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2 Learning Objectives

1. The six different property classfications of materials that determine their applicability are:

(a)

(b)

(©

(d)

(e)

Mechanical properties:
T2 ERE
Relate deformation to an applied load or force; examples include elastic modulus (stiffness), strength, and

resistance to fracture.
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Electrical properties:
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The stimulus is an applied electric field; typical properties include electrical conductivity and dielectric
constant.
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Thermal properties:

IAERE

They are related to changes in temperature or temperature gradients across a material; examples of thermal
behaviour include thermal expansion and heat capacity.
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Magnetic properties:

st RE

The responses of a material to the application of a magnetic field; common magnetic properties include

magnetic susceptibility and magnetization.
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Optical properties:

p e =1

The stimulus is electromagnetic or light radiation; index of refraction and reflectivity are representative

optical properties.
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(f) Deteriorative characteristics:
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Relate to chemical reactivity of materials; for example, corrosion resistance of metals.
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2. The four components are:

‘ Processing Structure Properties Performance ’
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The structure of a material depends on how it is processed. Further, a material’s performance is a function of its

properties.
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3. The three criteria are:

(a) The in-service conditions must be characterized, for these dictate the properties required of the materials.
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(b) Any deterioration of material properties that may occur during services operation should be considered. N
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(c) Economics.
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4. (a) Solid materials have been conveniently grouped into these basic categories: metals, ceramics, and polymers.
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i. Metals:

E3
Metals are composed of one or more metallic elements(e.g. iron, aluminium, copper, titanium, gold,
nickel), and often also nonmetallic elements(e.g. carbon, nitrogen, oxygen) in relatively small amounts.
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Atoms in metals and their alloys are arranged in a very orderly manner and are relatively dense in
comparison to the ceramics and polymers.
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With regard to mechanical characteristics, these materials are relatively stiff and strong, yet are duc-
tile(i.e., capable of large amounts of deformation without fracture), and are resistant to fracture, which
accounts for their widespread use in structural applications.
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Metallic materials have large numbers of nonlocalized electrons-that is, these electrons are not bound
to particular atoms.
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Metals are extremely good conductors of electricity and heat, and are not transparent to visible light; a
polished metal surface has a lustrous appearance. Some of the metals(i.e., Fe, Co, and Ni) have desir-

able magnetic properties.



ii.

iii.
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Ceramics:
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Ceramics are compounds between metallic and nonmetallic elements; they are most frequently oxides,
nitrides, and carbides.
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For example, common ceramic materials include aluminum oxide (or alumina, Al,03), silicon dioxide
(or silica, Si0»), silicon carbide (SiC), silicon nitride (SizNy), and, in addition, what some refer to as the
traditional ceramics—those composed of clay minerals (e.g., porcelain), as well as cement and glass.
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With regard to mechanical behaviour, ceramic materials are relatively stiff and strong—stiffnesses and
strengths are comparable to those of the metals. In addition, they are typically very hard.
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Historically, ceramics have exhibited extreme brittleness (lack of ductility) and are highly susceptible to

fracture . However, newer ceramics are being engineered to have improved resistance to fracture; these
materials are used for cookware, cutlery, and even automobile engine parts. 77 5 &, FZEFRILH K
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Furthermore, ceramic materials are typically insulative to the passage of heat and electricity (i.e., have
low electrical conductivities) and are more resistant to high temperatures and harsh environments than
are metals and polymers. With regard to optical characteristics, ceramics may be transparent, translu-
cent, or opaque, and some of the oxide ceramics (e.g., Fe304) exhibit magnetic behaviour.
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Polymers: include: plastic, rubber
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Many of polymers are organic compounds that are chemically based on carbon, hydrogen, and other
nonmetallic elements (i.e., O, N, and Si).
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They have very large molecular structures, often chainlike in nature, that often have a backbone of car-
bon atoms.
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Some common and familiar polymers are polyethylene (PE), nylon, poly(vinyl chloride) (PVC), poly-
carbonate (PC), polystyrene (PS), and silicone rubber. These materials typically have low densities ,
whereas their mechanical characteristics are generally dissimilar to those of the metallic and ceramic
materials—they are not as stiff or strong as these other material types.
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(b)
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However, on the basis of their low densities, many times their stiffnesses and strengths on a per-mass

basis are comparable to those of the metals and ceramics.
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Many of the polymers are extremely ductile and pliable (i.e., plastic), which means they are easily

formed into complex shapes.
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In general, they are relatively inert chemically and unreactive in a large number of environments. Fur-

thermore, they have low electrical conductivities (Figure 1.8) and are nonmagnetic. One major draw-

back to the polymers is their tendency to soften and/or decompose at modest temperatures, which, in

some instances, limits their use.
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Semiconductor
F 5k
Semiconductors have electrical properties that are intermediate between those of electrical conductors (i.e.,

metals and metal alloys) and insulators (i.e., cemmics and polymers).
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Biomaterials
HEYIPTE
Biomaterials must be biocompatible—compatible with body tissues and fluids with which they are in contact

over acceptable time periods.
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Smart Materials

BHEMPRE

i. Shape-memory alloy
V2N

ii. piezoelectric ceramics

el

iii. magnetostrictive materials
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iv. electrorheological/magnetorheological fluids
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(e) Nanomaterials



The dimensions of these structural entities are on the order of a nanometer (10~°m)—as a rule, less than

100 nanometers.
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5. (a) The adjective smart implies that these materials are able to sense changes in their environment and then

respond to these changes in predetermined manners.
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(b) However, with the development of scanning probe microscopes, which permit observation of individual atoms
and molecules, it has become possible to design and build new structures from their atomic-level constituents,

one atom or molecule at a time (i.e., “materials by design”).
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3 Summary

1. Materials Science and Engineering

(a) Six different property classifications of materials determine their applicability: mechanical, electrical, ther-
mal, magnetic, optical, and deteriorative.
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(b) One important relationship in the science of materials is the dependence of a material’s properties on its
structural elements. By structure, we mean how the internal component(s) of the material is (are) arranged.
In terms of (and with increasing) dimensionality, structural elements include subatomic, atomic, nanoscopic,
microscopic, and macroscopic.
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(c) Withregard to the design, production, and utilization of materials, there are four elements to consider—processing,

structure, properties, and performance. The performance of a material depends on its properties, which in

turn are a function of its structure(s); structure(s) is (are) determined by how the material was processed.

The interrelationship among these four elements is sometimes called the central paradigm of materials sci-
ence and engineering.
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(d) Three important criteria in materials selection are in-service conditions to which the material will be sub-

Jected, any deterioration of material properties during operation, and economics or cost of the fabricated



piece.
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2. Classification of Materials

(a) On the basis of chemistry and atomic structure, materials are classified into three general categories: met-
als (metallic elements), ceramics (compounds between metallic and nonmetallic elements), and polymers
(compounds composed of carbon, hydrogen, and other nonmetallic elements). In addition, composites are
composed of at least two different material types.
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3. Advanced Materials

(a) Another materials category is the advanced materials that are used in high-tech applications, including
semiconductors (having electrical conductivities intermediate between those of conductors and insulators),
biomaterials (which must be compatible with body tissues), smart materials (those that sense and respond
to changes in their environments in predetermined manners), and nanomaterials (those that have structural
features on the order of a nanometer, some of which may be designed on the atomic/molecular level).
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