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CHAPTER ONE/ CLASSIFICATION OF MATERIALS 

Introduction  

The history of human civilization evolved according to the following ages: 

1) Stone age about two million years ago, tools from natural materials 

like stone, clay and wood. 

2) Bronze age about 5000 years ago, Bronze is an alloy of (copper + 

<25% of tin +other elements). 

3) Iron age about 3000 years ago and continues up today, iron age 

brought tools and utensils. 

4) The advanced materials age, brought structural materials e.g. 

composite materials those are both strong and lightweight and 

Semiconductors like Si and Ge. 

Sometimes it is useful to subdivide the discipline of materials science and 

engineering into materials science and materials engineering subdisciplines. 

Materials science; involves investigating the relationships that exist between the 

structures and properties of materials.  

Materials engineering is, on the basis of these structure–property correlations, 

designing or engineering the structure of a material to produce a predetermined set 

of properties. 
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From a functional perspective, the role of a materials scientist is to develop or 

synthesize new materials, whereas a materials engineer is called upon to create 

new products or systems using existing materials, and/or to develop techniques for 

processing materials. 

A property is a material aspect in terms of the kind and magnitude of 

response to a specific imposed stimulus. Generally, properties are made 

independent of material shape and size.  

In service use, all materials are exposed to external stimuli that excite some 

type of response. For example; 

 a specimen subjected to forces will experience deformation, or  

 a polished metal surface will reflect light.  

The properties of solid materials may be grouped into six different 

categories:  

1. Mechanical properties. 

2. Electrical properties. 

3. Thermal properties. 

4. Magnetic properties. 

5. Optical properties. 

6. Deteriorative properties. 

In addition to structure and properties, two other important components are 

involved in the science and engineering of materials—namely, processing and 

performance. With regard to the relationships of these four components, the 

structure of a material will depend on how it is processed. Furthermore, a 

material’s performance will be a function of its properties. Thus, the 

interrelationship between processing, structure, properties, and performance is as 

depicted in the schematic illustration shown in Figure 1.1. 

 
Figure 1.1 The four components of the discipline of materials science and 

engineering and their interrelationship. 

We now present an example of these processing-structure-properties-performance 

principles with Figure 1.2, a photograph showing three thin disk specimens of 

aluminum oxide that have been placed over a printed page in order to demonstrate 
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their differences in light-transmittance characteristics. It is obvious that the optical 

properties (i.e., the light transmittance) of each of the three materials are different; 

The disk on the left is transparent (i.e., virtually all light that is reflected from the 

page passes through it), whereas the one in the center is translucent (meaning that 

some of this reflected light is transmitted through the disk). The disk on the right is 

opaque—that is, none of the light passes through it. These differences in optical 

properties are a consequence of differences in structure of these materials, which 

have resulted from the way the materials were processed. 

Figure 1.2 Three thin disk specimens of 

aluminum oxide that have been placed over a 

printed page in order to demonstrate their 

differences in light-transmittance 

characteristics.  

CLASSIFICATION OF MATERIALS 

Solid materials have been conveniently grouped into four basic categories:  

1. Metals and alloys 

2. Ceramics  

3. Polymers 

4. Composites   

Metals and alloys 

Materials in this group are composed of one or more metallic elements (such 

as iron, aluminum, copper, titanium, gold, and nickel), and often also nonmetallic 

elements (for example, carbon, nitrogen, and oxygen) in relatively small amounts. 

Metals contain large numbers of nonlocalized electrons (free electrons); 

these are called sea of electrons or cloud of electrons which are responsible for 

good thermal and electrical conductivity. Many properties of metals are directly 

attributable to these electrons. For example, metals are extremely good conductors 

of electricity and heat, and are not transparent to visible light; a polished metal 

surface has a lustrous (shiny) appearance. In addition, some of the metals (i.e., Fe, 

Co, and Ni) have desirable magnetic properties. The main properties of metals are: 
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 Good thermal conductivity  

 Good electrical conductivity  

 Good resistance to thermal shock 

 Opaque (not transparent to visible light), and Shiny if polished  

 Good formability  

 Atoms in metals and their alloys are arranged in a very orderly 

manner (Crystalline material). 

 In comparison to the ceramics and polymers, are relatively dense. 

 Mechanical Property- relatively stiff and strong , ductile (i.e., capable 

of large amounts of deformation without fracture), and are resistant to 

fracture. 

An alloy is a combination of two metals or more metals. Alloys are defined 

by a metallic bonding character, An alloy may be a solid solution of metal 

elements (a single phase) or a mixture of metallic phases (two or more solutions). 

Intermetallic compounds, usually produced to have new materials with improved 

properties.  

An alloy can be either ferrous alloy (iron based alloy) or non- ferrous alloy 

(non-iron based alloy). 

 Alloys like Cu–Zn alloy (Brass) , Fe–C (Steel), Sn–Pb (Solder).  

 Iron – based alloys used for rail cars, automobiles, buildings, bridges. 

 Copper and copper alloys have high electrical conductivity. 

 Aluminum and aluminum – based alloys are used because they are 

easy to form, readily available, inexpensive, and recyclable.  

 Tin is used for food packing, storage tanks. 

 Nickel and Nickel alloys are used for a wide variety of applications, 

the majority of which involve corrosion resistance and/or heat 

resistance (Corrosion Resistant and/or Heat-Resistant Applications) . 

Some of these include: (Aircraft gas turbines, Steam turbine power 

plants, Medical applications, Nuclear power systems, Chemical and 

petrochemical industries. 

 

 


