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Science In Motion

Juniata College


Meddling with Metals, Part 2
· Standards:
· S11.C.1.1 Explain the relationship between the structure and properties of matter.

· Introduction and background: 
You’ve meddled with metals already. You’ve explored properties of metals, made an alloy, and chemically reacted metals. Now, we’re going to explore the physical properties of alloys.
Sometimes we need metals able to bend easily without breaking (like electrical cables), but in other cases the metal must be rigid (like a bridge truss). The substitution of a different metal or using a special alloy is often costly. Heat treatment of a common metal or metal alloy is often the most cost efficient method of producing a metal that has the properties required for a specific application.
· Guiding questions: 
Can a metal be made stronger or softer? Why might you want to do that?

· Vocabulary: 
Alloy: a metallic solid solution. Its properties are usually different than those of the compound metals.
Annealing: the process of heating a metal until it glows and then allowing it to cool slowly over time.
Dislocation: An imperfection in the crystal structure of a metal or other solid resulting from an absence of an atom or atoms in one or more layers of a crystal.
Quenching: the process of heating a metal until it glows and then cooling rapidly in cold water.
Tempering: the process of heating a metal until it glows, then cooling rapidly in cold water, then slowly reheating and allowing it to cool slowly over time.
Vacancy: A crystal defect caused by the absence of an atom, ion, or molecule in a crystal lattice.
· Materials (per group):  
Propane torch
12 bobby pins

Crucible tongs

Beaker of water

18 gauge brass wire cut into 8cm pieces, bent in half (12 pieces total)
· Safety: 

Caution! We will be working with an open flame. Tie all long hair back from the face and keep all loose clothing away from the flame. Only use tongs to handle the heated metals. Even if it looks cool, it may not be cool!
· Procedure: 
Atomic structure of metals

1. The bb's represent the atoms in a metal. If you move the Petri dish back and forth the atoms move. This simulates the movement of atoms in a metal when it is heated. First move the dish back and forth rapidly to represent heating. Then slow the motion down and gradually stop to simulate the formation of the crystal (such as cooling the metal over time in the air, a process called “annealing”). Once you stop, make a sketch in the table below showing how the bb's are arranged. You do not have to draw all the bb's – just sketch the general arrangement of the ‘atoms’.

2. Then make a sketch showing the arrangement of bb's around an empty space. When this happens in the metal it is called a vacancy. In a real crystal when atoms are out of line it is called a dislocation. Be sure to sketch any vacancies or dislocations you observe. 

3. Move the dish back and forth somewhat rapidly, again simulating the heating of the metal. Heating the metal increases the atoms more kinetic energy. This time, stop the movement rapidly. This is like plunging the metal into a beaker of cold water (called “quenching”). Make a sketch in your lab notebook showing the general arrangement of the atoms, noting any vacancies or dislocations you observe.

	Arrangement of atoms before heating
	Arrangement of atoms after heating and then slow cooling (annealing)
	Vacancies or dislocations
	Arrangement of atoms after heating and then rapid cooling (quenching)

	
	
	
	


Heating the metal

Control

1. Hold one ‘leg’ of the bobby pin in one hand. Use a pair of pliers in the other hand to grasp the bobby pin near the ‘u’ bend in the pin. 

2. Bend the bobby pin back and forth to determine the number of bends it takes to break it. Record this on the data table. Repeat two times. Calculate the average number of bends it took until it broke.

To anneal:

1. Light the torch by turning the knob slightly until you can hear the gas. Use a barbeque lighter to light the torch.

2. Use a pair of crucible tongs to hold the plastic ends of a bobby pin.

3. Place the ‘u’ bend of the pin into the blue part of the flame. 

4. Keep the bobby pin in the flame until it glows bright orange. Keep it glowing in the flame for thirty seconds. 

5. Gradually lift the bobby pin straight up out of the flame until it is about 15cm (one foot) out of the flame. Remove completely from heat. Allow the bobby pin to cool in the air until it is cool enough to touch (about 3 minutes). This process of strong heating and slow cooling is called annealing.
6. After it has cooled, use the pliers to help bend the bobby pin back and forth until it breaks. Record the number of bends that it takes to break the metal.
7. Repeat steps 1 – 7 twice more. Calculate the average number of bends it took until it broke.
To Quench
1. Light the torch by turning the knob slightly until you can hear the gas. Use a barbeque lighter to light the torch.

2. Use a pair of crucible tongs to hold the plastic ends of a bobby pin.

3. Place the ‘u’ bend of the pin into the blue part of the flame. 

4. Keep the bobby pin in the flame until it glows bright orange. 
5. Immediately plunge the bobby pin into your beaker of water. This process of strong heating and rapid cooling is called quenching.
6. After it has cooled (about 30 seconds), use the pliers to help bend the bobby pin back and forth until it breaks. Record the number of bends that it takes to break the metal.
7. Repeat steps 1 – 7 twice more. Calculate the average number of bends it took until it broke.

To Temper:
1. Light the torch by turning the knob slightly until you can hear the gas. Use a barbeque lighter to light the torch.

2. Use a pair of crucible tongs to hold the plastic ends of a bobby pin.

3. Place the ‘u’ bend of the pin into the blue part of the flame. 

4. Keep the bobby pin in the flame until it glows bright orange. Keep it glowing in the flame for thirty seconds. 

5. Immediately plunge the bobby pin into your beaker of water.

6. Place the ‘u’ bend of the pin back into the blue part of the flame. 

7. Keep the bobby pin in the flame until it glows dull orange. 
8. Gradually lift the bobby pin straight up out of the flame until it is about 15cm (one foot) out of the flame. Remove completely from heat. Allow the bobby pin to cool in the air until it is cool enough to touch (about 3 minutes). This process of strong heating, rapid cooling, strong heating and then slow cooling is called tempering.
9. After it has cooled, use the pliers to help bend the bobby pin back and forth until it breaks. Record the number of bends that it takes to break the metal.
10. Repeat steps 1 – 10 twice more. Calculate the average number of bends it took until it broke.

Repeat entire procedure with the 18 gauge brass wire and record results in appropriate data table.

· Data table/Calculations: 
Data Table 1: Number of Bends until Bobby Pin Breaks

	
	1st trial
	2nd trial
	3rd trial
	average

	Control
	
	
	
	

	Annealing
	
	
	
	

	Quenching
	
	
	
	

	Tempering
	
	
	
	


Data Table 2: Number of Bends until Brass Welding Rod Breaks

	
	1st trial
	2nd trial
	3rd trial
	average

	Control
	
	
	
	

	Annealing
	
	
	
	

	Quenching
	
	
	
	

	Tempering
	
	
	
	


· Questions: 
How does heating a metal change its properties?

· References
http://www.serendip.brynmawr.edu%2Fsci_edu%2Ffarber%2Fpdf%2Fmetal.pdf&rct=j&q=can%20the%20mettle%20of%20medal%20be%20improved%3F&ei=nWETTqOyC4Pc0QHjnc20Dg&usg=AFQjCNHd-j080Tgpzmgl6_4r5QXTJh6pGw&sig2=pPtDT3IO9xOGU8tFuJB-Zg&cad=rja. Accessed 07/05/2011
http://www.nsec.northwestern.edu%2FS.Zaucha_Curriculum%2520Project.pdf&rct=j&q=how%20does%20heating%20a%20metal%20change%20its%20properties&ei=qYAUTtH9Mcbc0QG2m7CvDg&usg=AFQjCNFNbGqnbOPtE4AB0Juy6YxNMqbm0A&sig2=6o1-S1GAdFWvOI4-7BJ_1A&cad=rja. Accessed 07/06/2011.
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