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1.1. MATERIALS AND ENGINEERING 

Material: constituent substance of components and structures. 

 Wood 

 Brick 

 Concrete 

 Steel 

 Glass 



Topic	  1.	  Introduc/on	  to	  Materials	  

Materials	  

 Aluminum 

 Paper 

 Plastic 

 Rubber 

 Copper 
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•   Its use has undergone an evolutionary process: 
-  Selection. 
-  Design (production and proccesing).  
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•   Search for new materials: 

THE ENGINEER MUST KNOW THEIR INTERNAL STRUCTURE AND PROPERTIES 

Mechanical engineers: 
high temperature resistance. 

Electrical engineers: 
higher operating speed. 

Aeronautical engineers: 
improve resistance - weight ratio. 

Chemical engineers: 
greater resistance to corrosion. 
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•   Materials Science: 

–   Basic knowledge about structure and properties. 

•   Materials Engineering: 

–   Practical or applied aspect of scientific knowledge. 

•   Materials technology: 

–   Art of producing, processing and shaping. 

Science 
Science and Engineering 

Engineering 

Basic 
Knowledge 

Resulting from the knowledge of 
the structure, properties, 
processed and behavior 

Applied 
knowledge 

1.2. SCIENCE AND ENGINEERING OF MATERIALS 
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•   Types of materials: 

Metals 

Ceramics and 
glasses 

Polymers 

Composites 

1.3. TYPES AND PROPERTIES 
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•   Properties of materials: 

Classes of properties 
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•   Example: design of a screwdriver with plastic handle: 

Stem 

Elasticity modulus. 

Elastic limit. 

Hardness. 

Fracture toughness. 

Steel 

Handle 
Manufacturing easiness. 

Density. 

Esthetic. 

Price. 

PMMA 
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•   The price and availability are important factors and, sometimes, determinants 
to select materials in specific cases of application. 

-  Price. 

€ / ton 

60 – 600 

600 – 6,000 

6,000 – 60,000 

60,000 – 12,000,000 

> 120,000,000  

Class of use Material Price per tonne 

1.4. PRICE AND AVAILABILITY 
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Subject to the law of supply and demand 
and political factors 

The exponentially rising consumption of materials. 

Material US$ / tonne 
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•   Search for new materials: 
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Crystalline (X ray Diffraction). Granular or micrographic (OM and SEM). 

1.5. RELATIONSHIP BETWEEN STRUCTURE, PROPERTIES AND PROCESSING 

•   The structure of a material can be considered at different levels. 

-  Atomic (electric, magnetic, thermal, optical). 

-  Microscopic. 

-  Macroscopic (naked eye). 
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Molten bar Shaped bar 
Gas 
bubbles 

Contraction 

Elongated grains 
towards the center 

Elongated 
inclusions 

Elongated grains 

Round appearance grains 

Processing 

Properties Structure 

•   Ternary relationship among internal structure of the material, processes and 
final properties: 

•   When the engineer changes one of the three aspects, any of the others will also 
be altered: 

Manufacturing processes: 
molding, welding, screwed, 

riveted, forged, drawn, 
extrusion, laminated, 

sintered, machining… 
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•   Force: 
-  Static, dynamic... 

•   Temperature: 
-  Resistance. 

•   Environment: 
-  Oxidation, corrosion... 

•   Ultraviolet radiation: 
-  Polymers. 

•   Neutron radiation: 
-  Vessel steels. Temperature 
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Ceramic 

Poly-
mer 

Ni alloy 

Aluminium 

Fiber reinforced 
aluminium composite 

1.6. ENVIRONMENTAL EFFECTS ON THE BEHAVIOR 
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Wood 

Steel 
Cement 

Polymers 
Aluminium 

Copper 

Others Plastics 10-20% 

Aluminium 5-10% 
Iron 50-60% 
15-20% HSLA 

Steel            Plastic               Iron               Aluminium 

Year model 
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1.7. FUTURE TRENDS IN THE USE OF MATERIALS 



Topic	  1.	  Introduc/on	  to	  Materials	  

Materials	  

EFFICIENT DESIGN           REPLACEMENT  RECYCLING 

Abundance of elements / weight percent 

Crust Oceans 

The total mass of the crust to a depth of 1 km is 3x1021 kg. 
the mass of the ocean is 1020 kg. 
the mass of the atmosphere is 5 x1018 kg. 

•   In the future we will have to face the shortage of engineering materials. 

Atmosphere 


