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Smart Materials 

What exactly is a smart material? 

What is the name of a commonly found shape memory alloy and 
describe it in use? 

Explain what reactive glass is? And where might you find it? 

What is a photochromic paint? 

What on earth is a quantum tunnelling composite?
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New and Smart Materials
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What is a smart material? 

A material that reacts to an outside stimulus  

(then once it has been removed it returns 
to its original state) 

What do you think the stimuli might be? 

Usually.... 
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Shape memory alloys  
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There are three main types of shape memory alloys are: 
- copper-zinc-aluminium-nickel, 
- copper-aluminium-nickel, 
- nickel-titanium (NiTi) alloys

A shape memory alloy (SMA, smart metal, memory metal, memory alloy, 
muscle wire, smart alloy) is an alloy that "remembers" its original, cold-
forged shape: returning the pre-deformed shape by heating.
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Shape memory alloys  

Nitinol is programmed to maintain a particular length of shape at a set 
temperature. 

If the temperature is raised the nitinol will contract or 
bend and it will remain that state until the heat source is 
removed. 
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Video

Most common smart material is.......Nitinol (an alloy of.....) 

What are the disadvantages? 

Relatively expensive
More difficult to machine than traditional materials 
Not as strong as traditional materials (steel)   

Video
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Shape memory alloys  
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One way memory Two way memory 

A material that shows a shape memory 
effect during both heating and cooling is 
called two-way shape memory. 
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Shape memory alloys  
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Manufacture 

Shape memory alloys are typically made by casting, using vacuum arc melting or 
induction melting. These are specialist techniques used to keep impurities in the 
alloy to a minimum and ensure the metals are well mixed. The ingot is then hot 
rolled into longer sections and then drawn to turn it into wire.

The way in which the alloys are "trained" depends on the properties wanted. The 
"training" dictates the shape that the alloy will remember when it is heated. This 
occurs by heating the alloy so that the dislocations re-order into stable positions, 
but not so hot that the material recrystallizes. They are heated to between 400 °C 
and 500 °C for 30 minutes. Typical variables for some alloys are 500 °C and for 
more than 5 minutes.

They are then shaped while hot and are cooled rapidly by quenching in water or 
by cooling with air.
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Shape memory alloys  
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Applications

Aircraft industry – to reduce engine aircraft’s noise

Piping – oil, utility industries 

Medicine - On average, 50% of all peripheral 
vascular stents currently available on the 
worldwide market are manufactured with Nitinol. 

Robotics – Stiquito   

Optometry 

Orthodentistry - braces  

In medicine, a stent is 
an artificial 'tube' 
inserted into a natural 
passage/conduit in 
the body
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Reactive glass 
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It is unlike photochromic glass as it requires 
another input  - an external stimulus to make it 
turn from clear to dark. 

Application – electric arc welding 

How does it work?  

When light from the arc is sensed, the glass turns dark instantly.

The reaction of silver halide particles in the glass to UV light. 

Silver halide reacts to the light, with a power source, and darkens 

Unlike photochromic glass, it requires  electronics and batteries 

What other applications could it be used for? 
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Reactive glass 
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What other applications could it be used for? 
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Photochromic Paint 
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What’s that?  

Paint that contains pigments that change colour according to light conditions 

When sunlight (UV light) falls on them there is an immediate and dramatic 
change in the colour of the pigment.  

Colour changing paint is comprised of liquid crystals, Leuco dyes (molecule 
can acquire two forms), chemicals and/or other dyes that react when 
exposed to changes in temperature (thermochromic paint) or certain 
wavelengths of light (photochromic paint). 

Manufacturers mix leuco dyes with different chemicals that react and change 
colour with the application of heat or light. Surfaces painted with these 
formulas return to the original paint colours once they are cooled.
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Photochromic Paint 
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Advantages

Reversible or irreversible
Can be mixed with base paints 
Colour range – according to temperature range     

Disadvantages  

Expensive 
Naturally white so dark colours look a little milky
Toxic and hazardous chemicals  

Applications

Security markers, 
UV light warnings, 
Crafts, mugs, clothing, eyeglasses, nail polish and toys. 

Video
Video 2
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Quantum tunnelling composites 
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What is it? 

A near perfect electrical insulator in a 
relaxed state

However, when twisted, stretched or compressed it becomes a conductor 
And allows high currents to pass through it

The greater the stress applied the more it will conduct electricity 

Already used in a vast number of applications 

Where could it be used....

Have a look at this to help spark some ideas (torch) 

A novelty 
target game 
that repsonds 
to a ‘’bulls eye’
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Quantum tunnelling composites 
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What exactly is it? 

A metal filled polymer

Quantum tunnelling refers to how the metallic particles  allow 
electrons to pass between them 

Can be used to create touch sensitive fabrics
Particles of metal are combined in a fabric made from an elastic polymer. 
When the  material is squeezed the particles move closer together and the 
material becomes a conductor. Fabrics can be used as pressure sensors and 
switches that respond to touch. 

More reliable than mechanical switches 
Fabrics do not resist movement 
Can be cleaned in the usual way   
Keypads can be incoporated 
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Quantum tunnelling composites 
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What exactly is it? 

A metal filled polymer

Quantum tunnelling refers to how the metallic particles  allow 
electrons to pass between them 

• Can be used to create touch sensitive fabrics
Particles of metal are combined in a fabric made from an elastic polymer. 
When the  material is squeezed the particles move closer together and the 
material becomes a conductor. Fabrics can be used as pressure sensors and 
switches that respond to touch. 

Main advantages
More reliable than mechanical switches 
Fabrics do not resist movement 
Can be cleaned in the usual way   
Keypads can be incorporated 
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Quantum tunnelling composites 

A LEVEL
Theory

AS

DT

Where could it be used....
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Quantum tunnelling composites 
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Where could it be used....

Power switch tools      Robots      Textiles – smart clothes 
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To recap  
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Shape memory 
alloys Nitinol - Alloy of nickel and titanium  

Reactive Glass Like photochromic glass  but requires a stimulus 

Quantum 
Tunnelling 
Composites 

An insulator in its relaxed state, when twisted, 
stretched or compressed it conducts high currents  
(more stress – more current) 
Used in....

EL lighting Phosphor sandwiched between electrodes 
Current charges crystals which emit light radiation 

Smart Materials 
Physical properties of the material change in 
respond to an input.     A material that reacts to an 
outside stimulus (then returns to original state 
after removal – h/el/l...)

Photochromic paint Contains pigments that change colour according to 
light conditions 
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Thermochromic Pigments  
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