
2/19/2020 Turn Milk into Plastic! | Science Project

https://www.sciencebuddies.org/science-fair-projects/project-ideas/Chem_p101/chemistry/turn-milk-into-plastic#procedure 1/8

Turn Milk into Plastic!

Areas of Science Chemistry (http://www.sciencebuddies.org/science-fair-projects/project-ideas/chemistry)

Difficulty

Time Required Very Short (≤ 1 day)

Prerequisites None

Material Availability Readily available

Cost Very Low (under $20)

Safety This science project uses hot liquids. Adult supervision and/or help is needed.

Abstract

"Plastic made from milk" —that certainly sounds like something made-up. If you agree, you may be surprised to learn that in the early 20th century, milk was used to make
many different plastic ornaments —including jewelry for Queen Mary of England! In this chemistry science project, you can figure out the best recipe to make your own
milk plastic (usually called casein plastic) and use it to make beads, ornaments, or other items.

Objective

In this chemistry science project, you will investigate which is the best recipe for making plastic out of milk.

Credits

Sandra Slutz, PhD, Science Buddies

Cite This Page

General citation information is provided here. Be sure to check the formatting, including capitalization, for the method you are using and update your citation, as needed.

MLA Style

Science Buddies Staff. "Turn Milk into Plastic!" Science Buddies, 12 Jan. 2020, https://www.sciencebuddies.org/science-fair-projects/project-
ideas/Chem_p101/chemistry/turn-milk-into-plastic. Accessed 19 Feb. 2020.

APA Style

Science Buddies Staff. (2020, January 12). Turn Milk into Plastic! Retrieved from https://www.sciencebuddies.org/science-fair-projects/project-
ideas/Chem_p101/chemistry/turn-milk-into-plastic

Last edit date: 2020-01-12

Introduction

What can you make out of milk? Cheese, butter, whipped cream, sour cream, yogurt, ice cream, and...plastic! Are you surprised by plastic? It is true. In fact, from the early
1900s until about 1945, plastic made from milk was quite common. This plastic, known as casein plastic or by the trade names Galalith and Erinoid, was used to
manufacture buttons, decorative buckles, beads, and other jewelry, as well as fountain pens and hand-held mirrors and fancy comb-and-brush sets. Figure 1 shows
examples of belt buckles made from casein plastic in the 1930s and '40s; more examples can be found in the references in the Bibliography.

https://www.sciencebuddies.org/science-fair-projects/project_ideas/help_project_difficulty.shtml
https://www.sciencebuddies.org/science-fair-projects/project-ideas/chemistry
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Figure 1. These decorative belt buckles were all manufactured from casein plastic in the 1930s and '40s. (Photograph courtesy of Galessa's Plastics Photostream, 2007

(http://www.flickr.com/photos/galessa/with/414176756/#photo_414176756))

But how can milk be changed into plastic? To answer that we need to think first about what plastic is. The word plastic is used to describe a material that can be molded
into many shapes. Plastics do not all look or feel the same. Think of a plastic grocery bag, a plastic doll or action figure, a plastic lunch box, and a disposable plastic water
bottle. They are all made of plastic, but they look and feel different. Why? Their similarities and differences come from the molecules that they, like everything else, are
made of. Molecules are the smallest units (way too small to see with your eye!) of any given thing. Plastics are similar because they are all made up of molecules that are
repeated over and over again in a chain. These are called polymers, and all plastics are polymers. Sometimes polymers are chains of just one type of molecule, as in the
top half of Figure 2. In other cases polymers are chains of different types of molecules, as in the bottom half of Figure 2, that link together in a regular pattern. A single
repeat of the pattern of molecules in a polymer (even if the polymer uses only one type of molecule) is called a monomer.

 
Figure 2. The top image shows a polymer where the monomers are just one type of molecule. The bottom image shows a polymer where the monomers are made up of

three different molecules. In both polymers, the monomers link in a repeating pattern.

Milk contains many molecules of a protein called casein. When you heat milk and add an acid (in our case vinegar), the casein molecules unfold and reorganize into a
long chain. Each casein molecule is a monomer and the polymer you make is made up of many of those casein monomers hooked together in a repeating pattern like the
top (all pink) example in Figure 2.. The polymer can be scooped up and molded, which is why it is a plastic.

In this chemistry science project, you will investigate what is the best recipe for making casein plastic by making batches of heated milk with different amounts of vinegar.
How much vinegar is needed to give you the most plastic? Without enough vinegar the casein molecules do not unfold well, making it difficult for them to link together into
a polymer. Of course, if you were manufacturing you would be thinking about both the amount of plastic you can make and the cost. The more of any ingredient you use
the more expensive the end product is. The "best" recipe will have the highest yield (make the most plastic) for the smallest amount of vinegar.

http://www.flickr.com/photos/galessa/with/414176756/#photo_414176756
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The plastic you make will be a bit more crumbly and fragile than Galalith or Erinoid. That is because the companies that made those casein plastics included a second
step. They washed the plastic in a harsh chemical called formaldehyde. The formaldehyde helped harden the plastic. Although you will not use formaldehyde because it is
too dangerous to work with at home, you will still be able to mold the unwashed casein plastic you make. Once you have a recipe, with the best ratio of vinegar to milk, for
your casein plastic, you can have fun with it. Try shaping it, molding it, or dyeing it to make beads, figures, or ornaments, such as those shown in Figure 3.

 
Figure 3. The casein plastic you will make in this project can be used to make beads, figures, or ornaments like the ones shown here.

Terms and Concepts

Casein plastic
Plastic
Molecule
Polymer
Monomer
Casein
Acid
Yield
Curds

Questions

What is the smallest unit of a polymer?
What are some properties of a plastic?
What are plastics made of today?
Besides casein, what is in milk?
Can you make casein plastic from soy milk? Why or why not?

Bibliography

These resources have more information about, and photos of, casein plastic:

Morgan, J. (2001, June 11). Welcome to the Caseino. Retrieved July 30, 2012, from http://www.caseino.internet-today.co.uk/ (http://www.caseino.internet-today.co.uk/)

Plastics Historical Society. (2011). Casein. Retrieved July 30, 2012, from http://www.plastiquarian.com/index.php?id=60 (http://www.plastiquarian.com/index.php?id=60)

This website is a fun introduction to polymers:

Polymer Science Learning Center, University of Southern Mississippi. (2012). What is a polymer? Retrieved July 26, 2012, from
http://www.pslc.ws/macrog/kidsmac/wiap.htm (http://www.pslc.ws/macrog/kidsmac/wiap.htm)

For help creating graphs, try this website:

National Center for Education Statistics, (n.d.). Create a Graph. Retrieved June 2, 2009, from http://nces.ed.gov/nceskids/createagraph/
(http://nces.ed.gov/nceskids/createagraph/)

Materials and Equipment

The materials listed below are for doing the experimental procedure exactly as written. However, you can make changes to the experimental procedure in order to use a
different size measuring cup and/or a stovetop rather than a microwave.

Mugs or other heat-resistant cups (4); they should all be identical so as not to introduce another variable (See Variables in Your Science Fair Project
(http://www.sciencebuddies.org/science-fair-projects/science-fair/variables)), and large enough to hold more than 8 oz. of liquid
Masking tape
Pen or permanent marker
Teaspoon measuring spoon

http://www.caseino.internet-today.co.uk/
http://www.plastiquarian.com/index.php?id=60
http://www.pslc.ws/macrog/kidsmac/wiap.htm
http://nces.ed.gov/nceskids/createagraph/
https://www.sciencebuddies.org/science-fair-projects/science-fair/variables
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White vinegar (at least 8 oz.)
Milk (at least 12 cups); nonfat, 1%, 2%, and whole milk will all work
Microwavable liquid measuring cup; should be large enough to hold 4 cups of milk like this one from Amazon.com (https://www.amazon.com/gp/product/B0000CFMZP/ref=as_li_ss_tl?

ie=UTF8&tag=sciencebuddie-20&linkCode=as2&camp=1789&creative=390957&creativeASIN=B0000CFMZP)

Microwave
Cooking or candy thermometer, such as this one from Amazon.com (https://www.amazon.com/gp/product/B000095RBW/ref=as_li_ss_tl?ie=UTF8&tag=sciencebuddie-

20&linkCode=as2&camp=1789&creative=390957&creativeASIN=B000095RBW)

Spoons (4)
Cotton cloth (12 squares, each 6 x 6 inches); cutting up old T-shirts works just fine
Rubber bands (4)
Clear plastic or glass drinking cups (4), each large enough to hold 8 oz. of liquid
Kitchen scale, should be accurate to 1 gram, such as this one from Amazon.com (https://www.amazon.com/gp/product/B000P1NYE8/ref=as_li_ss_tl?ie=UTF8&tag=sciencebuddie-

20&linkCode=as2&camp=1789&creative=390957&creativeASIN=B000P1NYE8)

Wax paper (in 12 identical pieces); each piece should be smaller than the weighing surface of the kitchen scale
Paper towels
Lab notebook
Optional (for fun): molds, cookie cutters, food coloring, paint, glitter, permanent markers

Disclaimer: Science Buddies participates in affiliate programs with Home Science Tools (https://www.homesciencetools.com/?aff=SB1), Amazon.com (https://www.amazon.com/?

ie=UTF8&tag=sciencebuddie-20), Carolina Biological (http://www.carolina.com?s_cid=ptnr_scibuddies), and Jameco Electronics (http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=turn-milk-into-

plastic&url=http%3a%2f%2fwww.jameco.com). Proceeds from the affiliate programs help support Science Buddies, a 501(c)(3) public charity, and keep our resources free for everyone.
Our top priority is student learning. If you have any comments (positive or negative) related to purchases you've made for science projects from recommendations on our
site, please let us know. Write to us at scibuddy@sciencebuddies.org (mailto:scibuddy@sciencebuddies.org?subject=Supplier_Comments).

. 
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Experimental Procedure

Making Casein Plastic

This experiment uses hot liquids, so an adult's help will be needed throughout.

1. Using the masking tape and pen, label the four mugs: 1, 2, 4, and 8.
2. Use the measuring spoon to add 1 teaspoon (tsp.) of white vinegar to the mug labeled "1," 2 tsp, to the mug labeled "2," 4 tsp. to the mug labeled "4," and 8 tsp. to

the mug labeled "8."
3. Heat 4 cups of milk (1 quart) in a large measuring cup in the microwave.

a. The exact amount of time needed will depend on your microwave. Start by warming the milk at 50% power for five minutes. The 50% power will help you
avoid scalding (burning) the milk.

b. Have an adult check the milk with a thermometer to make sure it is at least 49°C (120°F). If it is not heated enough, put it back in the microwave for another
two minutes at 50% power. Repeat this step until the milk is hot. Warmer than 49°C is fine.

c. In your lab notebook write down the total number of minutes it took you to warm the milk and the final temperature of the hot milk. When you repeat these
steps later you should try to get as close to these numbers as possible. 1 or 2 degrees warmer or cooler is fine as long as the milk is at least 49°C.

4. Carefully pour 1 cup of hot milk in to each of the four mugs with vinegar in them. (You may need to ask an adult to pour the hot milk for you.) What do you see
happening in each mug? Write down your observations in a data table, like Table 1 below, in your lab notebook. In at least one of the mugs you should see that the
milk has separated into white clumps (called curds).

a. Make sure to pour the milk in to all four of the mugs at the same time so that the milk is the same temperature across all four vinegar amounts.

https://www.amazon.com/gp/product/B0000CFMZP/ref=as_li_ss_tl?ie=UTF8&tag=sciencebuddie-20&linkCode=as2&camp=1789&creative=390957&creativeASIN=B0000CFMZP
https://www.amazon.com/gp/product/B000095RBW/ref=as_li_ss_tl?ie=UTF8&tag=sciencebuddie-20&linkCode=as2&camp=1789&creative=390957&creativeASIN=B000095RBW
https://www.amazon.com/gp/product/B000P1NYE8/ref=as_li_ss_tl?ie=UTF8&tag=sciencebuddie-20&linkCode=as2&camp=1789&creative=390957&creativeASIN=B000P1NYE8
https://www.homesciencetools.com/?aff=SB1
https://www.amazon.com/?ie=UTF8&tag=sciencebuddie-20
http://www.carolina.com/?s_cid=ptnr_scibuddies
http://www.avantlink.com/click.php?tt=cl&mi=10609&pw=182414&ctc=turn-milk-into-plastic&url=http%3a%2f%2fwww.jameco.com
mailto:scibuddy@sciencebuddies.org?subject=Supplier_Comments
https://www.sciencebuddies.org/science-fair-projects/project-ideas/Chem_p101/chemistry/turn-milk-into-plastic
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Number teaspoons of
vinegar

Forms curds?
(yes/no)

Describe liquid after
sieve

Weight of casein plastic (in
grams)

Write down any other
observations

1     

2     

4     

8     

Table 1. Make a table like this in your lab notebook to write down your data. Make a new table for each repeat of this experiment, for a total of three tables.

5. Mix each mug of hot milk and vinegar slowly with a spoon for a few seconds. That will help make sure the vinegar reacts with as much of the milk as possible.
6. Meanwhile, take one of the cotton-cloth squares and attach it with a rubber band to the top of one of the clear cups so that it completely covers the cup's opening.

This will make a sieve as shown in Figure 4 below.
a. Make sure the cloth hangs down a bit inside the cup so that you have room to pour liquid in.
b. Repeat this step with the other three clear cups.
c. Label the clear cups 1, 2, 4, and 8 with the tape and pen.

7. Once the milk and vinegar mixture has cooled a bit, carefully pour the mixture from mug "1" into the cotton cloth sieve on cup "1." If there are any curds, they will
collect in the cloth sieve. The leftover liquid will filter into the clear cup. Figure 4 below shows what the setup looks like. Where do you think the casein is, in the
liquid in the cup or the curds in the sieve? Tip: You may want to do this step over a sink just in case any of the liquid spills.

 
Figure 4. A piece of cotton cloth and a rubber band are used to make a sieve at the top of a clear glass. Once the milk and vinegar mixture is poured into the sieve, the

curds will gather on the top of the sieve, and the liquid will drain through into the clear cup.

8. In your table in your lab notebook, write down what the leftover liquid in the clear cup looks like. What color is it? How clear is it? Be sure to write the information
down for each cup on the corresponding line on the table (for instance, cup "1" for the cup with 1 tsp. of vinegar, and so on).

9. Over a sink, carefully remove the rubber band sieve on cup "1." With your hands, squeeze all the extra liquid out of the curds. Scrape the curds off of the cloth and
knead them together, as you would bread dough, into a ball. This is your casein plastic. Before it dries, the ball of dough will look similar to Figure 5 below.



2/19/2020 Turn Milk into Plastic! | Science Project

https://www.sciencebuddies.org/science-fair-projects/project-ideas/Chem_p101/chemistry/turn-milk-into-plastic#procedure 6/8

 
Figure 5. The wet casein plastic will form a lumpy ball of whitish dough like the one shown here.

10. Weigh the ball of casein plastic on a kitchen scale (set for grams) using a piece of wax paper to keep the scale clean. Record the weight in your table.
a. When weighing, remember to turn on the scale and first make sure it reads zero with nothing on it. This will help make sure your measurements are

accurate. Also, use a new sheet of wax paper each time you weigh a different ball of casein plastic. This will give you exact weights (without crumbs and
liquid from the last ball)

b. The amount of casein plastic each recipe makes is called the yield for that recipe. The more plastic, as measured by weight in this case, the greater the
yield.

11. Repeat steps 7-10 for the other three mugs of milk and vinegar.
12. If you want to make your casein plastic into something, you can color, shape, or mold it now (within an hour of making the plastic dough) and then leave it to dry on

some paper towels for at least 48 hours. See the "Ideas for Fun with Casein Plastic" for more suggestions.
13. For your science project you will want to repeat steps 1-11 again two more times. This will give you enough data to see whether one recipe reliably yields more

casein plastic than another.

Analyzing Your Data

1. Calculate the average yield (amount in grams) of casein plastic made from each recipe. If you do not know how to average, ask an adult to show you.
2. Make a bar graph showing the average yield for each recipe. You can make the bar graph by hand or use a website like Create A Graph

(https://nces.ed.gov/nceskids/CreateAGraph/default.aspx) to make the graph on the computer and print it.
a. On the left axis (the y-axis) write the average yield of casein plastic. Make a bar along the x-axis for each of the four recipes you tested.

3. When you look at your observations about the liquid left over after straining out the curds, do the weights of the yields make sense? Why or why not?
4. Which recipe yielded the most casein plastic on average? Was any other recipe a close second? Based on this data, which do you think is the "best" recipe in

terms of yield?

Ideas for Fun with Your Casein Plastic

Try making beads, ornaments, or figurines out of your casein plastic. You should do the molding and coloring steps (except for paint and/or marker) within the first hour of
making the plastic or it will start drying out.

1. Shaping the plastic:
a. Knead the dough well before shaping it.
b. Molds and cookie cutters work well on the wet casein plastic.
c. You can also sculpt the wet casein plastic into figures, but it takes a bit more patience.

2. Coloring the plastic:
a. Food coloring, glitter, or other decorative bits can be added to the wet casein plastic dough. The beads in Figure 3 above were made from casein plastic

dough that had yellow food coloring and multicolored glitter kneaded into it.
b. Dried casein plastic can be painted or colored on with markers. The smiley face in Figure 3 is on uncolored casein plastic and was drawn on using a black

permanent marker.
3. Hardening the plastic:

a. Casein plastic will be hard once it has dried.
b. Drying time varies depending on the thickness of the final item (thicker pieces take longer), but most casein plastic requires at least two days to become

hard.

.

If you like this project, you might enjoy exploring these related careers:

https://nces.ed.gov/nceskids/CreateAGraph/default.aspx
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Chemical Engineer (http://www.sciencebuddies.org/science-engineering-careers/engineering/chemical-engineer)

Chemical engineers solve the problems that affect our everyday lives by applying the principles of chemistry. If you enjoy working in a
chemistry laboratory and are interested in developing useful products for people, then a career as a chemical engineer might be in your
future. Read more (http://www.sciencebuddies.org/science-engineering-careers/engineering/chemical-engineer)

Materials Scientist and Engineer (http://www.sciencebuddies.org/science-engineering-careers/engineering/materials-scientist-and-engineer)

What makes it possible to create high-technology objects like computers and sports gear? It's the materials inside those products.
Materials scientists and engineers develop materials, like metals, ceramics, polymers, and composites, that other engineers need for
their designs. Materials scientists and engineers think atomically (meaning they understand things at the nanoscale level), but they
design microscopically (at the level of a microscope), and their materials are used macroscopically (at the level the eye can see). From
heat shields in space, prosthetic limbs, semiconductors, and sunscreens to snowboards, race cars, hard drives, and baking dishes,
materials scientists and engineers make the materials that make life better. Read more (http://www.sciencebuddies.org/science-engineering-

careers/engineering/materials-scientist-and-engineer)

Chemist (http://www.sciencebuddies.org/science-engineering-careers/earth-physical-sciences/chemist)

Everything in the environment, whether naturally occurring or of human design, is composed of chemicals. Chemists search for and use
new knowledge about chemicals to develop new processes or products. Read more (http://www.sciencebuddies.org/science-engineering-careers/earth-

physical-sciences/chemist)

Industrial Engineer (http://www.sciencebuddies.org/science-engineering-careers/engineering/industrial-engineer)

You've probably heard the expression "build a better mousetrap." Industrial engineers are the people who figure out how to do things
better. They find ways that are smarter, faster, safer, and easier, so that companies become more efficient, productive, and profitable,
and employees have work environments that are safer and more rewarding. You might think from their name that industrial engineers
just work for big manufacturing companies, but they are employed in a wide range of industries, including the service, entertainment,
shipping, and healthcare fields. For example, nobody likes to wait in a long line to get on a roller coaster ride, or to get admitted to the
hospital. Industrial engineers tell companies how to shorten these processes. They try to make life and products better. Finding ways to
do more with less is their motto. Read more (http://www.sciencebuddies.org/science-engineering-careers/engineering/industrial-engineer)

Variations

How does the temperature of the milk affect how much casein plastic you can produce? Design an experiment to find out.
In this science project you added vinegar, an acid, to milk to make casein plastic. There are a lot of other acids you can probably find around the house, such as
lemon juice, orange juice, soda pop, and tomato juice. Do some of these acids work better than others to make casein plastic? Design an experiment to find out.
Tip: To learn more about acids and bases, see Acids, Bases, & the pH scale (http://www.sciencebuddies.org/science-fair-projects/references/acids-bases-the-ph-scale) by Science Buddies.
If you are interested in making another fun polymer, try the Slime Chemistry (http://www.sciencebuddies.org/science-fair-projects/project-ideas/Chem_p012/chemistry/make-slime) project.

Ask an Expert

The Ask an Expert Forum is intended to be a place where students can go to find answers to science questions that they have been unable to find using other resources.
If you have specific questions about your science fair project or science fair, our team of volunteer scientists can help. Our Experts won't do the work for you, but they will
make suggestions, offer guidance, and help you troubleshoot. 

Ask an Expert (http://www.sciencebuddies.org/science-fair-projects/ask_an_expert_intro.shtml)  
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Science Fair Project Guide (http://www.sciencebuddies.org/science-fair-projects/project_guide_index.shtml)

https://www.sciencebuddies.org/science-engineering-careers/engineering/chemical-engineer
https://www.sciencebuddies.org/science-engineering-careers/engineering/materials-scientist-and-engineer
https://www.sciencebuddies.org/science-engineering-careers/earth-physical-sciences/chemist
https://www.sciencebuddies.org/science-engineering-careers/engineering/industrial-engineer
https://www.sciencebuddies.org/science-engineering-careers/engineering/chemical-engineer
https://www.sciencebuddies.org/science-engineering-careers/engineering/chemical-engineer
https://www.sciencebuddies.org/science-engineering-careers/engineering/materials-scientist-and-engineer
https://www.sciencebuddies.org/science-engineering-careers/engineering/materials-scientist-and-engineer
https://www.sciencebuddies.org/science-engineering-careers/earth-physical-sciences/chemist
https://www.sciencebuddies.org/science-engineering-careers/earth-physical-sciences/chemist
https://www.sciencebuddies.org/science-engineering-careers/engineering/industrial-engineer
https://www.sciencebuddies.org/science-engineering-careers/engineering/industrial-engineer
https://www.sciencebuddies.org/science-fair-projects/references/acids-bases-the-ph-scale
https://www.sciencebuddies.org/science-fair-projects/project-ideas/Chem_p012/chemistry/make-slime
https://www.sciencebuddies.org/science-fair-projects/ask_an_expert_intro.shtml
https://www.sciencebuddies.org/science-fair-projects/project_guide_index.shtml


2/19/2020 Turn Milk into Plastic! | Science Project

https://www.sciencebuddies.org/science-fair-projects/project-ideas/Chem_p101/chemistry/turn-milk-into-plastic#procedure 8/8

Other Ideas Like This (http://www.sciencebuddies.org/search?v=solt&pi=Chem_p101)

Chemistry Project Ideas (http://www.sciencebuddies.org/science-fair-projects/project-ideas/chemistry)

My Favorites (http://www.sciencebuddies.org/science-fair-projects/recommender_show_favorites.php)

News Feed on This Topic

 

Science in a Flash: Turn Milk into Plastic! (http://www.sciencebuddies.org/news/article?id=97836), Science Buddies Blog, January 9, 2013

A Cat Turned Milk Into Popular Plastic (http://www.sciencebuddies.org/news/article?id=319938), Scientific American, June 28, 2017

Chemistry gets cheesy (http://www.sciencebuddies.org/news/article?id=35334), Science News for Students, September 11, 2014

Note: A computerized matching algorithm suggests the above articles. It's not as smart as you are, and it may occasionally give humorous, ridiculous, or even annoying
results! Learn more about the News Feed (http://www.sciencebuddies.org/news/learn-more)

Looking for more science fun?

Try one of our science activities for quick, anytime science explorations. The perfect thing to liven up a rainy day, school vacation, or moment of boredom.

Find an Activity (http://www.sciencebuddies.org/stem-activities)

Explore Our Science Videos

4 Easy Robot Science Projects for Kids 10 Robotics Projects Kids Can Really Make! Toy Sailboat with Keel
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