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Goal: Students will use background information to describe the lifecycle for the feedstocks for possible packaging materials.

Objectives: Students will...
· Understand the lifecycle of the possible feedstocks in various packaging materials.
· Make a puzzle illustrating one of the lifecycles.
· Present puzzles to the class. 

Materials (for a class of 32):
· Feedstock Information cards
· Colored pencils
· Tag board
· Scissors
· Puzzle templates
· 16 mystery boxes (anything opaque will work!)
· 4 containing plastic
· 4 containing paper
· 4 containing aluminum
· 4 containing glass

Time Required: 45–60 minute class period

Standards Met: 
· Science In Personal and Social Perspectives Standards:  Natural hazards
· Science In Personal and Social Perspectives Standards:  Risks and benefits

Green Chemistry Principles Addressed: 
· Use of Renewable Feedstocks

Procedure: 
IN CLASS
· Assign students to groups of two or three.
· Tell students that they will be determining the physical properties of matter of several mystery materials.
· Show them the “mystery boxes” and explain that the mystery materials are inside.  They may manipulate the box in any way, but they may not damage nor open the box.
· Have students get out a sheet of notebook paper and divide it into 4 parts.  Number 1-4 in the upper left-hand corner of each section.
· Explain to students that they will be making a list of any observations about the material in each mystery box.
· They will have 2 minutes to observe and record.
· Give the boxes to the students, and start the timer.
· Collect the boxes.
· Ask students to share some of their observations.
· On the board start generating a list of physical properties.
· Give students the definition of physical properties:
· Physical properties of matter can be observed without changing the identity of a substance
· Explain to students that they will be creating a puzzle that demonstrates the lifecycle of one of possible packaging materials.
· The puzzle design will be as follows:
· The lifecycle of the material must be creatively illustrated on the puzzle template. 
· This is to be a “mural” type picture depicting the flow of the product from start to finish. 
· The illustration should cover the entire puzzle template.
· Assign the groups one of the products (plastic, glass, paper, aluminum) and hand out the corresponding Feedstock Information Card.
· Give students access to art supplies.
· After students complete their puzzles, they should disassemble them and trade with another group. 
· Groups should then work on assembling each others’ puzzles. 
· From the re-assembled puzzles each group should list the major steps involved in the lifecycle of the project and determine if the product is renewable or non-renewable. 
· Students should also list any toxic elements or apparent dangers to the environment. 
· Review the 4th Principle of Green Chemistry:
· Use raw materials and feedstocks that are renewable rather than depleting. Renewable feedstocks are often made from agricultural products or are the wastes of other processes; depleting feedstocks are made from fossil fuels (petroleum, natural gas, or coal) or are mined.
· Review the terms: 
· Renewable - a resource, such as solar energy or firewood, that is inexhaustible or replaceable by new growth. 
· Nonrenewable - something that is not replaceable after it has been used.

Assessment:
· Completed puzzle
· [bookmark: _GoBack]List that shows understanding of the lifecycle for each feedstock

Puzzler - Aluminum Feedstock Information Card

Aluminum is the most abundant metal in the Earth’s crust. It is mined from the ore bauxite. Once the ore is extracted from the earth, the impure bauxite is crushed into a powder and dissolved in a solution of sodium hydroxide.  Aluminum oxide and Iron Oxide are dissolved into the solution. Other impurities don’t dissolve and are filtered out. The solution is then heated causing the aluminum oxide to crystallize into aluminum hydroxide and the crystals are filtered out from the remaining parts of the solution. By heating the aluminum hydroxide it is then turned into aluminum oxide. Electric current is then run through the aluminum oxide in a process called electrolysis, turning it into pure aluminum.  In this process the aluminum oxide is added to an iron tank and it is mixed with cryolite and fluorspar. Doing so reduces the melting point and helps it conduct electricity. As the electric current flows, it splits the aluminum oxide into aluminum metal and oxygen gas.  The final product is then shipped out to companies who turn them into the aluminum products we use. 


Puzzler - Plastic Feedstock Information Card

Plants protect themselves from adverse weather conditions by producing a layer of wax on their leaves and stems. Material from dead plants accumulates in large quantities and eventually becomes buried beneath the surface of the earth. After a long period of time (100 to 700 million years), the forces of heat and pressure slowly turn the decaying plant material into crude oil (petroleum). The protective wax produced by the plants is unaffected by the decomposition process since they are inert and water repellant. Therefore, the wax remains intact, suspended in the crude oil. The crude oil is then “harvested” by petroleum companies and refined into a colorless, unpleasant smelling volatile gas.  A catalyst is used to turn this gas into a powdered polymer. This polymer is then combined with other additives, melted, cooled and turned into pellets. These pellets are then shipped out to companies who use various molding techniques to turn them into the plastic products we use. 














Puzzler - Paper Feedstock Information Card

Harvested trees are transported to paper companies where they are put through a bath to rinse away any dirt and impurities. The trees are then turned into small wood chips and sorted according to size. These chips are then sent to the pulping station where the individual wood fibers must be separated and turned into a mushy water solution.  During the “wet end” process t this wood fiber “soup” is sprayed onto large, wide screens where the water is drained and collected for re-use. Pulp fibers collect on the wire and bond together where they are squeezed to remove even more water. 60 % of the water still remains after this process. Sometimes the pulp can be bleached to produce a white paper product. During the “dry end” process the paper pulp is passed through a succession of metal rollers which have been heated with steam. This heating and drying method fuses the fibers together, gradually turning the pulp into paper. The paper is then passed through cast iron rollers to smooth out the paper and create a uniform thickness. Sometimes the paper is coated with fine clay to make it glossy and easier to print on. The paper is rolled onto spools and sent out to companies who turn it into the paper products we use. 


Puzzler - Glass Feedstock Information Card

Sand (silica) can be melted down and turned into glass. The melting point of sand is 23000 C. In the commercial glass making process however, the silica is mixed with sodium carbonate in order to lower this melting point to about 15000 C.  Adding lime, generally from limestone, helps increase the durability of the final product. The silica, sodium carbonate and lime are then melted down into a syrupy liquid state. In this state, the mixture can be blown, drawn or pressed into the desired form and then cooled to harden. After the glass is formed it is then reheated and cooled again to restore it’ strength. In a process known as annealing the glass is heated and then gradually cooled. In a process called tempering the glass is reheated and then chilled with quick bursts of cold air. 
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