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Recycling Plastics
	Lead Staff Member 
	Time Allotment 

	Juli Werth
	Four, forty (40) minute class periods


Overview

	The focus of this lesson is to introduce polymers and investigate the categorization and recycling process of plastics.  Information used in this instructional plan is taken from Hands On Plastics and the American Plastics Council (www.handsonplastics.com).


Instructional Clusters

	· Sense of Purpose
Learners will investigate polymers and the six resins of plastics and relate the knowledge to recycling and solid waste disposal.
	· Eliciting Ideas

Learners will categorize plastic samples from their homes to elicit their ideas on the recycling of plastics.
	· Engaging Learners 

Learners will create what they believe to be a polymer.  They will then collect, test, and identify plastics.

	
	
	

	· Developing and Using  

Scientific Ideas 

Learners are developing an understanding of polymers and plastics and using this information to learn more about the recycling of plastics.
	· Reflecting on Ideas   and Experiences 
Learners will utilize the experience to help them fully comprehend the plastic recycling process.  In addition they will view a power point presentation on two different recycling processes.
	· Assessing Progress  

Learners will complete a handout providing their observations and test results of their “unknown” plastic containers.  They will present their findings to the class.  Students will be assessed by their ability to follow the test flow chart.

	
	
	


	Objectives

· To use scientific inquiry to introduce the concept of polymers

· To learn the importance of polymer (plastic) categorization and its relationship to recycling

· To identify the six kinds of recycled plastic resins by measuring their physical and chemical properties


	Safety and Precaution

· Students should wear safety goggles at all times.

· Students should be careful to follow testing instructions word for word.

· Students should use caution around the open flame, being careful to always use tongs or forceps when performing the tests.

	
	Materials
· Overheads of the Introductory Quiz

· One box of paper clips (any size)

· 100 1 cm x 10 cm strips of paper

· 100 10 cm pieces of string (any type)

· 2 open packages of post-it notes (any size)

· Six samples of resin pellets, appropriately labeled

· 250 mL beakers, 4 per group

· 100 mL beaker

· alcohol burner

· forceps/tongs

· plastic spoons

· hot plate

· copper wires (20 gauge, 5 cm in length)

· 50 mL acetone

· 60 g isopropyl alcohol (70%)

· safety goggles

· 100 mL vegetable or corn oil

· small cups to hold resin samples



	
	

	· 
	


	Background 

The Basics Of Plastics - What is  a Polymer?

Plastics are made of polymers.  The simplest definition of a polymer is something made of many units that are connected in repeating patterns.  To visualize a polymer better, link several paper clips together.  Each clip is one unit, and the fact that more than one unit is hooked together makes the chain a polymer.

Characteristics of Polymers
1. Polymers can be very resistant to chemicals.  Consider all the cleaning fluids in homes that are packaged in plastic.

2. Polymers can be both heat and electric insulators.  A brief trip through a home will reinforce this concept.  Consider all the appliances, cords, electrical outlets, and general wiring that are made of or covered with plastic.

3. Polymers are light in mass with different degrees of strength.  Consider the range of applications of plastics - from a gumball machine toy to a football helmet to the frame of the space station.

4. Polymers can be processed in various ways to produce thin fibers or very intricate parts.  Plastics can be molded into bottles or into the body of a car.  They can be mixed with solvents to become glue or paint.  Plastics can also be foamed, like Styrofoam ®.

Coding Plastics
The Society of the Plastics Industry, Inc. (SPI) introduced a coding system for plastics in 1988.  Recyclers across the country were beginning to implement community wide programs in an effort to decrease the volume of waste.  The code was developed to provide a consistent, uniform system that could apply nationwide.  There are six codes for recycling plastics.
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         Polyethylene Terephthalate
PETE, the simplest polymer, is clear, tough, and has good gas and moisture barrier properties.  It is resistant to grease/oil and heat.  Most of this plastic ends up in soft drink bottles and blow-molded containers, like mouthwash bottles and peanut butter jars.  When recycled it is "transformed" into tote bags, dishwashing liquid containers, laser toner cartridges, picnic tables, hiking boots, lumber, mailbox posts, fencing, furniture, and sweatshirts.
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         High Density Polyethylene
HDPE is almost as simple as PETE, but is higher in density.  It is milky white in appearance and is used in blow-molded bottles for milk, water, and fruit juices.  HDPE is also used for plastic grocery store sacks.  It is extremely strong, low cost, resistant to chemicals, and is easy to process.  When recycled, it is made into recycling bins, benches, bird feeders, retractable pens, clipboards, fly swatters, doghouses, vitamin bottles, floor tile, and liquid laundry detergent bottles.     
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         Vinyl (polyvinyl chloride)
In addition to its good physical properties, excellent transparency, good chemical resistance, and long-term stability.  It is also has good weatherability and flow.  Because of its flexibility it can be divided into both flexible and rigid materials.  Rigid applications account for 60% of vinyl uses.  It is mainly used in clear food packaging and shampoo bottles.  When recycled, PVC is turned into air bubble cushioning, decking, film, paneling, recycling containers, roadway gutters, snowplow deflectors, and playground equipment.
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         Low Density Polyethylene
LDPE is predominantly used in film applications because it is extremely tough, flexible, and it is relatively transparent.  It is also easy to process and low in cost.  Because of its low melting point, it is used in applications where heat sealing is easily accomplished.  It is also used in bread bags, frozen food bags, and grocery bags.  When recycled it can be made into shipping envelopes, garbage can liners, floor tile, furniture, film, compost bins, paneling, trashcans, landscape timber, and mud flaps.
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         Polypropylene
PP is a very strong and tough polymer.  It is resistant to chemicals, heat, and grease/oil.  It is low in cost and is easy to process.  PP is commonly used in ketchup bottles, yogurt containers, margarine tubs, and medicine bottles.  When recycled it is made into signal lights, battery cables, brooms/brushes, ice scrapers, oil funnels, landscape borders, and bicycle racks.
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         Polystyrene
PS is a versatile plastic that can be rigid or foamed.  It is generally clear and is very inexpensive on a per pound basis.  It is a poor barrier to oxygen and water vapor, and PS has a low melting point.  It is used in videocassette cases, compact disc jackets, coffee cups, knives, spoons, forks, cafeteria trays, meat trays, and fast food sandwich containers.  When recycled it is made into thermometers, light switch plates, insulation, egg cartons, vents, desk trays, rulers, license plate frames, and concrete.



	

	Procedure

1. Set Induction

Give the class a six-question introductory quiz (see quiz overheads) to gain their interest and to get a feel for their prior knowledge of plastics.

2. Idea-Eliciting Task

The instructor is to hold up a #2 HDPE grocery sack and a #2 HDPE laundry detergent bottle.  He/she asks the class, “This plastic sack is flimsy and flexible, yet this bottle is not.  But they are made from the same type of plastic, #2.  Why do these differences exist?”  Students are to brainstorm answers to this question in groups of 3 or 4.

3. Discussion

Groups share their ideas with the whole class.  Other groups are encouraged to ask questions based on the group's rationale and clarity of explanation.

4. Background Information

A. What is a polymer?  Using any materials on the cart in front of the room, each group is to create a polymer.  Materials on the cart include:  paper clips, paper strips, pieces of string, and post-it notes.  Allow five minutes for this activity.  

B. What are characteristics of polymers?  Examining each group's created polymer, students are to explain similarities and differences between all of the class polymers.  Aside from visual examination, what other tests could be done to find out how the polymers are alike and not alike?  

C. Why are polymers categorized?  The various polymers are now grouped according to the explanations created in Part B.  Why was it helpful to separate them?  Why is that important?  

D. What are the different categories and what are their significances?  Students now summarize Parts C and D.  How is this related to the plastic recycling industry?

5. Plastic Tests - How to Identify the Six Different Plastics

A. Place the overhead transparency of "Plastic Resin Identification Codes" onto an 

      overhead projector.  Explain the meanings of the abbreviations using the        

      background information provided.

B. Each group is given a sample of each of the six different plastics.  Challenge the groups of students to put the containers in their appropriate groupings (1-6).  Sharing their ideas with others in their group and recording their thoughts is appropriate.  A student recorder should be assigned to each group.  The ideas can be recorded on the handout entitled “Classification of Plastic Containers“.

C. The representative from each group will share with the class their classifications of the containers and how the group arrived at their decisions.  Keep each group's categories of plastics in a separate place or in a bag marked for that group.  These will be used later.  A marker should be used to identify each container with the plastic number that they assigned.

6. Various Tests – Students need a copy of the flow chart for this activity.  They also need a copy of “Observations and Notes on Reactions”.  It is on this sheet that they will record their observations.

A. Water Test - Place one pellet of each of the resin pellets in a minimum of mL of tap water.  Poke the pieces with a glass stirring rod to knock off adhering water bubbles and try to make them sink.  Note whether the sample floats or sinks.  Do not pour the resin samples down the sink - they will not dissolve in water.  Take the pellets out of the water and save for later use.  Use the Density Table on the handout to find the density ranges for each type of plastic.  Proceed down the flow chart, doing the tests indicated, and record all observations on the handout.

B. Copper Wire Test – Melt the appropriate pellets in a metal spoon by holding the spoon over the flame of the alcohol burner.  Once the pellet has melted, insert the copper wire into the melted pellet so a “glob” of the pellet has adhered to the wire. Now hold the wire (using forceps) in the hot part of the flame coming from the alcohol burner.  Observe the color of the flame that comes from the glob.  There will either be a green or orange flame color.  A green flame may be observed, and is best seen by holding white paper behind the flame.  Also note that the flame will only be green along the bottom and around the edges;  the center of the flame will still remain orange.  Quench the sample in a beaker of water to stop the burning and cool the wire.  Proceed down the flow chart.

C. Acetone Test - Have 50 mL of pure acetone.    KEEP THIS TEST AREA AWAY FROM FLAMES.  Using tongs, place a pellet in acetone for 60 seconds.  Remove the pellet and press firmly between fingers.  The polymer chains may "loosen up" and feel soft and sticky.  Try to scrape off some plastic with a fingernail.  There may be no reaction to this scrape test.  On the other hand, the reaction may be so strong that the sample dissolves.  Discard the pellet in a container provided.  Proceed down the flow chart.

D. Heat Test - Have a minimum of 125 mL of water kept at a rolling boil on a hot plate.  Students will come to the instructor for this test.  Using tongs, hold one pellet in boiling water for 30 seconds.  PET (1) has a low softening point and will show some reaction to the boiling water (100° Celsius).  Press the used resin pellet in the special container for waste.  Proceed down the flow chart.

E. Isopropyl Alcohol Test - Put 60 g (or 65 mL) isopropyl rubbing alcohol (70%) in a 250 mL beaker.  Add enough water to make 100 g (or 100 mL) of solution.  Mix.  Take five resin pellets and place the pellets in the solution and poke the pellets with a stirring rod to release any bubbles.  Note whether the pellets float or sink.  Scoop the pellets out with a plastic spoon.  Proceed down the flow chart.

F. Oil Test - Put a minimum of 50 mL of corn or vegetable oil in a beaker.  Place five resin pellets in the oil and poke the pellets with a stirring rod to release any bubbles.  Note whether the pellets float or sink.  Identify the resin from the flow chart.  Scoop the pellets out with a plastic spoon and wipe them off with a paper towel.  Place the pellets back into the appropriate container.

7. Identification of Previously Categorized Containers - Assessment

Students will perform tests on their containers to see if they were correct in their groupings of the plastics.  Use the "Assessment of Plastic Container Classification" handout for this part of the procedure.  Students are to make changes to their groupings after their lab experience with the resins, BUT BEFORE THEY ACTUALLY TEST THE CONTAINERS.  

Assessment is based on students being able to follow the flow chart using their plastic containers, not whether or not they were correct in their initial categorizations.  Each container must be tested using a 1 cm by 1 cm piece of the container. 

Students then answer the “Conclusions” section on the assessment sheet.

8. Presentation of Plastic Recycling

The students will see a PowerPoint presentation over the process of plastic recycling in two different recyclers.  One recycler transforms only resin #2 into other products, while the second recycler transforms all six resins.  The learners will have an opportunity to compare and contrast the two processes through the slides.



	Extended Activities


1. Challenge students with conclusion questions (see “Conclusions” handout).  This activity gives learners the opportunity to identify resins by color and through real-life situations.

2. Have students draw a cartoon-type sketch telling the different steps needed in a factory to separate plastics for recycling.  Challenge the students to make this efficient, cost-effective, a good use of man/woman power, etc.  Students could also be encouraged to make a videotape of their “factory”.  

3. Local groups that recycle plastics could be invited to speak to the class or a field trip to a recycling company may be possible.

4. A videotape, “Not Your Average Field Trip”, from the Society of Plastics Engineers, is 19 minutes long and appropriate for middle level students.  It includes discussions of plastics and the engineering needed for football helmets, artificial limbs, auto design, and recycling.

	National Research Council Science Education Standards




Inquiry 

	Content Standard A  - Science as Inquiry (Abilities necessary to do scientific inquiry)


Content 

	Standard E - Science and Technology (Developing abilities of technological design; understanding about science and technology; problem solving; and developing a product)

Standard F - Science in Personal and Societal Perspectives (Develop an understanding of populations, resources, and environments; risks and benefits; science and technology in society)

Stnadard G - History and Nature of Science (Develop an understanding of the history and nature of science, along with the notion of science as a human endeavor)


	References

"Plastics Analysis Lab", Hands On Plastics, The American Plastics Council.  www.handsonplastics.com

	

	Resources

http://www.americanplasticscouncil.org/benefits/in_your_life/pmip/intro.html, “How Plastics Make It Possible”



	http://www.americanplasticscouncil.org/apcorg/classroom/Polymers/index.html, “Polymers – They’re Everywhere!”

http://www.americanplasticscouncil.org/apcorg/classroom/museum/index.html, “National Plastics Center and Museum”

http://polystyrene.org/facts.html, “Polystyrene – The Facts”

http://vinylinfo.org/materialvinyl/servingmoretour/1makingdifference.html, “Vinyl – Making a Difference Every Day”
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