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Virtually all-important properties of solid materials may be grouped into six different categories:
mechanical, electrical, thermal, magnetic, optical, and deteriorative.
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Mechanical properties relate deformation to an applied load or force; examples include elastic modulus
(stiffness), strength, and toughness.
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For electrical properties, such as electrical conductivity.
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The thermal behavior of solids can be represented in terms of heat capacity and thermal conductivity.
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Magnetic properties demonstrate the response of a material to the application of a magnetic field.
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For optical properties, index of refractio“n and reflectivity are representative optical properties.
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deteriorative characteristics relate to the chemical reactivity of materials.
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Processing | —— | Structure — | Properties | —— | Performance

Figure 1.1 The four components of the discipline of materials science and
engineering and their interrelationship.

- Processing controls the structure of a material.
- The structure of a material depends on how it is processed.

- property is a material trait in terms of the kind and magnitude of response
to a specific imposed stimulus.

- A material’s performance is a function of its properties.

The performance of a material depends on its properties, which in turn are a function of its structure;
furthermore, structure is determined by how the material was processed.
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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.

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.
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Specimen preparation, P. A. Lessing



WHY STUDY MATERIALS SCIENCE AND ENGINEERING?

- Manytimes, a materials problem is one of selecting the right material from the thousands available.
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Criteria for choosing the right material.

- In-service conditions.
- Deterioration.
- Economics.



Metals

3bq‘g‘- - Metals are composed of one or more metallic elements (e.g., iron, aluminum, copper, titanium,
G ¢ gold, nickel).
Ten 1
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—"/ Ceramics

- Ceramics are compounds between metallic and nonmetallic elements; they are most
frequently oxides, nitrides, and carbides.

Polymers
Polymers include the familiar plastic and rubber materials.

Composites JS\ _‘)\ LMJ.J\A Ca JZQD

—=> A composite is composed of two (or more) individual materials.

- some naturally occurring materials are composites—for examBle, o@
- Another technologically important material is thelcarbon fiber-reinforced polymer [CFRP)

composite—carbon fibers that are embedded within a polymer.




Semiconductors
4 - Semiconductors have electrical properties that are intermediate between those of electrical conductors
0("/4,4 (i.e., metals and metal alloys) and insulators (i.e., ceramics and polymers).
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o 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.

g - Components of a smart material (or system) include some type of sensor (which detects an input signal).

Nanomaterial
\They are not distinguished on the basis of their chemistry but rather their size.



Figure 1.4 40

Bar chart of room-
temperature density 20
values for various
metals, ceramics,
polymers, and
composite materials.
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Figure 1.5

Bar chart of room-
temperature stiffness
(i.e., elastic modulus)
values for various
metals, ceramics,
polymers, and
composite materials.
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Figure 1.6

Bar chart of room-
temperature strength
(1.e., tensile strength)
values for various
metals, ceramics,
polymers, and
composite materials.
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Figure 1.7

Bar chart of
room-temperature
resistance to fracture
(1.e., fracture tough-
ness) for various
metals, ceramics,
polymers, and
composite materials.
(Reprinted from
Engineering Materials
1: An Introduction to
Properties, Applications
and Design, third
edition, M. F. Ashby and
D. R. H. Jones, pages
177 and 178, Copyright
2005, with permission
from Elsevier.)
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Figure 1.8

Bar chart of room-
temperature
electrical
conductivity ranges
for metals, ceramics,
polymers, and
semiconducting
materials.
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