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CHAPTER ONE/ CLASSIFICATION OF MATERIALS 

A refractory material or refractory is a heat-resistant material, e.g. a mineral 

that is resistant to decomposition by heat, pressure, or chemical attack, most 

commonly applied to a mineral that retains strength and form at high temperatures 

(> 1000°C). Refractory materials are used in furnaces, ovens, burners, and reactors. 

Refractory metals are a class of metals that are extremely resistant 

to heat and wear.  e.g. (Nb niobium, Mo molybdenum, Ta tantalum, W tungsten, 

and Rh rhenium). They all share some properties, including a melting point above 

2000 °C and high hardness at room temperature. They are chemically inert and 

have a relatively high density. Their high melting points make powder metallurgy 

the method of choice for fabricating components from these metals. Some of their 

applications include tools to work metals at high temperatures, wire filaments, 

casting molds, and chemical reaction vessels in corrosive environments.  

Ceramics 

Ceramics are compounds between metallic and nonmetallic elements; they 

are most frequently oxides, nitrides, and carbides. There is no free electrons in 

ceramics and the bonding is ionic and/or covalent, these bonds are extremely 

strong. Ceramics are inorganic crystalline materials.  
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 Traditional ceramics — clay minerals (i.e., porcelain), brick, tiles, 

and cement.  

 Advanced ceramics — (aluminum oxide or alumina, Al2O3 for spark 

plugs and for substrates for microelectronics), (Fe3O4 ferrite for 

magnetic memories used in computers), silicon dioxide (or silica, 

SiO2  for electrical insulation), (silicon carbide SiC as an abrasive) 

The main properties of ceramics are: 

 Relatively stiff and strong—stiffnesses and strengths are comparable 

to those of the metals, very hard, extremely brittle (lack 

ductility),.highly susceptible to fracture (i.e., Difficult to form).   

 Bad thermal and electrical conductivities. Insulative to the passage of 

heat and electricity low electrical conductivities and are more resistant 

to high temperatures (i.e., good resistant to high temperatures) 

 Optical characteristics - Ceramics may be transparent, translucent, or 

opaque. 

 Good corrosion resistance.  

Polymers 

Polymers are long chain molecules with repeating group those are usually 

bonded by covalent forces and also weak van der waals forces, those include the 

familiar plastic and rubber materials. Many of them are organic compounds that 

are chemically based on carbon, hydrogen, and other nonmetallic elements (i.e., O, 

N, and Si). Polymer is either: 

 Thermoplastics like polyethylene (PE), nylon, poly (vinyl chloride)(PVC), 

polycarbonate (PC), polystyrene (PS), and silicone rubber, or Thermosets 

like epoxy. 

 Polyethylene (PE) used in squeeze bottles and in food packaging. 

 Epoxy used as electrical insulator in integrated circuits.  

The main properties of Polymers are: 

 Low densities, not as stiff nor as strong as ceramics and metals. 

 Extremely ductile and pliable (i.e., plastic). 
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 Relatively inert chemically and unreactive in a large number of 

environments. 

 Easy to form into complex shapes.  

 Inexpensive. 

 Tendency to soften and/or decompose at modest temperatures, which, in 

some instances, limits their use. 

 Low electrical conductivities and are nonmagnetic. 

Composites 

A composite is composed of two (or more) individual materials, which come 

from the categories discussed above—viz., metals, ceramics, and polymers. 

Objective to achieve a combination of properties that is not displayed by any single 

material. Example is Concrete. Composites are classified according to their 

matrices into: 

 Polymer – matrix composites (PMC) (used for light weight structures; 

aircraft, sporting goods, wheelchair etc) 

 Cement – matrix composites (CMC)  

 Metal – matrix composites (MMC) 

 Carbon – matrix composites (CMC) (like the space shuttle) 

 Ceramic – matrix composites (CMC) 

Examples; 

Cemented carbides (WC with Co binder), Plastic molding compounds containing 

fillers, Rubber mixed with carbon black, Wood (a natural composite as 

distinguished from a synthesized composite) 

ADVANCED MATERIALS 

Semiconductors 

Semiconductors have electrical properties that are intermediate between the 

electrical conductors (viz. metals and metal alloys) and insulators (viz. ceramics 

and polymers). They are covalently bonded elements (Si, Ge) and other covalently 

bonded compounds including GaAs and CdTe.  
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Biomaterials 

Biomaterials are employed in components implanted into the human body 

for replacement of diseased or damaged body parts. Biomaterial applications 

include implants (hips, heart valves, skin, and teeth) and surgical and diagnostic 

devices. These materials must not produce toxic substances and must be 

compatible with body tissues (i.e., must not cause adverse biological reactions). 

(i.e.,  Biomaterials have bio-compatibly and corrosion resistance). 

All of the above materials—metals, ceramics, polymers, composites, and 

semiconductors—may be used as biomaterials. 

Smart Materials 

Smart (or intelligent) materials are a group of new and state-of-the-art 

materials now being developed that will have a significant influence on many of 

our technologies. Smart materials are materials where strain can generated by 

different mechanisms involving temperature, electric field or magnetic field, etc. 

 Piezoelectric ceramics (Lead Zirconate Titanate, PZT) used as 

actuators and sensors for ultrasonic applications. 

 Shape Memory Alloys (SMAs); are metals that show shape memory 

properties, include: Ni/Ti alloys such as Nitinol, Cu/Zn/Al alloys 

and Cu/Al/Ni alloys. 

 Ni/Ti (nickel/titanium) alloys (Nitinol) used in glasses. The frames 

are made from a titanium shape memory alloy called Titanflex. If 

they get bent, you can restore the original shape just by warming 

them up. 

  Nitinol wires are used as artificial muscles in some robotic devices, 

and as dental braces and implants that can remember their shape.  

Nanomaterials 

Nanoscale materials are defined as a set of substances where at least one 

dimension is less than approximately 100 nanometers. A nanometer is one 

millionth of a millimeter (or 10–9 m), approximately 100,000 times smaller than the 

diameter of a human hair.  Nanomaterial may be any one of the four basic types—

metals, ceramics, polymers, and composites. 
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Chapter One 

Review Questions 

A. Fill the blanks with correct answer 

1. Natural materials like …………………………………. 

2. Bronze is an alloy of …………………………………... 

3. Brass is an alloy of …………………………………... 

4. Materials science involves …………………………………... 

5. Materials engineering is …………………………………... 

6. A property of a material independent of …………………………….... 

7. A polished metal surface has a lustrous (shiny) appearance because of …….. 

8. An alloy is a ………………………………………………………………… 

9. A refractory material is ………………………………………………………. 

10. Tin is used for ……………………………………………………………… 

11.  CdTe is classified as ……………………….materials.  

12.  Silicon carbide SiC used as ……………….. 

13. SMAs mean …………………………………. 

14.  The properties of biomaterials ………………..and……………………. 

15. PZT mean ……………….……………….……………….………………. 

16. Nitinol is an alloy of ……………………………used in ……………….. 

17. Semiconductors are bonded by ………………….. 

18.  The bond in Cu is ………………………… 

 

B. What is the role of a materials scientist and materials engineer? 

C. What is a property of a material?  

D. There is differences in properties of materials as a consequence of 

differences in structure of these materials, discuss with example?  

E. Metals are good conductors of electricity and heat, why? 

F. Metals and their alloys are crystalline materials, why? 

G. What is refractory metals? What are their main properties and applications? 

H. List three materials used as Shape Memory Alloys (SMAs)? 


