Teacher Preparation Notes on Plastic Identification Lab

Background:

With all the superior attributes of polymers, there are some difficulties with the material.  Most plastics deteriorate but do not decompose completely.  However, applications for recycled plastics are growing every day.  Plastics can be blended with virgin plastic (plastic that has never been processed) to reduce cost without sacrificing properties.  Recycled plastics are used to make polymeric timbers for use in picnic tables, decks, fences, and outdoor toys, saving natural lumber.  Plastic from 2-liter bottles is spun into fiber for carpet production.

The plastics industry uses polymer pellets to make plastic containers. 

In 1988, the Society of the Plastics Industry, Inc. (SPI) introduced the polymer identification coding system.  The codes are molded or imprinted on the bottom of most plastic containers.  For plastics to be recycled, they must be separated by type.  The polymer recycling codes enable us to distinguish between the common types of polymers.  However, visual sorting is not efficient enough to be practical on a large scale. 
One physical method of separating polymers is by density differences.  The plastics to be recycled are shredded and placed into a liquid such as water.  The plastics that are denser than water will sink, while those less dense than water will float.  The floaters and sinkers are recovered separately, and the process is repeated with other liquids having different densities.  This can be done on a small scale with readily available liquids.
Students in this lab will note and record which plastics float, and which sink on a solvent by solvent basis. 

	Plastic Identification Codes

	5, PP, density 0.90-0.91 g/mL

	4, LDPE, density 0.92-0.94 g/mL

	2, HDPE, density 0.95-0.97 g/mL

	6, PS, density 1.05-1.07 g/mL

	3, V, density 1.18-1.30 g/mL

	1, PETE, density 1.38-1.39 g/mL


Student Safety Issues: 

The ethanol is flammable.  Keep open flames and spark sources away from the solvents.  Know the location of the fire safety equipment; review use of that equipment before beginning work.  Wear goggles and apron.  Wash spills with water.  Avoid ingesting the chemicals.  Wash hands after the experiment. 
Disposal of Solvents: 

All of the liquids may be disposed of safely at the sink.  All of the solids may be discarded with ordinary solid trash or cleaned and kept for future lab activities.
Time: 

Teacher Preparation: 30 minutes 
Class Time: 50 minutes 

Materials: 
· 5 test tubes per lab group
· Test tube rack (one per lab group)
· Masking tape & markers for labeling test tubes
· Colored Plastic samples (see teacher preparation sheet for sources of plastic)
· 5 types of solvent (see teacher preparation sheet for solvent preparation)
· Toothpicks
· 5 plastic disposable transfer pipettes per lab group
Hints: 

1. Pull all equipment the day before lab and put it on a lab cart or in an area of the room where lab groups will have access to their supplies.
2. Be sure to mix solvents ahead of time and place them in marked capped bottles.  Note - Saturated MgCl2 takes several days to prepare saturated.
· The choice of solvents will depend upon the plastics actually used.  These solvents work well for the plastics used in this experiment. 

	Solvent
	Density g/mL

	Situated MgCl2
	1.34

	10% NaCl in water
	1.08

	water
	1.00

	1:1 ethanol: water
	0.94

	4:3 ethanol: water
	0.92


· Saturated MgCl2 -- place 20 g MgCl2•6H2O in a 100-mL beaker, add 50 mL H2O, and stir daily for one week. 

· 10% NaCl in water -- place 5 g NaCl in 45 mL of water. 

· 1:1 ethanol: water -- add 25 mL 95% ethanol to 25 mL of water. 

· 4:3 ethanol: water -- add 36 mL of 95% ethanol to 27 mL of water. 

· Unknowns -- find plastics whose identities are certain and that are colored uniquely.  Use these as unknowns.  When plastics are labeled with their recycling numbers, as more and more products are, identification is automatic. 

· Pieces of plastic should be cut to very small sizes, approximately squares 2 mm on an edge. 

· In preparing the plastic samples for this experiment, the following sources can be used: 

· 5, PP, density 0.90-0.91 g/mL, white plastic from a quart size yogurt container. 

· 4, LDPE, density 0.92-0.94 g/mL, yellow plastic from a squeezable mustard jar. 

· 2, HDPE, density 0.95-0.97 g/mL, blue plastic from a Miracle White® bottle. 

· 6, PS, density 1.05-1.07 g/mL, red plastic from a plastic party plate. 

· 3, PVC or VC, density 1.18-1.30 g/mL, gold plastic from an old credit card. 

· 1, PETE, density 1.38-1.39 g/mL, green plastic from the clear part of a Mountain Dew¨ soda bottle. 
	Other Possible Plastics
	Density
	Possible Source

	poly-4-methyl-1-pentene
	0.83
	clear plastic lab ware

	Nylon
	1.14-1.16
	plastic machine parts

	polymethymethacrylate
	1.18-1.20
	Plexiglas

	Teflon
	2.2
	plumbers joint tape


Data table: 

	Solvent
	Density g/mL
	float
	Sink

	saturated MgCl2
	1.34
	2,3,4,5,6
	1

	10% NaCl in water
	1.08
	2,4,5,6
	1,3

	water
	1.00
	2,4,5
	1,3,6

	1:1 ethanol: water
	0.94
	4,5
	1,2,3,6

	4:3 ethanol: water
	0.92
	5
	1,2,3,4,6


Answers:

Q1.  An unknown plastic floats on water but sinks under 10% NaCl.  Suggest the composition of this plastic. 

A1.  Polystyrene floats on water but sinks under 10% NaCl. 

Q2.  The same principles used here are used by gas station attendants to check antifreeze.  Explain what is done and the basis for the procedure. 

A2.  A small sample of fluid is drawn into a plastic tube containing colored plastic beads of known density.  By noting which colors float and which sink, the attendant is able to determine the approximate density of the fluid which suggests a concentration of ethylene glycol (or propylene glycol) for the antifreeze. The ethylene glycol concentration determines the temperature to which protection is afforded. 

References:
Plastic Recycling Codes -http://www.midmichiganspe.org/pdfs/documents/identification.pdf
Plastic Identification Tests - http://www.americanchemistry.com/s_plastics/hands_on_plastics/activities/plastics_analysis_lab_lesson/plastics_analysis_lab_ws.html
http://dwb4.unl.edu/chemistry/smallscale/SS069.html
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