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Polymerization: From Milk to Plastic
Thanks to Christy Boettcher Tanya Rehaluk 
Introduction:
This discrepant event demonstrates the formation of an organic polymeric substance.

Curricular Objectives

Senior 3 Chemistry: 

C 30–5–22:  Describe the process of polymerization and identify important natural and synthetic polymers.
Previous Student Knowledge:

· The basis behind chemical reactions, where atoms are rearranged to form new combinations of molecules.

· Know the difference between an acid, a base and a neutral substance and how to determine the pH of a solution.
· Know the application of thermal energy in reactions.

· Understand the nature of a protein.

Materials

· 500ml 2% milk 

· 60ml vinegar

· 1 100 ml beaker 

· 2 1L beakers

· 1 spoon

· 1 strainer 

· Aluminum foil 

· Thermometer

· Hot plate or Bunsen burner and stand

· Matches if using a Bunsen burner

Procedure

1. Hold up a button and ask the students to identify it.

2. Ask the students what do they think the button is made out of.  (plastic)  Do they know what is the common base material of plastic? (petroleum)

3. Hold up the beaker of milk and ask if they think the button and milk are related.  They will be unable to answer or say no.  Then ask if they know what are the components of milk.  The teacher will get various answers such as water, calcium, fat and protein.  Doesn’t sound like petroleum is a part of it, does it?

4. Tell the students that we are going to try and make some plastic anyway.    

5. Turn on the Bunsen burner or hotplate.

6. Place beaker of milk over heat.  Stir constantly.

7. Place thermometer into the milk.  Heat milk until it reaches 37ºC.  

8. Remove from heat and immediately add vinegar, stirring constantly.  Here, the teacher should ask the students what they think will happen when the vinegar is added.

9. The solution will rapidly separate into curds suspended in a clear yellow liquid.

10. Strain the solution through the strainer into the empty 1L beaker.  Hold up the beaker for the students to see the clear liquid.

11. Scoop the curd onto a large piece of aluminum foil and press out into a thin layer.  Pass the aluminum foil around the class.

12. Tell the students that this can be dried overnight.  The experiment should have been done previously so that the teacher can now pass around dried pieces of the pressed curd.  Ask them to try and break it.  Pass around the button with the dried curd and ask them to see if they can observe any similarities between the button and dried curd.

13. Ask the students to remember what we said was in milk.  A big component of milk is protein, which is called casein.  When we added the acid, we caused the protein in the milk to coagulate and form a polymer, which is a big chain of protein or other substance of high molecular weight.  The addition of heat helped to speed up the reaction.  This process is called polymerization.  A plastic is a polymer, as it is a long chain of molecules with high molecular weight.  

14. Tell the students that what we have seen is the creation of casein plastic, which is a natural plastic.  We have come to associate plastic as synthetic, with petroleum-based products dominating the market.  However, this experiment shows the type of natural plastics used before the discovery of synthetic plastics.  Hold up the button to the students and tell them that this was just one of the many things that casein plastic was used for.

15. To give them a little something extra to think about, mention that cheese is made in a very similar way, using a different acid.  

Theory
Milk is a colloid, which is defined as a suspension of large molecules—such as proteins—in a solution such as water.  Essentially, milk is a suspension of protein globules in water.  
Polymerization is the process of forming a polymer by combining small molecules or monomers into long chains.  The resulting compound is of high molecular weight.  Polymerization can be used to make some useful materials in the manufacturing field. Plastics are well-known polymers.  Most plastics are synthetic and made from oil and natural gas, but some plastics are found in nature.  80% of 2% cow’s milk is made up of the polymer casein, a protein.  This protein can go through polymerization to create a natural plastic, as the casein molecules are associated together in long chains.  Proteins are generally unstable and are prone to unfolding, which changes the natural state of the protein.  This process is called denaturing.  The addition of acid, in this case vinegar, causes the casein protein to unfold and rearrange into the long chains of a polymer.  The process then causes the casein to precipitate out of the milk, leaving a clear watery substance behind.  The casein can then be formed into various shapes before drying.  In our experiment, thermal energy in the form of heat was applied to speed the process and cause a more complete separation.  
Casein was once used to manufacture buttons, as it was a hard, strong substance and did not dissolve in water.  However, due to the costs of the raw materials, as demand for product increased, a cheaper, petroleum-based plastic replaced the casein.  Old buttons lying around the house could be casein-based.  Casein plastic is still used in manufacturing today to aid glue in book binding as well as serving as a glaze for paper.
Conclusion

This is a unique discrepant event for an introduction to polymers and polymerization in a Senior 3 chemistry class.  The experiment is quite safe, with the only safety consideration being the use of a Bunsen burner or hot plate.  The teacher should take the opportunity to use proper safety precautions when using the Bunsen burner or hot plate, as students take cues from passive observation.  They are much more likely to be lax with safety procedures if the teacher disregards them.

The event will create disequilibrium for the students, as they have been taught to expect plastic to be a synthetic, petroleum-based product.  It will be difficult for them to associate the ingredients of milk and other natural plastics in the same category as a button or a computer.  They may even experience an odd sensation as they realize that they “ingest” plastic-producing products daily.  Since cheese is made in a very similar way, and if they have ever heard the rumor that Kraft Singles  or Cheez Whiz are one step away from being plastic, it’s somewhat true!  The demonstration is an excellent example of the process of polymerization and will help the students to identify synthetic and natural polymers. 
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