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(Challenger image from:http://www.chron.com/cgi-
bin/imgscale/300x300/content/interactive/special/challenger/pictures/txmag/explosion) 

(Liberty ship picture from "The Science and Design of Engineering Materials," Shaffer et al., 2nd Edition, 
WCB McGraw-Hill)  

 Educational Objectives 

1. Introduce the concept of ductile and brittle behavior.  

2. Introduce the concept of ductile to brittle transition in metals and polymers. 

3. Determine the glass transition temperature for a polymer. 

Background Information 

Ductile and Brittle Failure of Materials  

When a stress is applied to any object, it deforms, i.e., changes shape and/or size. This 
deformation is called elastic if the object returns to its original shape after the applied stress has 
been removed. Deformation that is permanent is called plastic deformation. 

If the applied stress is increased, the amount of strain or deformation also increases. During 
elastic deformation of metals stress and strain are proportional to each other. 

All materials can undergo only a limited amount of elastic deformation, after which either plastic 
deformation sets in or the material fractures. 

Materials that fracture without any plastic deformation are called brittle materials. Examples 
include glass and most other ceramic materials. 

Ductile materials undergo plastic deformation before fracture. Examples include aluminum, 
copper, steel and many metals, as well as polyethylene, nylon and many other polymers. 

A number of factors determine whether a material is going to behave in a ductile or brittle 
manner. Among these factors are 

• The structure and composition of the material, i.e., what are the atoms that make up the 



material, how are they bonded to each other, are there impurities, etc.  

• The rate at which the material is deformed  

• The temperature at which the material is deformed 

Generally high rates of deformation and low temperatures promote brittle fracture. 

Brittle failure usually occurs very rapidly and can be catastrophic. Many materials which are 
ductile at high temperatures become brittle when cooled below a critical temperature. This 
temperature is called the ductile to brittle transition temperature (DBTT) for metals and the glass 
transition temperature (Tg) for polymers. 

Spectacular examples of catastrophic materials leading to disasters include the Titanic and the 
Challenger space shuttle. 

Below are quotes from MSN Encarta on-line regarding these disasters: 

" … the Titanic was operating in unusually cold waters for that time of year. 
When exposed to near-freezing temperatures, tests showed that the steel 
became extremely brittle.  … some experts had theorized that the ship broke up 
on its way to the bottom. …" 

"… the (Challenger) disaster was caused by the failure of an "O-ring" seal in the 
solid-fuel rocket on the shuttle's right side. The seal's faulty design and the 
unusually cold weather, which affected the seal's functioning, allowed hot gases 
to leak through the joint 

The figure at the top of this page shows a ship that belonged to a class called the Liberty ships. 
These ships sometimes broke in half just sitting in port because of the low temperature of the 
water. All of these tragedies have been linked to materials that became brittle at low 
temperatures. 

Glass Transition Temperature of a polymer  

Polymers consist of very long, chain-like molecules, or macro-molecules, which are intertwined 
like spaghetti in a bowl. Due to thermal energy, these molecules are in a constant state of motion, 
and can vibrate in response to an external force (such as hitting the floor). In the case of an 
elastomer (a rubbery polymer) the long chains rearrange themselves when a force is applied but 
then return to their original configuration when the force is removed. This allows a Superball 
to bounce back. If the Superball is cooled to a very low temperature, the molecules lose their 
ability to rearrange themselves and it will behave like a glass; the ball will shatter if hit hard 
against the floor. The temperature below which the polymer becomes brittle is called the glass 
transition temperature. Close to the glass transition temperature, depending on the polymer 
nature, the polymer is capable of dissipating (absorbing) a large amount of energy through 
molecular rearrangement. Most the kinetic energy of the ball when it hits the floor will be 
dissipated and the ball will not be able to bounce back. In this experiment you will determine the 
glass transition temperature for the material of the Superball by measuring the bounce as a 
function of temperature. 



  

Procedures 

Use extreme caution while doing this experiment.  You will be working with 
liquid nitrogen which is capable of causing severe injury through frost bite. 
Do not allow contact between liquid nitrogen and bare skin.  Always handle 
cold objects with tongs or gloves. 

1. Insert the thermocouple in one of the Superball and place the ball into the pool of liquid 
nitrogen. Monitor the temperature of the ball using the thermocouple readout. Allow the 
temperature of the ball to drop to 80° K.  

2. Remove the ball from liquid nitrogen and record the temperature of the ball every 15 seconds 
as it warms up to about 200° K. Make sure the thermocouple stays inserted by holding the 
ball with gloved fingers, as shown below 

 

  

3. Plot the temperature as a function of time to get the warming up curve for the ball. 

4. Immerse another Superball in to liquid nitrogen. Once it has stopped bubbling withdraw the 
ball using tongs. 



 

5. Pick the ball up with gloved hands and drop it from a height of 60 
inches (measuring stick is provided) on to the floor (a bare floor). 

6. Record the time you dropped the ball and the height to which it 
bounced back. 

7. Repeat every 15 seconds for until the ball has warmed up to about 
200° K. You will know how long this takes from step 2 above.  

8. Using the data obtained in step 2 estimate the temperature of the ball 
at each of the times you dropped the ball. 

9. Plot the recorded bounce heights against the ball temperature. 

10. The temperature at which the bounce back is minimal is the glass 
transition temperature for the material. 

 


