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ABSTRACT
          Mankind has been using and developing materials throughout our history and in many cases advances in our technology have only arisen because of improvements in materials. 
          Clever adaptation of material properties, crystal structures, phase changes and architecture at all dimensions have led to a wide variety of materials used as sensors and/or actuators designed to respond to the environment in a purposeful way. These materials are called "active or adaptive materials"; however, many are popularly referred to as "smart or intelligent" materials. 
          This paper highlights classification & applications of some of the smart materials. 
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INTRODUCTION
                          Mankind has been using and developing materials throughout our history and in many cases advances in our technology have only arisen because of improvements in materials. For many centuries we have used materials because of their mechanical or structural properties, for example we use metals such as steel because they are strong and tough, or polymers because they are lightweight. These traditional materials can be described as structural materials, but in recent years we have started to use and develop functional materials too.
                                                
DEFINITION
                    “A system or material which has built-in or intrinsic sensor(s), actuator(s) & control mechanism(s) whereby it is capable of sensing a stimulus, responding to it in a predetermined manner and extent, in a short/appropriate time, & reverting to its original state as soon as the stimulus is removed, is called smart system or materials.”
                  Smart materials have properties that react to changes in their environment. This means that one of their properties can be changed by an external condition, such as temperature, light, pressure or electricity. This change is reversible and can be repeated many times. There are a wide range of different smart materials. Each offer different properties that can be changed. Some materials are very good indeed and cover a huge range of the scales.

CLASSIFICATION       

A. Property changing
 Shape - changing smart materials
a. Shape memory alloys (SMA)
b. Electoractive polymers (EAP)
 Colour- and optically changing smart materials
a. photochromic smart materials (light )
b. thermochromic smart materials (temperature)
c. electrochromic smart materials
 Adhesion-changing materials
a. photoadhesive smart materials
 Magneto-strictive smart materials

        B. Energy changing
 Light-emitting smart materials
a. photoluminescent smart materials
b. electroluminescent smart materials
 Electricity-generating smart materials
a. Photoelectric smart materials
b. Thermoelectric smart materials
c. Piezoelectric smart materials 
 Energy-exchanging smart materials
a. heat-storing smart materials

    C. Matter exchanging
 Matter exchanging smart materials
a. gas/ water - storing smart materials
b. particle - storing smart materials 
         Out of these materials, paper deals with following materials:
· Shape memory alloys
· Photo chromic smart materials
· Thermo chromic smart materials
· Electro chromic smart materials
· Photo electric smart materials
· Thermo electric smart materials
· Piezo electric smart materials

Shape memory alloys
                              Shape Memory Alloys (SMAs) have been considered as one of the most promising smart materials. They can provide novel solution in several fields, for various applications (e.g. actuator, biomedical application, clamping systems, etc). 
                              Shape-memory alloys have different shape-memory effects. Two common effects are one-way and two-way shape memory:
a. When a shape-memory alloy is in its cold state, the metal can be bent or stretched and will hold those shapes until heated above the transition temperature. Upon heating, the shape changes to its original. When the metal cools again it will remain in the hot shape, until deformed again.
b. The two-way shape-memory effect is the effect that the material remembers two different shapes: one at low temperatures, and one at the high-temperature shape. A material that shows a shape-memory effect during both heating and cooling is called two-way shape memory
   [image: Two-way intrinsic shape memory]  [image: one-way shape memory]

Applications
a. Aircraft: Boeing, General Electric Aircraft Engines, Goodrich Corporation, NASA, and All Nippon Airways developed the Variable Geometry Chevron using shape-memory alloy that reduces aircraft's engine noise.
b. Piping: The first consumer commercial application was a shape-memory coupling for piping, e.g. oil line pipes for industrial applications, water pipes and similar types of piping for consumer/commercial applications.
c. Automotive: The first high volume product. The accounting of basically all benefits of SMA over solenoids (noise/EMC/weight/package (form factor)/power consumption) was the crucial factor to replace the standard technology by SMA. Where in other applications usually just 2 or 3 SMA benefits are considered and hinder from replacing the 'old' technologies.
d. Telecommunication: The second high volume application was an autofocus (AF) actuator for a smart phone. There are currently several companies working on an optical image stabilisation (OIS) module driven by SMA wires.
Photochromic (PC) Materials
 They change material state from transparence to color when they are exposed to light, and revert to transparency when the light is dimmed or blocked. The change of PC material is one of the oldest phenomena in switching and dates back to the 1880s. Generally PC materials are energy absorptive.
Photochromic materials have many uses in our day to day lives from street signs to reflectors on bicycles, the manufacturing methods within which the materials are used is also wide ranging from inks to castings. Changes from one colour to another colour are possible mixing Photo-chromic colors with base colors.
Applications
a. Sunglasses: One of the most famous reversible photochromic applications is color changing lenses for sunglasses, as found in eye-glasses. The largest limitation in using PC technology is that the materials cannot be made stable enough to withstand thousands of hours of outdoor exposure so long-term outdoor applications are not appropriate at this time.
b. Data storage: The possibility of using photochromic compounds for data storage was first suggested in 1956 by Yehuda Hirshberg. Since that time, there have been many investigations by various academic and commercial groups, particularly in the area of 3D optical data storage which promises discs that can hold a terabyte of data
c. Novelty items: Reversible photochromics are also found in applications such as toys, cosmetics, clothing and industrial applications. If necessary, they can be made to change between desired colors by combination with a permanent pigment.
Thermo- chromic materials
              Thermo chromism is the property of substances to change color due to a change in temperature. A mood ring is an excellent example of this phenomenon, but thermochromism also has more practical uses, e.g. in baby bottles (changes to a different color when cool enough to drink) or kettles (changes when water is at or near boiling point). Thermochromism is one of several types of chromism.
Applications 

a.  Smart Windows
           Electro-chromic windows darken when voltage is added and are transparent when voltage is taken away. Like suspended particle devices, electro-chromic windows can be adjusted to allow varying levels of visibility. Electro-chromic windows center around special materials that have electro-chromic properties.
          -Like other smart windows, electro chromic windows are made by sandwiching certain materials between two panes of glass.
           In this design, the chemical reaction at work is an oxidation reaction - a reaction in which molecules in a compound lose an electron. Ions in the sandwiched electro-chromic layer are what allow it to change from opaque to transparent. It's these ions that allow it to absorb light. A power source is wired to the two conducting oxide layers, and a voltage drives the ions from the ion storage layer, through the ion conducting layer and into the electro-chromic layer. This makes the glass opaque. By shutting off the voltage, the ions are driven out of the electro-chromic layers and into the ion storage layer. When the ions leave the electro-chromic layer, the window regains its
transparency
b. Rear-view mirror of car: One such application is the rear-view mirror for cars and other vehicles. Instead of being blindfolded by the head lights of the car behind you, the rear-view mirror will automatically dim the mirror to avoid the sharp reflections in your eyes.
           It will work with two photo detectors, one on the backside of the mirror that monitors the ambient light and one that measures the light that falls on the mirror. If the conditions are such that a blinding situation is at hand, the mirror automatically switches the mirror to the dark state and the reflection goes down dramatically.

Photo electric materials     

               First used in about 1890, "photovoltaic" has two parts: photo, derived from the Greek word for light, and: volt, relating to electricity pioneer Alessandro Volta. And this is what photovoltaic materials and devices do-they convert light energy into electrical energy.  [image: Photoelectric effect.svg] In the photoelectric effect, electrons are emitted from solids, liquids or gases when they absorb energy from light. Electrons emitted in this manner may be called photoelectrons.
             The photoelectric effect requires photons with energies from a few electronvolts to over 1 MeV in high atomic number elements. Study of the photoelectric effect led to important steps in understanding the quantum nature of light and electrons and influenced the formation of the concept of wave–particle duality
Applications
a. Photomultipliers: These are extremely light-sensitive vacuum tubes with a photocathode coated onto part (an end or side) of the inside of the envelope. The photocathode contains combinations of materials such as caesium, rubidium and antimony specially selected to provide a low work function, so when illuminated even by very low levels of light, the photocathode readily releases electrons. 
b. Image sensors: Video camera tubes in the early days of television used the photoelectric effect, for example, Philo Farnsworth's "Image dissector" used a screen charged by the photoelectric effect to transform an optical image into a scanned electronic signal.
c. Night vision devices: Photons hitting a thin film of alkali metal or semiconductor material such as gallium arsenide in an image intensifier tube cause the ejection of photoelectrons due to the photoelectric effect. These are accelerated by an electrostatic field where they strike a phosphor coated screen, converting the electrons back into photons. 
Thermo electric materials
         Thermoelectric materials show the thermoelectric effect in a strong or convenient form. The thermoelectric effect refers to phenomena by which either a temperature difference creates an electric potential or an electric potential creates a temperature difference. These phenomena are known more specifically as the Seebeck effect (converting temperature to current), Peltier effect (converting current to temperature), and Thomson effect (conductor heating/cooling).
Applications
a. Power generation: Approximately 90% of the world’s electricity is generated by heat energy, typically operating at 30–40% efficiency, losing roughly 15 terawatts of power in the form of heat to the environment. Thermoelectric devices could convert some of this waste heat into useful electricity.
         Cogeneration power plants use the heat produced during electricity generation for                  alternative purposes. Thermoelectrics may find applications in such systems or in solar thermal energy generation
b. Refrigeration: Thermoelectric materials can be used as refrigerators, called "thermoelectric coolers", or "Peltier coolers" after the Peltier effect that controls their operation. As a refrigeration technology, Peltier cooling is far less common than vapor-compression refrigeration. 
Piezoelectric materials
    Piezoelectric materials have the ability to produce a voltage when subjected to mechanical stress. The effect is reversible when these materials are subjected to an externally applied voltage, can change shape by a small amount, for example quartz, naturally occurring crystals,  bone, synthetic crystals, synthetic ceramics
               [image: http://upload.wikimedia.org/wikipedia/commons/thumb/c/c4/SchemaPiezo.gif/220px-SchemaPiezo.gif]
Applications
a. High-voltage sources
  Direct piezoelectricity of some substances like quartz, can generate thousands of volts (known as high-voltage differentials). 
1. A similar idea is being researched by DARPA in the USA in a project called Energy Harvesting, which includes an attempt to power battlefield equipment by piezoelectric generators embedded in soldiers' boots.
2.  A piezoelectric transformer is a type of AC voltage multiplier. Unlike a conventional transformer, which uses magnetic coupling between input and output, the piezoelectric transformer uses acoustic coupling. An input voltage is applied across a short length of a bar of piezo-ceramic material such as PZT, creating an alternating stress in the bar by the inverse piezoelectric effect and causing the whole bar to vibrate. The vibration frequency is chosen to be the resonant frequency of the block, typically in the 100 kilohertz to 1 megahertz range. A higher output voltage is then generated across another section of the bar by the piezoelectric effect. Step-up ratios of more than 1000:1 have been demonstrated. An extra feature of this transformer is that, by operating it above its resonant frequency, it can be made to appear as an inductive load, which is useful in circuits that require a controlled soft start.

    b. Reduction of vibrations
                  The TU Darmstadt in Germany researches ways to reduce and stop vibrations by attaching piezo elements. When the material is bent by a vibration in one direction, the system observes the bend and sends electric power to the piezo element to bend in the other direction.
Such an experiment was shown at the Material Vision Fair in Frankfurt in November 2005. Several panels were hit with a rubber mallet, and the panel with the piezo element immediately stopped swinging.

Acknowledgement
                It gives me great pleasure on bringing out the paper entitled “SMART MATERIALS FOR SMART FUTURE”. I express my deep sense of gratitude & sincere regards to my faculty members & friends for their timely guidance & friendly discussion. Finally I would like to thank conveners of ‘Transtech 2014’ for giving opportunity of highlighting a fraction of knowledge about the topic.

References:
1.Addington, M., & Schodek, D. (2005). Smart Materials and Technologies. Boston: Elsevier.
2. Hochbaum, Allon I.; Chen, Renkun; Delgado, Raul Diaz; Liang, Wenjie; Garnett, Erik C
3. Najarian, Mark; Majumdar, Arun; Yang, Peidong (2008). "Enhanced thermoelectric                            performance of rough silicon nanowires". Nature 451 (7175): 163–7. 
4. Wikipedia- the free encyclopedia.



image3.png
5

®500 8 ©
@%eee





image4.gif




image1.jpeg




image2.jpeg
d




