047566 0.027243118

Volume of Mineral Oil Left after Cleaning Procedure (mL)

Data Summary

P < .0001

Fig. 7 

Full Data Set 

&  

Statistics 



Controlled Variables

Same amount of Mineral Oil (2.5 ml.) and water (14 ml, distilled) Same type 

and concentration of ferrofluid with mineral oil as carrier fluid

Same type and size of magnet ( N52 neodymium magnet)

Same angle/speed/direction of magnet during "clean up procedure"

Same temperature (20°C; room temperature), testing site and time; same 

scientist performing experiment

Independent Variable

• Number of Drops of Ferrofluid (Control-0, 1, 5, and 10)

Dependent Variable

• Volume of mineral oil in millimeters left after the clean up procedure 

(application of Neodymium Magnet twice)

Multiple Trials Completed For Each Group: # of Tests = 20

Data and Results
Make Ferrofluid

Put on gloves, goggles, face mask, and an apron. Iron fortified cereal and water (1 cup 

of each) are mixed in a blender. The mixture is stirred with a spoon (magnet attached to 

end). The magnet is removed and the mixture dried. The magnet is wiped on a white 

towel - shavings of iron are visible. These shavings are combined with a surfactant, 

or oleic acid, and a carrier fluid, mineral oil (30mL), to make ferrofluid. Iron oxide powder 

(magnetite) can also be used. To ensure a homogeneous concentration of ferrofluid (and 

because I had it at home), I also researched magnetic ink. Magnetic ink developer 

(50mL) was poured into a beaker and combined with 30 mL of mineral oil until smooth.

Ferrofluid is also commercially available.

Prepare

Three 4×8 columns, titled Control, 1, 5, and 10, (representing the # of drops of ferrofluid 

to be added) were labeled on a posterboard. Four cups, one in each column, were then 

filled with distilled water (100mL) and 2 drops of food coloring (matching the color of 

each column's title) were mixed into the corresponding cups. Petri dishes are placed in 

each of the columns. 14mL of colored water are added to each petri dish. 2.5mL of 

mineral oil (the oil spill) is then released into the middle of each petri dish. Next, an 

amount of ferrofluid drops corresponding to the column label (Control- none 1, 5, and 10) 

was released onto the “oil spill” of each of the corresponding dishes.

Clean up

A neodymium magnet is placed in the left corner of a plastic sandwich bag. The magnet 

is slightly submerged and moved through the oil in one movement at the same angle and 

depth across all tests. The bag is wiped/dried/cleaned off and the magnet is moved to 

the right corner. The magnet is again moved though the oil in the same conditions. 

Leftover liquid (water, oil, and ferrofluid) is transferred from the dish to the 25 mL 

graduated cylinder. After the oil has settled on top of the water, the amount of leftover oil 

is measured. Repeat all the above steps in paragraphs three and four 19 more times (for 

each of the four test groups), washing the cylinder between each measurement. The 

cylinder and dishes were washed/dried. The bag, waste fluid, dirty towels, and pipettes 

were discarded safely.

How Results Will Be Compared

Average amount of oil left over after the clean up procedure (in ml.) was recorded. The 

efficiency  of the  cleanup procedures were then calculated using this equation: efficiency

= 1- volume of leftover oil (mL)/2.5mL (original amount of “oil spill)” Bar graphs of the 

volume of leftover mineral oil and efficiency of each cleanup procedure were created. An 

exponential regression was also performed in excel.

Methods

Lawrence Hall of Science. (2006, January 8). Why is nanotechnology important?. 

Raloff, J. (2008, July 25). Oil magnets. 

Mahajan, Y.R. (2011, February 12). Nanotechnology-based solutions for oil spills. 

Nicolaides, G. (2012, September 17). Cleaning oil spills with magnets, CLEANMAG. 

Information Sources 

• Oil spills have caused enormous ecological challenges with expensive clean 

up operations often with limited results

• Recently some studies have explored using magnetized water repellent 

ferromagnetic nanoparticles suspended in a carrier liquid (ferrofluid) to more 

easily separate oil from water

• Due to remote learning and the pandemic, I had to be creative in 

the development and research of ferrofluid and investigating its' effects using 

products found at home

• The purpose of my research is to study the efficiency of extracting oil from 

water using various amounts of ferrofluid and a strong neodymium magnet

Mask and You Shall Succeed: Pandemic Science Using “Breakfast of 
Champions” and Printing Products Sure to Im“PRESS”:

What is the Effect of Nanotechnology/ Homemade Ferrofluid on 
cleaning up Ocean Oil Spills?

What is the Effect of Nanotechnology/ Ferrofluid on Cleaning up Ocean Oil Spills?

Research Question

Background
• Neodymium block magnet (Strong magnet compared to other types, although use with care as magnets can erase credit cards, 

damage computers and even crush fingers if not used carefully; used 0.75" x 0.50" x 0.25")

• Ferrofluid, 50 mL (Can be made with High Iron fortified cereal such as Total or printer toner as discussed in Methods) with mineral 

oil as carrier fluid. Mineral oil used as some studies suggests it can produce higher efficiency carrier fluid then other types of oil-

based carrier fluids, although one can use other types of oil such as veggie or corn oil. However best to use ferrofluid with same 

type of oil for carrier fluid as oil used for "oil spill".

• Mineral oil, 60 mL (Used to create same volume of "oil spill" for each of the samples)

• Petri dishes, 90 mm x 15 mm (10)

• Graduated cylinder, 25 mL volume

• Pipettes, graduated (10)

• Nitrile gloves (ferrofluids can stain skin)

• Total Cereal (or other fortified cereal high in Iron) ,blender, plastic cup and spoon if making Iron fillings for ferrofluid from cereal

• Liquid laser printer toner or magnetic ink developer, 50 mL; glass beaker, graduated cylinder, stirrer, oil for carrier fluid (such 

as 30 ml of mineral oil) if making ferrofluid from printer fluid, which produced a more homogeneous concentration and smoother 

solution of ferrofluid when compared with Total cereal. Also much faster to make then ferrofluid from Iron fortified cereal

• Other items needed:

• Apron or clothes that can be stained (Ferrofluid can definitely stain)

• Hot Water (tap water is fine, although I used distilled water to control for potential variations in tap water quality)

• Cups (4). Two should hold at least 150 ml, the third should hold at least 30 ml.

• 4 different colors of food coloring (Each color to be used in petri dishes containing distilled water to more easily distinguish the oil 

from the water and the number of drops of ferrofluid added to the control and experimental groups. I used yellow for the control (0 / 

no drops), Green (1), Blue (5) and Red (10)

• White Paper towels

• Sink or bowl (to wash the graduated cylinder and petri dishes after use)

• Dishwashing liquid

• Plastic sandwich bags

• Drinking straws or brushes to wash out cylinders/pipettes

• Paper or plastic bag for trash

Materials and Why Certain Materials Are Superior To Others 
• In my study, I found If different amounts of ferrofluid were 

added to mineral oil samples contained in water, than the oil 

samples with the greater amount of ferrofluid were picked up 

more efficiently by a magnet under the same testing 

conditions.

• I hypothesized that as I increased the number of drops of 

ferrofluid, the efficiency of the clean-up procedure would

increase. The results were consistent with the hypothesis.

• No ferrofluid was 6.67% efficient, one drop was 40 % 

efficient, five drops were 83.3 % efficient, and 10 drops 

were 90% efficient.

• Remaining oil decreased signficantly as more drops of 

ferrofluid were added

• Remaining oil was greatest in control followed by 1-drop 

treatment. Remaining oil was least in 5-drop and 10-drop 

treatments; 5-drop and 10-drop treatments had similar 

values

• This process could be used to clean up oil spills possibly using 

a magnetized conveyor belt system on 

an oil recovery vessel to initially perform the separation of oil 

and water. This would avoid the nanoparticles further harming 

the environment and could allow the oil to be recycled 

and used for commercial purposes.

• In the future I will look to do further research and improve this 

method not only from removing oil from water, but possibly 

other contaminants found in ocean and waste removal 

processes such as microplastics and other harmful 

nanoparticles.

Results Summary

In conclusion, my findings suggest that magnetized ferrofluid 

nanoparticles can potentially separate oil from water.

What I learned - Conclusions

I feel this area of research could serve as a foundation 

for other investigations in the future, such as:

• How would the results vary if a different carrier fluid 

was used or the size of the oil spill was changed? Or 

if ocean water was used?

• How can magnetic ferrofluid filtration be used in other 

industries such as waste management? Or in 

healthcare, such as for drug delivery?

• Could ferrofluids help remove microplastics or other 

toxic substances?

• Could the cleaning procedure collect usable oil?

I am excited to explore the potential benefits of 

ferrofluids in the future, as I hope to conduct related 

research in this field.

Suggestions for Future Studies

If different amounts of ferrofluid are added to oil samples contained in water,

than the oil samples with the greater amount of ferrofluid will be picked up more 

efficiently by a magnet.

Hypothesis

Experimental Design
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Statistic Control (0 drops) 1 drop 5 drops 10 drops

Average 2.13 1.20 0.69 0.24

Efficiency 15.00% 52.00% 72.50% 90.25%

one-way ANOVA

Standard Deviation 0.147901995 0.187082869 0.134047566 0.027243118

Data Summary

P < .0001

http://nanozone.org/why.htm
https://www.sciencebuddies.org/error/external-page-missing?url=http%3a%2f%2fwww.sciencenews.org%2fview%2fgeneric%2fid%2f34477%2fdescription%2fOil_magnets&ref=%2fscience-fair-projects%2fproject-ideas%2fEnvEng_p036%2fenvironmental-engineering%2fcan-nanotechnology-help-clean-up-ocean-oil-spills
http://www.nanowerk.com/spotlight/spotid=20215.php
http://youtu.be/Uu1vR1a7anw
https://1drv.ms/x/s!Atj7EO90EsWkgWUX1ATZiy9wgvil
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