
Materials and Metallurgy Materials Science and Metallurgical 
  Engineering Lesson Plan   

There are two activities to choose from. The first activity is the Copper Metal Experiment, this is 
great for grades 7th-12th. The second option is Turn Milk Into Plastic, great for 5th-9th grade- 
activity after the Copper Experiment.   
Objective   
Students will learn about raw materials and where they come from.   

Learning Outcomes 
Students will learn: 
• Where raw materials come from   
• How to extract pure Copper metal   
• Physical properties of Sodium 

Essential Questions 
• What are raw materials   
• How do they get the materials to make products like cell phones, paint, etc. 

Time Required   
• Introduction (15 minutes) 
• Activity 1 (30 minutes)   
• Activity 2 (30 minutes)   

Assessments 
• Students follow directions outlined in the procedures   

Materials   
• Steel nails   
• Copper sulfate   
• Litmus paper   
• Beakers   
• pH color code   
• Thermometer   
• Pure sodium metal 
• Scale 

Lesson Description 
Please see “Rocks and Materials Science” Presentation.  Review uses of rocks.  Explain   
that engineers extract compounds from raw materials to create materials for products   
like conductors for cell phones, paint for bridges, rubber for tires, semiconductors for cell 



phones.  
Companies like Kennecott Copper use Mining Engineers to efficiently and safely extract   
ore, Metallurgical Engineers to refine the copper, and Materials Scientists to create 
materials that will be used by industry. 
The “Copper Metal Experiment” outlines a process used by real engineers at Kennecott   
to extract pure copper.  The “Sodium Metal Experiment” is an investigation of chemical   
properties of sodium.  To purchase chemicals for these experiments, you may call the   
University of Utah Chemistry Stockroom at 801-581-6626.  

Power Point Presentation can be downloaded on another tab. 
9C - Rocks and Materials Science 

Copper Metal Experiment starts on the following page. 

https://www.price.utah.edu/wp-content/uploads/2018/10/9C-Rocks-and-Materials-Science.pdf


Copper Metal Experiment Activity 

Name:________________________________________ Date:___________________________ 

Description: 
In this experiment we will put pure sodium metal into water and observe how the reaction will 
change the water's pH and temperature. Write down all notes in your lab notebook. Groups will 
be 2 to 3 people. Measure the pH and temperature of the water before doing anything. 

Directions: 
Step 1. Fill up the beaker with water. 
Step 2. Put a piece of litmus paper in the water and record the color. 
Step 3. Compare the color of the litmus paper to the scale and record the pH. 
Step 4. Place a thermometer in the water and record the temperature. 

Conduct the experiment:   
Step 1: Your teacher will place a small chunk of sodium metal on your scale. 
(The piece of metal should be about half the size of a pencil eraser or   
slightly larger than the head of a pin). 
Step 2: Measure the weight of your sodium metal. 
Step 3: Using tongs, pick up the metal and place it in the beaker of water. 
NOTE: stand as far away from the beaker as possible and make sure your   
safety goggles are on. 

Measure the pH and temperature of the water after doing the experiment. 

Step 1. Place a thermometer in the water and record the temperature.   
Step 2. Place a piece of litmus paper in the water and record the color. 
Step 3. Compare the color of the litmus paper to the scale and record the pH   

Clean up:   
Clean up the area including the thermometer and throw away used litmus paper. 

Analysis:   
Did the water become warmer or cooler because of the reaction? Why?   

Did the water become more basic or more acidic because of the reaction? Why? 



Helpful Tips: 
Sodium is a very reactive metal which must be handled with care. Sodium will react 
with oxygen in the atmosphere to make sodium oxide (4Na(s) + O₂(g) → 2Na₂O(s)). 
Sodium will also react with water to make sodium hydroxide base and hydrogen gas 
(Na(s) + H₂O (l) → NaOH(aq) + H₂(g)) + heat. The reaction is exothermic enough to 
cause the flammable hydrogen gas to ignite explosively with oxygen in the atmosphere 
to make new water molecules (2H₂(g) + O₂(g) → 2H₂O(g)). For these reasons, sodium 
is usually kept unde r mineral oil to keep it from reacting with these common 
substances.  



Turn Milk Into Plastic   

Objective 
Students will learn about how to manipulate various materials to create something new such as 
milk and plastic are very different, yet with some engineering milk be turned into plastic.   

Learning Outcomes   
Students will learn: 

1. Plastics are a group of materials that can look and feel different but can be molded into 
different shapes. The difference comes down to molecules. Students will learn how those 
molecules can be changed.   

2. Polymer chains and how one type of molecule or chains of different  types of molecules 
linked together will create a new pattern.   

3. That milk contains many protein molecules called casein. When it is heated up and 
combined with acid (vinegar) the casein will unfold and reorganize into a long chain. 

4. Monomers: each casein molecule is a monomer and the chain of casein monomers is 
called a polymer.   

5. Polymers: hey can be scooped and molded which is why it is possible to make casein 
plastic.   

Essential Questions   
1. How does the amount of vinegar used affect the yield of casein plastic?   
2. Other than vinegar, are there other acids that might work or work better such as: lemon 

juice, orange juice, soda, tomato juice?   
3. Does the temperature of the milk affect the casein plastic?   
4. How does the temperature of the milk affect how much casein plastic you can produce?   

Time Required (Itemized) 
1. 30-45 minutes 
2. 1-2 day activity 

Key Concepts 
Chemical reaction, plastic, polymers, monomers 

Materials 
1. Milk (1 cup)   
2. White vinegar (4 teaspoons) 
3. Measuring cup   



4. Measuring spoons   
5. Optional: Thermos 
6. Mug or other heat-resistant cup (large enough to hold at least 1 cup of milk) 
7. Paper towels   
8. Spoon  
9. Optional: Cookie cutters, glitter, food coloring, markers   
10. Stovetop oven and pan or microwave and microwavable container   

Instructions 
1. Heat 1 cup of milk in a pan or stovetop until the milk is steaming. Alternatively, you can 

microwave the milk in a microwavable container by warming it at about 50 percent 
power for 5 minutes. It should be the same temperature for the milk as if you were 
making hot cocoa. 

2. If you can not do the rest of the activity in the same class period, store the hot milk in a 
thermos until it is needed.  

3. Add 4 teaspoons of white vinegar to a mug or other heat-resistant cup. 
4. Add 1 cup of hot milk to the mug. When you see the milk form white clumps (curds) that 

is the intent.   
5. Mix the mug slowly with a spoon for a few seconds.  
6. Stack four layers of paper towels on a hard surface that is safe to get a damp.  
7. Once the milk and vinegar mixture has cooled slightly, use a spoon the scoop out the 

curds. You can do this by titling the spoon against the inside of the mug to let excess 
liquid drain out while retaining the curds in the spoon. Collect as many curds as possible 
and put the curds on top of the paper towel stack. 

8. Fold the edges of the paper towel stack over the curds and press down on them to absorb 
excess liquid from the curds. Use extra paper towels if needed. The goal is to soak up as 
much extra liquid as possible.  

9. Knead the curds together in a ball of dough. This is the casein plastic. 
10. To make the casein plastic into something, you can color it, shape it or mold it at this 

point. Within an hour of making th plastic dough is the window you have to make shapes 
and sizes. Leave the plastic to dry on the paper towels for at least 48 hours.  

11. Once it has dried the casein plastic will be hard. Tip: To shape the plastic, the dough must 
be kneaded well. Molds and cookie cutters work well and with more patience the dough 
can be sculpted. Adding liquid such as food coloring, markers, glitter will add moisture to 
the plastic and drying it will take longer.   

Clean-Up   
To avoid clogging the sink, discard the curds in the trashcan. 




