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Engineering Self Cleaning Hydrophobic 
Surfaces 

 
Grade level Target grade = _9__ and scalable down to grade __6_ and up to grade _12_ 

 
Subject area(s) (Biology, Life Sciences, Physical Science)  

 
Estimated Time Required __50___ minutes 
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Maker Challenge Recap 
The biomimetic engineering challenge introduces students to the field of nanotechnology and the 
topic of biomimicry which refers to human-made devices or systems that imitate nature. 
Participants will explore how materials can be modified at the nanoscale to provide features such 
as waterproofing and stain resistance. Students will identify an intended user and scenarios for 
using their self-cleaning material, teams will be given the opportunity to test material under 
specific testing constraints to determine hydrophobicity of each design. Teams will design, 
create, test, and then think of ways to improve their self-cleaning superhydrophobic modification 
technique for a chosen material.  
 

Image file: 
https://commons.wikimedia.org/wiki/File:Lotus_Leaf_(578

0807820).jpg 
ADA Description: A large green Lotus Leaf floats on top 

of a body of water. There are large drops of water 
collecting on top. 

Source/Rights: © Wikimedia 
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Maker Materials & Supplies 
 

• Several water proofing materials: wax, crayons, flax seed, lanolin, clay, glue, spoons or sticks for 
smoothing materials onto surface. 

• Other tools to modify surface roughness: sandpaper, wax paper, and hydrophobic sand, instant 
snow. 

• Surfaces to modify: Depending on their target user students will choose and appropriate 
material: 4x4 Piece of flat wood 4”x4” and 4”x4” cotton fabric 

• Materials to simulate dirt: glitter, salt, or pepper 
Materials to test Roll off Angle: Clipboard, protractor, masking tape or duct tape, small container 
of water, pipette or eyedroppers, paper towels 

• Materials to observe drop profile/ contact angle: Hand lens 
• Additional material, if available, such as an iPad, cell phone, or similar device with a camera to 

observe and annotate drop profile/contact angle.  

Kickoff 
Have you ever noticed how water rolls off a leaf? Like the Lotus Leaf or how a Lilly Pad floats 
on water. These plants parts are said to be Superhydrophobic and their leaves never get dirty. 
Why is this? First let’s define hydrophobic. Hydro means water and phobic means fear. Think 
about oil and water. These plants have a waxy coating or tiny projections on their surface which 
causes a layer air between the hairs and keeps the water away.   Hydrophobic surfaces are in high 
demand because of the great number of useful application such as sweat and dirt proof clothing, 
rust prevention, anti-icing, and even sanitation uses. The potential for this biomimetic application 
are great.  
Video summary of how NASA is proposing the use of superhydrophobic surfaces on the ISS 
Have students understand hydrophobic and hydrophilic by testing and observing what happens 
when they drop a drop of water on paper, paper with a layer of glue, paper with hydrophobic 
sand glued to paper, paper with instant snow glued to paper. (Instructions provided in 
PowerPoint) 
Your challenge is to create a product that can make any surface dirt and stain resistant using your 
knowledge of hydrophobicity. Working with your team you will decide who needs your product, 
construction industries, car companies, city planners, clothing companies or homeowners. Your 
team will then choose methods for modifying your surface. After modifying your surface, it will 
be tested to determine hydrophobicity and its ability to keep dirt and water off.  
To begin you need to do some research and gain some background knowledge. Obverse the 
materials that have been provided. You may use up three different waterproofing materials to 
determine what combination works best. You may test the water proofing material to determine 
hydrophobicity and decide how you will use them to modify your surface.  
After testing, your team will evaluate your design and propose improvements for a next time. 
Let’s get started!  

Resources 
• Showing students what happens to water drops on the Colocasia leaf video 
• Showing the following superhydrophobic metal surfaces scientist have designed inspired by 

plants’ ability to say dry  

https://www.youtube.com/watch?time_continue=3&v=MJegJkFbCf4
https://www.youtube.com/watch?time_continue=186&v=FLegmQ8_dHg
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• Optional: Model what the microscopic surface looks like with eggcrate, or use cut Styrofoam 
balls to model drop profile/ contact angle and wettability of surfaces. Like this video 

• Provide Students with Background information if needed.  
• Show students how they will test for hydrophobicity by testing 3 waterproofing materials 

provided.  
• Provide Students with Self Cleaning Hydrophobic Surfaces Worksheet to help them organize 

their ideas, record drop profile, tilt angle, their d of definition of hydrophobic and future 
improvements.  

Maker Time 
 

1. Review the concepts behind hydrophobicity, the available materials, testing constraints, 
procedure, steps of the engineering design process.  

2. Divide the students into groups of 3-4, gives students 5 minutes to brainstorm what target 
audience, potential surfaces needed, and potential waterproofing materials. 

a. During the brainstorming session, allow students to test water proofing materials on 
their hydrophobic testing sheet.   

3. Students will devise a way to waterproof their chosen material. Students must develop a written 
plan for both materials. Students must modify and label the two approaches Material A and 
Material B.   

4. Students modify their 2 surfaces. 
5. Teams will then observe and diagram the drop profile/ contact angle of a drop of water on their 

modified surface 
a. Place a drop of water on the surface. 
b. Look at the drop from the side and sketch the drops profile or your worksheet. 

6. Teams will then test tilt/ roll off angle. 
a. Tape the bottom edge of clipboard to lab table. 
b. Clip your material onto the clipboard. 
c. Place a drop of water on the material. 
d.  Person 1: Begin to raise the clipboard slowly, Person 2: make sure to observe at eye 

level when the drop of water begins to roll. 
e. Using the protractor record the angle when the water drop begins to slide. If it did not 

slide, record no roll off angle.  
7. Test self-cleaning properties of self-cleaning properties  

a. Students will be provided with a set amount of “dirt” (salt, pepper, or glitter) 
b. After sprinkling dirt on surface, they will take the mass of the material and “dirt”. 
c. They will then pour a set amount of water on surface to clean surface 
d. Students will then take the mass of the initial material with dirt and then then the final 

after rinsing with water. They will then calculate the percent change in mass to 
determine how “clean” surface is.  

Wrap Up 
 
Students will reflect upon their designs and test results.  
They will choose a spokesperson to communicate their results and future improvements to the 
class.  

• How would describe your modified surface? Rough or Smooth 
• What other methods would you use to modify your surface and why? 

https://www.youtube.com/watch?v=mk6MRLd9gJc
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• What type roll off angle works best for self-cleaning surfaces?  
• What type of water drop profile/contact angle works best for self-cleaning surfaces? 
• How would you describe a hydrophobic surface? 

Attachments 
Self-Cleaning Hydrophobic Surfaces Worksheet 
Contributors 
Seth Pedersen 

Supporting Program 
Nanotechnology-Enabled Water Treatment Research Experience for Teachers Program, Rice University 

Acknowledgements 
Seth Pedersen, Quilin Lab, Rice University Rice Office of STEM Engagement 
 
NSF Nanotechnology Research Experience for Teachers, National Science Foundation, Grant EEC-
1406885 



Self-Cleaning Materials Challenge 

Engineering Design Challenge 

You are a part of a team of hydrophobic materials experts at the University of (insert school here). Your 
engineering team has been sought out create a product that can make any surface dirt and stain 
resistant using your knowledge of hydrophobicity. Working with your team you will decide who needs 
your product, construction industries, car companies, city planners, clothing companies or homeowners. 
Your team will then choose methods for modifying your surface. After modifying your surface, it will be 
tested to determine hydrophobicity and its ability to keep dirt and water off.  
To begin you need to do some research and gain some background knowledge. Observe the materials 
that have been provided. You may try two or three different solutions and see which works best. You 
may test two or three designs to determine hydrophobicity and decide how you will use them to modify 
your surface.  
After testing, your team will evaluate your design and propose improvements for a next time. Let’s get 
started!  
Materials and Tools 

• Several water proofing materials: wax, crayons, flax seed, lanolin, clay, glue, spoons or sticks for 
smoothing materials onto surface. 

• Other tools to modify surface roughness: sandpaper, wax paper, and hydrophobic sand 
• Surfaces to modify: Depending on your target user students will choose and appropriate 

material: 4x4 Piece of flat wood 4”x4” metal sheet, 4”x4” foam sheet, 4”x4” plastic sheet, 4”x4” 
cotton fabric, 4”x4” linoleum squares 

Explore and Design Stage 

In your group, test hydrophobic materials and describe who your targeted user will be. Use the box to 
describe your solution and list the materials you will use to the problem. Explain your thinking.  

Material A 
Your plan and hypothesis: 
 
 
Materials Needed:  
 
Creating Notes: 
Material A 
Your plan and hypothesis: 
 
 
Materials Needed:  
 
Creating Notes: 



 

 

 

Material B’s Surface 

Create 

Modify your 2 surfaces. Make sure to make notes of any changes or issues you have during your 
creation stage.  
 

Test 

Drop Profile /Contact Angle 

1. Place a drop of water on the modified surface. 
2. Look at the drop from the side and sketch the drops profile  

 

 

 

 
 

 

 

Tilt/ Roll Off Angle 
1. Tape the bottom edge of clipboard to lab table. 
2. Clip your material onto the clipboard. 
3. Place a drop of water on the material. 
4.  Person 1: Begin to raise the clipboard slowly, Person 2: make sure to observe at eye level when 

the drop of water begins to roll. 
5. Using the protractor record the angle when the water drop begins to slide. If it did not slide, 

record no roll off angle.  
Material Roll Off Angle 

A  
B  

 

Self-Cleaning Properties 

1. You will be provided with “dirt” to make your surfaces dirty.  
2. Sprinkle the dirt on your surface.  
3. Measure the initial mass. Record in data table below. 
4. Over a sink pour water over your material until all water is gone.   
5. Measure final mass of material after cleaning. Record in data table below. 
6. Repeat steps 2-5 for material B.  

Material  Initial Mass (g) Final Mass (g) 
A   
B   

 

 

 

 

 

Material A’s Surface 



Reflections and Improvements 

1. How would describe your modified surface? 
 
 
 
 
 
 
 
 

2. If you had to improve your modification method, how would you do this and why? 
 

 

 

 

 

3. What type roll off angle works best for self-cleaning surfaces?  
 

 

 

 

 

4. What type of water drop profile/contact angle works best for self-cleaning surfaces? 
 

 

 

 

 

 

5. How would you describe a hydrophobic surface? 
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NEET/ Research Experience for Teachers
NEET -semester long class focusing on water sustainability
NEWT RET- 8 Week Summer internship



My Summer Research

• In space there is a unique 
challenge to provide and sustain 
recourses

https://www.nasa.gov/content/life-support-systems



What is the current method for processing 
urine in space?

Scaling is still an issue in membrane distillation
Our Goal: Create a self cleaning super hydrophobic membrane

Current Method

• Requires lots of energy 
• Expensive heating 

equipment
• Mechanical failure at 

85% due to solid 
precipitation (Scaling)

Proposed Method

• process can occur at 
lower temperature 
and ambient pressure.

• Recover 90%of water 
from urine



Scaling of 
Membrane
A commercial 
Poly(vinylidene fluoride) 
(PVDF) membrane that has 
precipitate consisting of 
mainly of Ca, P, and O from 
membrane distillation using 
urine.



Taking advantage of special wettability 
properties of surfaces

• Wettability
• determined by the 

interaction of the liquid and 
the substrate solid material

• It can be quantified by 
measuring contact angle (CA)

• Lowering Contact Angle
• Those surfaces with properties 

that or not found in daily life
• For a self cleaning surface we 

would need a superhydophobic 
(water repellent) properties (a) Cassie Model showing water droplet saturating 

openings (b)Wenzel model showing air being trapped and 
water not wetting surface



Biomimicry and Roll Off Angle
Lotus Leaf

• Inspiration for self cleaning membrane 
• Lotus leaf has a hydrophobic and nonadhesive surface Diagram of water on tilted surface

Low Roll Off Angle Aids in Cleaning

Diagram of water on tilted surface



Methods and Testing Concentrations PVDF:PVP

Core Shell Solution

High Voltage Supply

Pump 1 Pump 2

Core Solution

Grounded Collector



SEM Images of Electrospun Fibers at different 
Concentrations of PVDF:PVP

A B C

C D E



SEM images, contact angle and roll off angle 
to choose final membrane
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Testing Roll Off Angle 

Diagram of water on tilted surface



Conclusion/ Future Work
• Modify with silver nanoparticles 

(increase roughness)
• Modify with chemical coating (lower 

energy)
• Test in Membrane Distillation Set Up
• Create Lesson Plan for my students 

• Biomimicry
• Hydrophobicity
• Nanotechnology applications



TeachEngineering is…
A free, searchable, web-based collection of 
standards-aligned, engineering lessons and 

activities for K-12 youth

TeachEngineering.org



Background Video



Self Cleaning Hydrophobic 
Surfaces



Biomimicry
Have you ever noticed how water rolls off a leaf? Like the Lotus Leaf or 
how a Lilly Pad floats on water. These plants parts are said to be 
superhydrophobic and their leaves never get dirty. Why is this? 



Nanoscale
Nanomaterials typically measure between 1nm 
and 1000 nm

Nanoscale
Nanomaterials typically measure between 1nm 
and 1000 nm



At this size, materials begin to exhibit unique properties that affect 
physical, chemical, and biological behavior

At this size, materials begin to exhibit unique properties that 
affect physical, chemical, and biological behavior
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Let’s Explore (Hydrophobic vs Hydrophilic)
Using your dropper, drop water on your surface and describe what you see or what happens to the drops of water.

Paper Glue

White Substance Pink Substance



What is The Hydrophobic Effect?

• Hydrophobic comes from the word hydro (water) and phobos (fear). 
It can be demonstrated by trying to mix oil and water. 



Superhydrophobic Surfaces Lotus Leaf

High Contact Angle and Low Roll Off Angle Aids in Cleaning

Diagram of water on tilted surface



Using self-cleaning products, you may be able 
to avoid stained clothing and dirty cars.



Your Challenge

• You are a part of a team of hydrophobic 
materials experts at Hydrotech. Your 
engineering team has been sought out 
to create a product that can make any 
surface dirt and stain resistant using 
your knowledge of hydrophobicity.



Make Observations-Define your Problem-
Choose Materials

Water Proofing 
Materials
• Wax
• Crayons
• Flax seed
• Lanolin
• Clay
• Glue

Tools to Modify
• Sandpaper
• Wax paper
• Sand

Surfaces to Modify
• Wood
• Metal Sheet
• Foam Sheet
• Plastic Sheet
• Cotton Fabric
• Linoleum Squares



Plan & Design

• Must have a written plan for chosen surface.
• What material will you modify. 
• What industry is this for?

• How will you modify?
• What tools and materials will you use to modify 

your  surface?
• Explain how and why you are using each material. 

•Sketch your design.



Create/Modify

• Modify your surfaces.
• Make sure to adjust and make note of any changes to your original 

plan as you create. 



Testing- Hydrophobicity

Drop Profile Tilt/Roll Off Angle



Testing Self Cleaning Ability



Reflections/Improvements

• Discuss with group
• Choose a spokesperson to communicate results.
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