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 Antifouling Polymerbrush  
Subject Area(s) problem solving, engineering, science  

Associated Unit    

Associated Lesson   

Activity Title  Antifouling Polymerbrush  

Header    

 
 
 
 
 
 
 
 

 

Grade Level   _7_ (_6_-_8_) 

Activity Dependency  

Time Required __30_ minutes 

Group Size 3 to 5 students  

 

 

Expendable Cost per Group US $ 5 

Summary In this lesson, students will learn the concept of bottlebrush polymers. In groups, 
students will design a model to depict antifouling of a water filtration surface and will be 
challenged to engineer surface modifications on an Styrofoam block using various materials. 

Engineering Connection The students will be provided an opportunity to utilize the engineering 
design process as they design a surface and make improvements on modeled design.  

Engineering Category = 1 
Choose the category that best describes this activity’s amount/depth of engineering content:  
1. Relating science and/or math concept(s) to engineering  

Keywords  
antifouling, fouling, polymer, polymer brush, filters, membrane, water, environment   

Educational Standards (List 2-4) 
Source, year, standard number(s)/letter(s), grade band and text (its unique ID# is optional) 
State STEM Standards  

7.2 (A) plan and implement comparative and descriptive investigations by making observations, 
asking well-defined questions, and using appropriate equipment and technology; 

7.2 (B)  design and implement experimental investigations by making observations, asking well-
defined questions, formulating testable hypotheses, and using appropriate equipment and 
technology; 

Image 2 

Image file: Engineering design process.svg. 

ADA Description: A circle showing the different steps of the 
engineering design process 

Source/Rights: Wikimedia Commons, the free media repository. 

Caption: The engineering design process is used a framework for 
completing projects both in the classroom and industry. 

Key: Yellow highlight = required component 

https://www.teachengineering.org/standards/browse
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7.8 (C) model the effects of human activity on groundwater and surface water in a watershed. 

ITEEA Standards  

2) Connect the study of technology to other fields of study in grades K-12 

NGSS Standards  

MS-ETS1-4 Engineering Design 

Develop a model to generate data for iterative testing and modification of a proposed object, 
tool, or process such that an optimal design can be achieved. 

Pre-Requisite Knowledge 

 

Learning Objectives 
After this activity, students should be able to: 

 Define fouling  

 Predict outcomes of changing a parameter in their design to create an antifouling property 
on a surface. 

 Explain rationale for their engineered solutions and test the design for functionality. 

 

Materials List 

Per group: 

 1 Rectangular Styrofoam block (6.6 Inch x 11.8) 

 20 Pipe cleaners  

 40-50 Small (0.5 inch) pom pom balls  

 10 Large (2.0 inch) pom pom  balls  

 10 Rubber bands 

 Yarn (6 ft or more) 

 Aluminum foil (18.5x11 rectangle) 

 Tape (1 roll) 

 1 container or tray to hold/organize the materials  

 1 pair Scissors 

 18 oz cups (for holding poms poms to be spilled out onto model for testing) 
 

Introduction / Motivation 
(The teacher will show the introduction with the attached powerpoint) 
Filters are used for purification of water obtained from several sources including from 
freshwater, wells, and different water sources worldwide. Filters are also commonly used to 
further purify tap water and other water sources found in homes such as rainwater. Filters are 
also important for use in water filtration applications in third world countries where clean water is 
much harder to obtain. Have you ever wondered how the filters themselves get cleaned? Or 
what would happen if the filter failed? How many of you own some type of water filtration system 
at home? You notice the filters do not last forever and eventually have to be replaced. Why do 
you think that is? Water filtration systems are great for purifying water, but what happens when 
the surface of the water filtration system gets dirty or clogged? Those undesired materials that 
can adhere to the surface of a water filtration membrane are called foulants. Foulants can be 
organic, inorganic or biological in nature. They also can cause the purification process to be 
inefficient, lower the water quality and waste energy of the filtration system while not being 
purified at its maximum capacity. If we can engineer a solution to that problem, it could extend 

https://www.teachengineering.org/standards/iteea
https://www.teachengineering.org/standards/ngss


Version: September 2016 

the life and quality of water filtration systems. This could be especially important in countries 
where clean drinking water is hard to find and the water filtration systems that have been built in 
those countries are important to be kept in good working order. Today, you are the engineer 
who will design a model of adding an antifouling surface to a water filtration system through 
use of a polymer brush model.  

 

Vocabulary / Definitions 
Word Definition 

Polymer Many repeating units of a molecule or structure 

Hydrophylic 
Polymer 

A water loving long repeating chemical chains 

Foulants Unwanted substances that can adhere to a surface 

Antifouling 
Properties that work against fouling (or adhesion of unwanted 
substances). 
 

Membrane the semi-permeable surface where the filtration occurs 

 

Procedure 
Background 
This activity is inspired by current research for designing anti-fouling membranes used in water 
treatment applications. Fouling is when an undesired layer of substances adhere, stick, to the 
surface. In this case, foulants adhere to a water filtration membrane over time of normal use. 
Fouling is troublesome because it can degrade water quality and make the water filtration 
process inefficient. All water filtration membranes, the semi-permeable surface where the 
filtration occur, are prone to fouling (or an adsorption of unwanted substances to the surface). 
They are prone to fouling because the pores of the membrane can be blocked mechanically by 
foulants. Constant replacement and reuse of water filtration membranes could become costly 
over time—a factor that could be unimaginable for a third world country for instance. Therefore, 
finding a way to extend the life of the existing membrane and preventing or resisting fouling is 
important. Nano-Enable Water Treatment (NEWT) is currently conducting research on ways to 
use nanotechnology to engineer thin polymer coatings to provide antifouling properties for the 
water filtration membranes. One such thin polymer coating is via use of a passive antifouling 
mechanism called a polymer brush. Polymer brushes are dense layers of polymers tethered to a 
surface. Brush-like macromolecules known as bottlebrush polymers (BBP) have the potential to 
function as fouling resistant water filtration membrane coatings.  The BBP serves as a fouling 
resistant coating by reducing the interaction between foulant and the water filtration membrane 
surface. The polymers have hydrophilic interactions that serve to form a foulant repelling 
hydration layer. This hydration layer serves almost as a “self-cleaning” property of the 
bottlebrush polymer.  
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Fig. 1  

Fouling of water not only degrades the water filtration process but also causes issues with the 
quality of drinking water. Over time, foulants biological, organic, and inorganic in nature begin to 
deteriorate systems set in place for a process as critical as water filtration. The image (Fig. 1) 
above shows how the hydrophylic nature of the polymers are able to prevent the adhesion of 
foulant particles to the surface of a water filtration membrane. NEWT is  a collaboration of 
researchers at Rice University, Arizona State University, Yale University, and University of 
Texas at El Paso funded by the National Science Foundation on the frontlines of creating this 
technology to improve the water filtration process. Obtaining fresh clean water is can be very 
difficult in many places around the world.  Engineering technology such as this can have a very 
wide reaching effect. Though the science of what will make these antifouling polymers effective 
is on a nanoscale, this activity can be used as a model to help the students begin to think of the 
process of modifying a surface to obtain a more desired outcome, which is a basic goal of the 
antifouling thin film polymers creation and research.  

 
Before the Activity 

Before beginning the lesson with the students, the teacher will need to provide the appropriate 
amount of materials to each station in a container or on a tray where they will have easy access 
to the materials in one place. The teacher should also review the vocabulary of the 
introduction/motivation of the lesson (via use of the attached powerpoint) along with important 
key vocabulary. The teacher can also talk the students through the engineering design process: 
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Fig 2: 

 With the Students 
1. The Teacher will show and talk through the introduction/motivation with necessary 

background information with the attached powerpoint.  
 

2. Using the Engineering Design Process description above, the teacher will say, “We 
will be using the Engineering design process to develop a model to solve the 
problem of fouling by creating an anti-fouling water filtration membrane coating using 
the materials available at your table.  
 

3. Teacher will say “Each group will obtain one Styrofoam block per group (which 
serves as the model of the surface of your water filtration system). Your goal is to 
make a system that modifies the surface of your water filtration membrane. The 
system should be a design that allows water molecules (small poms poms) to 
interact with the membrane (the styrafoam block), but keep the foulants (the large 
pom poms) from interacting with the membrane. 
  

4. Your group can use the following materials: pipe cleaners (hyrdophylic polymer), 
yarn, aluminum foil, tape (all different types of side chain possibilities) and scissors to 
cut whatever needs to be cut.  

 
 

5. First you will have to take a few minutes to think about the materials you have and 
what they will and won’t be able to do.  

 
6. Next, you will brainstorm and make a blue print of how you will use your materials to 

in order to create a model of an antifouling surface-coating of a water filtration 
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membrane. When you are done, you will share with your whole group your blueprints 
and you guys will use the best parts of each person’s design to create the model for 
your group. 
 

7. Next you will make a prediction about what outcome you expect with your blueprint.  
 

8. After you have completed that step, you will actually design your model and test it to 
see how well it works.  
 

9. You will be given time to test and retest your design and once time is up, will share 
your antifouling system and the results of how it worked with the class. 

 

 

Attachments 

 Antifouling Polymerbrush Lesson Powerpoint 

 Antifouling Polymerbrush Lesson Worksheet 
 

Safety Issues 

 Pipe cleaners can have sharp edges. Students should exercise caution when handling the 
pipe cleaners. 

Troubleshooting Tips 

 

 Make sure that students understand that the water molecules (small poms-poms) 
should be able to make it through to the membrane, while the foulants need to be 
kept aware from the membrane (Styrofoam board), or ideally even repelled from 
it. 

 Students can cut/rip or tear any of the materials except for the pom-poms and the 
membrane (Styrofoam board) 

 Make sure the parts of the brainstorming design are labeled so that the students 
can clearly follow their plans. 

 

Investigating Questions How can we engineer a model for an anti-fouling coating of a 
water filtration membrane? 
 

Assessment 

Pre-Activity Assessment  
Engage Questions:  Students will think, pair and share, answering the following questions. 

1. What affect do you believe foulants will have on the water filtration membrane? 
2. How would the water be affected? 

Activity Embedded Assessment 
Design Presentation:  Students will present their design to the class, answering the following 
questions: explaining  
 

3. What would it look like if your membrane was fouled? 
4. Why did you designed it the way you did? 
5. How well did it work? 
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Post-Activity Assessment 
Revaluation:  

6. Define Fouling. 
7. Based on the design that you made, what types of changes could you make to make it 

work even better? 
8. What are some potential limitations of the model in comparison to real life? 

 

Activity Extensions 
Students can draw their new and improved design based on their testing and what changes 
they think they would make their prototype design better. They can also calculate the water flow 
efficiency and % foulant blockage (see attached worksheet). 
 
Students may be given the option to bring in their own items to further enhance their designs.  
 

Activity Scaling 

 For lower grades, they can get a smaller area to cover so that the area that they have to 
figure out a design for will not be so large.  

 For higher grades students can consider how they would change the design if shape of the 
Styrofoam is different, like the membrane surface is spread over a multidimensional shape 

 Or-, students could have different sized foulants that they have to prevent from getting 
through to the membrane. 
 

Additional Multimedia Support 

None 
 

References 

 
1. Figure1: Photo credit: Mei, Hao 

 

2. Figure 2: File:Engineering design process.svg. (2014, November 6). Wikimedia 
Commons, the free media repository. Retrieved 03:24, February 26, 2018 
from https://commons.wikimedia.org/w/index.php?title=File:Engineering_design_
process.svg&oldid=138789068. 

 

3. Phil. Trans. R. Soc. A 370, 2381–2417 doi:10.1098/rsta.2011.0502 
http://rsta.royalsocietypublishing.org/content/roypta/370/1967/2381.full.pdf 
 

4. Mei, Hao. Design and Processing of Bottlebrush Thin Film Antifouling coatings 
(Thesis Proposal ) 2017. 

 

Other 
 

Redirect URL 
 

https://commons.wikimedia.org/w/index.php?title=File:Engineering_design_process.svg&oldid=138789068
https://commons.wikimedia.org/w/index.php?title=File:Engineering_design_process.svg&oldid=138789068
http://rsta.royalsocietypublishing.org/content/roypta/370/1967/2381.full.pdf


Version: September 2016 

Contributors  C. Enemchukwu, Dr. Rafael Verduzco, Christina Crawford, Dr. Carolyn 
Nichol and Hao Mei 
 

Supporting Program 

NEWT 
 

Acknowledgements 

 Special Thanks to Dr. Verduzco, Christina Crawford, Dr. Carolyn Nichol  and Hao 
Mei ,  

 NSF Nanotechnology Research Experience for Teachers, National Science 
Foundation Grant EEC-1449500 

 
 

Classroom Testing Information 
This was tested with 9 students, one group of 4 and one group of 5. The students were walked 
through the problem and the engineering design process as they made a blueprint, built and 
tested their prototype. There are many possible ways that this could look, but the students 
ended up making the following design.  
 

  
 
 
 



Name_________________________ Date________________________ Per______________ 

 

Before Building your Design 

Directions: Answer the following questions below. 

1. What is a foulant? 

 

 

2. Why is it important to prevent foulants from the surface of water filtration membranes?(Identify the 
Problem) 

 

 

3. Draw your design in the box below. Label the hydrophilic polymers, the water filtration membrane, 
the foulants and the water. (Brainstorming and Planning) 

 

 

 

 

 

 

 

 

 

 

4. Predict how your design will work to block foulants from the surface of the water filtration 
membrane. 

Building your Deign 

You will share your design with the rest of your teammates, and you will choose the best (or a 
combination of the best parts) of design to build. 

 

5.  How well did your design work? What might you need to improve? (Testing) 



 

6. What are some potential limitations of the model in comparison to real life? (Reevaluate the design) 

 

Extension Questions: 

7. What is the % efficiency water flow of your design? Calculate by using the following equation: 

% 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝐸𝐸 𝑤𝑤𝑤𝑤𝑤𝑤𝐸𝐸𝑤𝑤 𝐸𝐸𝑓𝑓𝑜𝑜𝑤𝑤 =
# 𝑤𝑤𝑤𝑤𝑤𝑤𝐸𝐸𝑤𝑤 𝑚𝑚𝑜𝑜𝑓𝑓𝐸𝐸𝐸𝐸𝑚𝑚𝑓𝑓𝐸𝐸𝑚𝑚 𝑝𝑝𝑤𝑤𝑚𝑚𝑚𝑚 𝑤𝑤ℎ𝑤𝑤𝑜𝑜𝑚𝑚𝑟𝑟ℎ 𝑤𝑤𝑜𝑜 𝑚𝑚𝐸𝐸𝑚𝑚𝑚𝑚𝑤𝑤𝑤𝑤𝐸𝐸𝐸𝐸 𝑚𝑚𝑚𝑚𝑤𝑤𝐸𝐸𝑤𝑤𝐸𝐸𝐸𝐸 

# 𝑜𝑜𝐸𝐸 𝑤𝑤𝑜𝑜𝑤𝑤𝑤𝑤𝑓𝑓 𝑤𝑤𝑤𝑤𝑤𝑤𝐸𝐸𝑤𝑤 𝑚𝑚𝑜𝑜𝑓𝑓𝐸𝐸𝐸𝐸𝑚𝑚𝑓𝑓𝐸𝐸𝑚𝑚
  X 100 

 

 Our water flow efficiency % is ______________________________________________ %. 

 

8. What is the % foulant blockage of your design? Calculate by using the following equation: 

 

% 𝐹𝐹𝑜𝑜𝑚𝑚𝑓𝑓𝑤𝑤𝐸𝐸𝑤𝑤 𝐵𝐵𝑓𝑓𝑜𝑜𝐸𝐸𝐵𝐵𝑤𝑤𝑟𝑟𝐸𝐸

=
𝑇𝑇𝑜𝑜𝑤𝑤𝑤𝑤𝑓𝑓 # 𝐸𝐸𝑜𝑜𝑚𝑚𝑓𝑓𝑤𝑤𝐸𝐸𝑤𝑤 𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤𝐸𝐸𝐸𝐸𝑓𝑓𝐸𝐸𝑚𝑚 − #𝐸𝐸𝑜𝑜𝑚𝑚𝑓𝑓𝑤𝑤𝐸𝐸𝑤𝑤𝑚𝑚 𝑤𝑤ℎ𝑤𝑤𝑤𝑤 𝑝𝑝𝑤𝑤𝑚𝑚𝑚𝑚 𝑤𝑤𝑜𝑜 𝑚𝑚𝐸𝐸𝑚𝑚𝑚𝑚𝑤𝑤𝑤𝑤𝐸𝐸𝐸𝐸 𝑚𝑚𝑚𝑚𝑤𝑤𝐸𝐸𝑤𝑤𝐸𝐸𝐸𝐸 

# 𝑜𝑜𝐸𝐸 𝑤𝑤𝑜𝑜𝑤𝑤𝑤𝑤𝑓𝑓 𝐸𝐸𝑜𝑜𝑚𝑚𝑓𝑓𝑤𝑤𝐸𝐸𝑤𝑤 𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤𝐸𝐸𝐸𝐸𝑓𝑓𝐸𝐸𝑚𝑚
  X 100 

 

Our foulant blockage % is ______________________________________________ %. 

 

9. Based on how your testing went and the information calculated above, draw your new and improved 
design in the box below. Label the hydrophilic polymers, the water filtration membrane, the foulants 
and the water. 
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Antifouling Polymer Brushes



Optimizing Crosslinking of Thin Film 
Bottlebrush Polymer for Use in 
Antifouling Membrane Coatings



Equipment Used
1. A flow coater  is used in casting 

of BBP onto silica substrates. 
This can be used to deposit 
nanoscale-thin films with precise 
control over film thickness

2. An optical ellipsometer is used 
for measuring thickness of thin 
films through analysis of the 
phase difference of light that is 
reflected from the surface. 

3. A UV reactor initiated the 
crosslinking reaction. The 
intensity of the light is determined 
by the number of bulbs placed in 
the reactor.  



Antifouling Polymer brush Lesson



What Am I?

I can be sparkling but I’m not a star
I can run but I don’t have any legs
I can fall but I don’t get hurt
I’m found in a bath but I’m not a 
rubber duck
I can help you clean but I’m not 
soap
Source: http://riddles-for-kids.org/water-riddles/



Clean Water

Water needs to be 
clean in order to be 
safe to drink.



Water Filters

Water filters are one 
method used for 
purification of water.



Fouling

Water filters membranes (separators) can get dirty 
or clogged over time with unwanted particles (or 
foulants).



Hydrophilic Polymers

Researchers are using hydrophilic (water-loving) long 
repeating chemical chains (polymers) as a potential 
antifouling coating for water filtration membranes. 
Hydrophilic polymers resist foulants. 



Your Challenge
Today, you are the engineer 
who will use the engineering 
design process to…
Design a model of adding an 
antifouling coating to a water 
filtration membrane using the 
materials at your table. 
 Your coating should allow 

the water to interact the 
membrane, but keep the 
foulants away from the 
membrane. 



Resources

 http://riddles-for-kids.org/water-riddles/
 File:Brita water filter in use.JPG. (2012, June 16). Wikimedia Commons, the free 

media repository. Retrieved 00:53, April 9, 2018 
from https://commons.wikimedia.org/w/index.php?title=File:Brita_water_filter_in_
use.JPG&oldid=72762277.

 File:Circle-question-blue.svg. (2017, December 8). Wikimedia Commons, the free 
media repository. Retrieved 01:05, April 9, 2018 
from https://commons.wikimedia.org/w/index.php?title=File:Circle-question-
blue.svg&oldid=271013147.

 File:1972 Clean Water Act (15197722145).jpg. (2016, October 20). Wikimedia 
Commons, the free media repository. Retrieved 01:17, April 9, 2018 
from https://commons.wikimedia.org/w/index.php?title=File:1972_Clean_Water_
Act_(15197722145).jpg&oldid=210279564.

 https://www.sswm.info/sswm-university-course/module-6-disaster-situations-
planning-and-preparedness/further-resources-0/membrane-filtration

 http://www.pslc.ws/macrog/kidsmac/basics.htm

https://commons.wikimedia.org/w/index.php?title=File:Brita_water_filter_in_use.JPG&oldid=72762277
https://commons.wikimedia.org/w/index.php?title=File:Circle-question-blue.svg&oldid=271013147
https://commons.wikimedia.org/w/index.php?title=File:1972_Clean_Water_Act_(15197722145).jpg&oldid=210279564
https://www.sswm.info/sswm-university-course/module-6-disaster-situations-planning-and-preparedness/further-resources-0/membrane-filtration
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