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Abstract

In our project, we learned that metals are actually crystals, 
and then we studied how heat can affect the properties of 
metals. We used 3 methods of heat treating: annealing, 
quenching, and tempering and saw how they affected 3 types 
of metals: copper, aluminum, and steel (paper clips). We 
found that quenching and tempering hardened steel, but 
softened aluminum and copper. We think this is because the 
metals are in different crystal arrangements. 



Question

   How does heat treating affect 
metals?



Purpose Statement

The purpose of this experiment was to learn about metals and crystals and the roll of 
heat.
We became interested in this project when we were learning about the rock cycle and 

crystals and we wondered about crystals.

The information gained through this experiment will help us understand the properties 

of metal, and how engineers decide what kind of metal to use in different applications. 

 

  



Background Research
                            Metal Crystals

How Fire and Ice can change the world
   Did you know that metals like steel are often actually crystals? A crystal is 
any material whose atoms are arranged in a regular pattern. Crystals usually 
form when really hot objects cool down. When people want to make metals 
that have very specific properties, like hardness, they often use a process 
called heat treating. Heat treatment is a process that uses controlled heating 
and cooling to modify the crystalline structure of metals and metal alloys. 
There are many different kinds of crystals, not just metal ones! Depending 
on what pattern the crystal has, it can have very different physical 
properties. Our project is in the Chemical and Material Sciences category, 
and we are going to explore how heat treating affects the properties of 
paperclips. 

      Almost any type of solid material, even DNA can form a crystal. The 
process of crystal forming is called crystallization. The process of crystal 
forming is called crystallization. In conclusion the crystals are very common 
in nature.  Learning about them helps us understand the world around us 
because most solids around us can crystallize.  

   

 



      When people want to make metals that have very specific properties, like hardness, they often use a 
process called heat treating. Heat treatment is a process that uses controlled heating and cooling to 
modify the crystalline structure of metals.There are three stages: heating, holding and cooling. Depending 
on how hot you heat the metal, how long it stays hot, and how long it takes to cool down affects how the 
metal acts when it’s cooled. An important term to know is Quenching. Quenching is rapidly cooling the 
metal down with water, oil, brine, or air. Usually quenching is associated with hardening the metal. The 
reason heat treatment changes the physical properties of metal is because it makes different kinds of 
crystal structures in the metal.
        

The study of metal crystals is really complicated, and people can spend their whole lives learning 
about them. However, two simple types of crystals that are commonly found in metals are Face-centered 
Cubic (fcc) crystals and Body Centered Cubic (bcc) Crystals. According to the University of Washington, 
Fcc Crystals tend to be more flexible and malleable than the Bcc crystals. In addition to the type of 
crystals, the size of the crystals in the metal affect its properties. When hot metals cool off, their atoms 
form crystals that grow. Crystals grow from many different starting points and grow until they hit another 
growing crystal. Each of these individual crystal patches'' is called a grain. The size of the grains affect 
how ductile or strong the metal is. By heat treating metals, you can change the size of the grains.While 
there’s a lot more to metal crystals than just this, for the purpose of our project, understanding that there 
are different types of crystals that come in different grain sizes is enough. 

In conclusion, we learned that many metals are crystals and crystals are just a regular pattern of 
atoms. We also learned that crystals form because something really hot cooled down. We also learned that 
heat treating is a way people can change metals to have specific properties like hardness. This 
information was important to learn about because metals are in everyday things that we use. In our 
project, we will be heat treating a paper clip in many different ways to show how its properties change. 
We hypothesize that the way to make the strongest metal is to quench the paper clip in really cold water 
so that the paper clip will get really hard. 

   

 



Hypothesis

We hypothesize that the way to make the strongest metal is to quench 
the paper clip in really cold water so that the paper clip will get really 
hard.     



Materials

1. Paper clips 
2. Torch 
3. Water and other quenching liquids
4. Different types of metals, like copper. 



Variables

 Independent variable: Heat treatment of metal 

 Dependent variables: Strength of metal 
             
 Controlled: Size of paperclips, Type of metal   



Procedure

1. Straighten out four paper clips
2.Take one paper clip and, staying at one place on the metal, bend it back and forth 
a few times.
3. Then get pliers and put it in the water.
4.  After it cools down bend it to see if the paper clip breaks or still bends.



Results/Data
Type of heat treating Steel (paper clip) Aluminum (wire) Copper

Control (no heat 
treatment)

It was way more 
harder than the rest 
of them

It was easy to bend This one was very 
hard to bend 

Annealing It was really soft and 
not hard to bend

A little piece broke off 
and it felt harder to 
bend than the control

This one was slightly 
softer then the first 
one 

Quenching It was pretty hard but 
not as hard and the 
control

It was softer than the 
control

It was not so hard 
then the first one 

Tempering It was also hard but 
quenching was a little 
harder than 
tempering

It was much softer 
than the control.

It was slightly softer 
as well. 

Data table: Observations of different heat treating techniques on different metals. 



Lab Notes
Aluminum melted when it got too hot. This happened 
very quickly and we had to be careful not to heat up the 
aluminum too much. The aluminum couldn’t get red hot

The copper and steel got red hot and didn’t melt. 

The copper had a layer burn off at first. We think that this 
could be a leftover bit of the plastic cover that the copper 
had. 

Aluminum became brittle and broke

Copper was thicker than the other, which may be why it 
was harder. 



Conclusion

In our experiment we heat treated a variety of metals using 
different heat treating techniques. We found that quenching 
and tempering made steel harder, while annealing made it 
softer, but the results were different for aluminum and copper. 
We think that this is because Steel has a different crystal 
structure than Aluminum and Copper. Our results support our 
hypothesis for steel, but not for the other metals. The 
quenched paperclip was the hardest of all the metals. Our 
procedure worked well, was repeatable, and showed the 
different effects of different heat treatments. We could improve 
this experiment by building a strength testing apparatus to 
quantitatively measure how hard/strong the metals are after 
heat treating. 
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