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UNIT ONE

Materials Science and Engineering

Reading and Comprehension

Introduction to Materials Science and Engineering

1.1 MATERIALS AND ENGINEERING

Materials are substances of which something is composed or made. Since civilization be-
gan, materials along with energy have been used by people to improve their standard of
living. Materials are everywhere about us since products are made of materials. Some of

the commonly encountered materials are wood (timber) , €0 ¢, brick, steel, plastic,
glass, rubber, aluminum, copper, and paper. There are many more kinds of materials;
and one only has to look around oneself to realize that. Because of constant research and
development, new materials are frequently being created.

The production and processing of materials into finished goods constitutes a large
part of our present economy. Engineers design most manufactured products and the pro-
cessing systems required for their production. Since products require materials, engineers
should be knowledgeable about the internal structure and properties of materials so that
they will be able to select the most suitable ones for each application and be able to de-
velop the best processing methods.

Research and development engineers work to create new materials or to modify the
properties of existing ones. Design engineers use existing, modified, or new materials to
design and create new products and systems. Sometimes the reverse is the case, and de-
sign engineers have a problem in their design which requires a new material to be created
by research scientists and engineers. For example, engineers designing a k

speed transport will have to develop new high-temperature advanced materials to be able
to withstand temperatures as high as 1800°C (3250°F) so that airspeeds as high as Magl
12 to 25 can be attained. Research is currently (1989) underway in developing |




2 MATERIALS SCIENCE AND ENGINEERING

metal matrix composites and other types of refractory composites for this application.
Titanium aluminides and other types of refractory intermetallic compounds are also un-
der investigation for hypersonic flight vehicles. Another cxample of a challenge for engi-
ncers is the permancntly manned space station. Onc proposal involves fabricating the
space station’s main structurc in spacc using in-orbit-produced I beafs and channels
madec of polyetherimide and polyetheretherketone compositc materials.

The scarch for ncw materials goes on continuously. For example, mechanical engi-
ncers scarch for higher-temperature materials so that jet engines can operate more effi-
ciently. Electrical engincers scarch for new materials so that clectronic devices can oper-
atc faster and at higher temperatures. Acrospace engineers search for materials with
higher strength-to-weight ratios for aircraft and space vehicles. Chemical enginecrs look
for more highly corrosion-resistant materials. These are only a few examples of the
search by cngincers for new and improved materials for applications. In many cascs what
was impossible yesterday is a reality today!

1.2 MATERIALS SCIENCE AND ENGINEERING

Materials science is primarily concerned with the search for basic knowledge about the
internal structure, properties, and processing of materials. Materials engineering is
mainly concerned with the use of fundamental and applied knowledge of materials so
that the materials can be converted into products necessary or desired by socicty. The
name materials science and engineering combines both materials science and materials
engincering. Materials science is at the basic knowledge end of the matcrials knowledge
spectrum and matcrials engineering is at the applied knowledge end, and there is no
demareation line between the two (Fig. 1.1).

Figure 1.2 shows a three-ringed diagram which indicates the relationship among the
basic sciences (and mathematics), materials science and engincering, and the other engi-
neering disciplines. The basic scicnces arc located within the first ring or core of the dia-
gram, while the various enginecring disciplines (mechanical, electrical, civil, chemical,
ctc.) are located in the outcrmost third ring. The applied sciences, metallurgy,
ceramics, and polymer science are located in the middle or second ring. Materials sci-
ence and cngineering is shown to form a bridge of materials knowledge from the basic

sciences (and mathematics) to the engineering disciplines.
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This diagram illustratcs how materials science and engineering form a bridge of knowledge

from the basic sciences to the engincering disciplines. ( Courtesy of the National Academy of

Science . )

1.3 TYPES OF MATERIALS

For convenicnce most engineering materials arc divided into three main classes:

metallic, polymeric (plastic) and eéramic materials. In addition to the three main classes
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of materials, we shall consider two more types, composite materials and electronic mate-
rials, because of their great engineering importance.

Metallic Materials

These materials are
ments and may also contain some nonmetallic elements. Examples of metallic elements are
i¢l, and titanium. Nonmetallic elements such as carbon, ni-

substances which are composed of one or more metallic ele-

iron, copper, aluminum, ni¢
trogen, and oxygen may also be contained in metallic materials. Metals have a crysta

structure in which the atoms are arranged in an orderly manner. Metals in general are good
thermal and electrical conductors. Many metals are relatively strong and d
temperature, and many maintain good strength even at high temperatures

errous metals and alloys that

Metals and alloys are commonly divided into two classes: fe
contain a large percentage of iron such as the steels and cast irons and nonferrous metals and -
alloys that do not contain iron or only a relatively small amount of iron. Examples of non-
ferrous metals are aluminum, copper, Zing, titanium, and nickel.

The commercial aircraft jet engine is made primarily of metal alloys. The metal al-
loys used inside the engine must be able to withstand the high temperatures and pressures
generated during its operation. Many years of research and development work by scien-
tists and engineers were required to perfect this advanced-performance engine. Figure 1.3
shows how materials and materials processes have been associated with more efficient

engine n performance over the past years. Metal-matrix and ceramic-

matrix maternals may lead to even further increased performance in the future.

20
metal-matrix composites
carbon-carbon \
15 ceramic-matrix composites
2 ™ single crystals
g resin composites
) 1oL directionally solidified superalloys
z;: vacuum titanium
g sup

1 ! ]

1950 1960 1970 1980 2000

year

Fig. 1.3 Materials and materials processes over the past years have been associated with the increase in
performance of gas-turbine engines. (After Adv. Mat. & Proc., 133(1):88(1988).)



