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Materials Science and Engineering

Historical Perspective

Materials are probably more deep-seated in our culture than most of us realize. Trans-
portation, housing, clothing , communication, recreation, and food production—virtually every
segment of our everyday lives is influenced to one degree or another by materials. ® Histori-
cally,the development and advancement of societies have been intimately tied to the mem-
bers’ ability to produce and manipulate materials to fill their needs. ® In fact, early civiliza-
tions have been designated by the level of their materials development(i. e. Stone Age,Bronze
Age).

The earliest humans had access to only a very limited number of materials, those that oc-
cur naturally. stone,wood,clay,skins,and so on. ® With time they discovered techniques for
producing materials that had properties superior to those of the natural ones; these new ma-
terials included pottery and various metals. ® Furthermore,it was discovered that the proper-
ties of a material could be altered by heat treatments and by the addition of other substances.
At this point,materials utilization was totally a selection process,that is,deciding from a giv-
en,rather limited set of materials, the one that was best suited for an application by virtue of
its characteristics. ® It was not until relatively recent times that scientists came to understand
the relationships between the structural elements of materials and their properties.® This
knowledge acquired in the past 60 years or so,has empowered them to fashion,to a large de-
gree, the characteristics of materials. ® Thus,tens of thousands of different materials have e-
volved with rather specialized characteristics that meet the needs of our modern and complex
society; these include metals, plastics,glasses,and fibers.

The development of many technologies that make our existence so comfortablehas been
intimately associated with the accessibility of suitable materials. An advancement in the un-
derstanding of a material type is often the forerunner to the stepwise progression of a tech-
nology. ® For example.automobiles would not have been possible without the availability of
inexpensive steel or some other comparable substitute. In our contemporary era,sophisticated
electronic devices rely on components that are made from what are called semiconducting ma-
terials.

Materials Science and Engineering

The discipline of materials science involves investigating the relationships that exist be-
tween the structures and properties of materials. ® In contrast, materials engineering is,on

the basis of these structure— property correlations, designing or engineering the structure of
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a material to produce a predetermined set of properties. Throughout this text we draw atten-
tion to the relationships between material properties and structural elements,

“Structure”is at this point a nebulous term that deserves some explanation. In brief, the
structure of a material usually relates to the arrangement of its internal components. Subat-
omic structure involves electrons within the individual atoms and interactions with their nu-
clei. On an atomic level, structure encompasses the organization of atoms or molecules rela-
tive to one another. The next larger structural realm, which contains large groups of atoms
that are normally agglomerated together,is termed“microscopic,”meaning that which is sub-
ject to direct observation using some type of microscope. ® Finally, structural elements that
may be viewed with the naked eye are termed“macroscopic. ”

The notion of“property” deserves elaboration. While in service use, all materials are ex-
posed to external stimuli that evoke some type of response. For example,a specimen subjec-
ted to forces will experience deformation; or a polished metal surface will reflect light. Prop-
erty is a material trait in terms of the kind and magnitude of response to a specific imposed
stimulus. ® Generally, definitions of properties are made independent of material shape and
size.

Virtually all important properties of solid materials may be grouped into sixdifferent cat-
egories: mechanical,electrical,thermal,magnetic,optical,and deteriorative. For each there is
a characteristic type of stimulus capable of provoking different responses. Mechanical proper-
ties relate deformation to an applied load or force; examples include elastic modulus and
strength. For electrical properties, such as electrical conductivity and dielectric constant, the
stimulus is an electric field. The thermal behavior of solids can be represented in terms of
heat capacity and thermal conductivity. Magnetic properties demonstrate the response of a
material to the application of a magnetic field. For optical properties, the stimulus is electro-
magnetic or light radiation; index of refraction and reflectivity are representative optical
properties. Finally, deteriorative characteristics indicate the chemical reactivity of materials.

In addition to structure and properties, two other important components areinvolved in
the science and engineering of materials, viz. “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 materiel’ s performance will be a function of its properties.
Thus, the interrelationship between processing, structure, properties,and performance is line-
ar. Throughout this text we draw attention to the relationships among these four components
in terms of the design, production,and utilization of materials.

Why Study Materials Science and Engineering?

Why do we study materials? Many an applied scientist or engineer, whether mechanical,
civil, chemical, or electrical, will at one time or another be exposed to a design problem invol-
ving materials. Examples might include a transmission gear, the superstructure for a build-
ing ,an oil refinery component,or an integrated circuit chip. Of course, materials scientists and
engineers are specialists who are totally involved in the investigation and design of materials.

Many times,a materials problem is one of selecting the right material from the many
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thousands that are available. There are several criteria on which the finaldecision is normally
based. First of all,the in—service conditions must be characterized, for these will dictate the
properties required of the material. On only rare occasions does a material possess the maxi-
mum or ideal combination of properties. ® Thus,it may be necessary to trade off one charac-
teristic for another. ® The classic example involves strength and ductility; normally,a materi-
al having a high strength will have only a limited ductility. In such cases a reasonable com-
promise between two or more properties may be necessary.

A second selection consideration is any deterioration of material properties that may oc-
cur during service operation. For example, significant reductions inmechanical strength may
result from exposure to elevated temperatures or corrosive environments.

Finally, probably the overriding consideration is that of economics: What will the fin-
ished product cost? A material may be found that has the ideal set of properties but is pro-
hibitively expensive. Here again,some compromise is inevitable. The cost of a finished piece
also includes any expense incurred during fabrication to produce the desired shape. ®

The more familiar an engineer or scientist is with the various characteristics and struc-
ture— property relationships, as well as processing techniques of materials, the more profi-
cient and confident he or she will be to make judicious materials choices based on these crite-
ria.

Classification of Materials

Solid materials have been conveniently grouped into three basic classifications: metals,
ceramics,and polymers. This scheme is based primarily on chemical makeup and atomic struc-
ture,and most materials fall into one distinct grouping or another, although there are some
intermediates. In addition,there are three other groups of important engineering materials—
composites, semiconductors,and biomaterials. Composites consist of combinations of two or
more different materials, whereas semiconductors are utilized because of their unusual electri-
cal characteristics; biomaterials are implanted into the human body. A brief explanation of
the material types and representative characteristics is offered next.

METALS

Metallic materials are normally combinations of metallic elements. They have largenum-
bers of non—localized electrons; that is, these electrons are not bound to particular atoms.
Many properties of metals are directly attributable to these electrons. Metals are extremely
good conductors of electricity and heat and are not transparent to visible light; a polished
metal surface has a lustrous appearance. Furthermore, metals are quite strong, yet deform-
able,which accounts for their extensive use in structural applications. ®
CERAMICS

Ceramics are compounds between metallic and nonmetallic elements; they are mostfre-
quently oxides, nitrides,and carbides. The wide range of materials that falls within this classi-
fication includes ceramics that are composed of clay minerals,cement,and glass. These mate-
rials are typically insulative to the passage of electricity and heat,and are more resistant to

high temperatures and harsh environments than metals and polymers. With regard to me-
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chanical behavior,ceramics are hard but very brittle.
POLYMERS

Polymers include the familiar plastic and rubber materials. Many of them are organic-
compounds that are chemically based on carbon, hydrogen, and other nonmetallic elements;
furthermore,they have very large molecular structures. These materials typically have low
densities and may be extremely flexible.
COMPOSITES

A number of composite materials have been engineered that consist of more thanone ma-
terial type. Fiberglass is a familiar example,in which glass fibers are embedded within a poly-
meric material. A composite is designed to display a combination of the best characteristics of
each of the component materials. Fiberglass acquires strength from the glass and flexibility
from the polymer. Many of the recent material developments have involved composite materi-
als.
SEMICONDUCTORS

Semiconductors have electrical properties that are intermediate between the electrical
conductors and insulators. Furthermore, the electrical characteristics of these materials are
extremely sensitive to the presence of minute concentrations of impurity atoms, which con-
centrations may be controlled over very small spatial regions. The semiconductors have made
possible the advent of integrated circuitry that has totally revolutionized the electronics and
computer industries(not to mention our lives)over the past two decades. ®
BIOMATERIALS

Biomaterials are employed in components implanted into the human body for replace-
ment of diseased or damaged body parts. These materials must not produce toxic substances
and must be compatible with body tissues(i. e. must not cause adverse biological reactions).
All of the above materials— metals, ceramics, polymers, composites, and semiconductors —
may be used as biomaterials.

Advanced Materials

Materials that are utilized in high — technology (or high — tech) applications are some-
times termed advanced materials. By high technology we mean a device or product that oper-
ates or functions using relatively intricate and sophisticated principles; examples include elec-
tronic equipment (VCRs, CD players, etc. ) , computers, fiber optic systems, spacecraft, air-
craft,and military rocketry. These advanced materials are typically either traditional materials
whose properties have been enhanced or newly developed, high— performance materials. Fur-
thermore, they may be of all material types(e. g. metals, ceramics, polymers) ,and are normal-
ly relatively expensive.

Modern Materials’ Needs

In spite of the tremendous progress that has been made in the discipline of materials-
science and engineering within the past few years, there still remain technological challenges,
including the development of even more sophisticated and specialized materials, as well as
consideration of the environmental impact of materials production. Some comment is appro-
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priate relative to these issues so as to round out this perspective. ©

Nuclear energy holds some promise,but the solutions to the many problems that remain
will necessarily involve materials, from fuels to containment structures to facilities for the
disposal of radioactive waste.

Significant quantities of energy are involved in transportation. Reducing the weight of
transportation vehicles(automobiles, aircraft, trains, etc. ) , as well as increasing engine oper-
ating temperatures,will enhance fuel efficiency. New high—strength,low—density structural
materials remain to be developed,as well as materials that have higher— temperature capabil-
ities, for use in engine components.

Furthermore, there is a recognized need to find new, economical sources of energy,and to
use the present resources more efficiently. Materials will undoubtedly play a significant role
in these developments. For example, the direct conversion of solar into electrical energy has
been demonstrated. Solar cells employ some rather complex and expensive materials. To en-
sure a viable technology,materials that are highly efficient in this conversion process yet less
costly must be developed.

Furthermore, environmental quality depends on our ability to control air andwater pollu-
tion. Pollution control techniques employ various materials. In addition, materials processing
and refinement methods need to be improved so that they produce less environmental degra-
dation, that is,less pollution and less despoilage of the landscape from the mining of raw ma-
terials. Also,in some materials manufacturing processes, toxic substances are produced, and
the ecological impact of their disposal must be considered.

Many materials that we use are derived from resources that are nonrenewable, that is,
not capable of being regenerated. These include polymers, for which the prime raw material is
oil,and some metals. These nonrenewable resources are gradually becoming depleted, which
necessitates: 1)the discovery of additional reserves,2)the development of new materials hav-
ing comparable properties with less adverse environmental impact,and/or 3)increased recy-
cling efforts and thedevelopment of new recycling technologies. As a consequence of the eco-
nomics of not only production but also environmental impact and ecological factors,it is be-
coming increasingly important to consider the“cradle-to-grave”life cycle of materials relative

to the overall manufacturing process. 2
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.account for v. B, Lk, fFk 105. despoilage/dis'poilidzfuz. TH, #HLG
oxide/'sksaid/n. [{L1E ALY 106. ecological/.eka'lodzikalfad;j. HEZ%¥H
carbide/'ka:baid/m. [{k]BALY 107. resource/ri'so:s/n. W, W1, Bif

insulative/ ‘insjuleitiv; 'inse-fadj. %4 % 108. regenerate/ ridzenarit/or. {# 4, %
M, REm s vi. A, BE; adj. FEM
brittle/britlfad;. 50/, M55/ 109. deplete/dipli:tve. ¥R, F5EH
density/'densiti/n. % 110. cradle-to-grave/ kreidl ta' greiv/ad;.
flexible/fleksabl/ad;. &M, S #, —¥FH. -4

& Notes %

1. Transportation , housing, clothing , communication, recreation,and food production — virtually ev-

ery segment of our everyday lives is influenced to one degree or another by materials.



B R IR E R R RS — RATA WA TE 6907 05 T I JLF R R R R
ERBIE AN,
virtually adv. ZLF5 F, JLFF He’s become ~ bankrupt. i 32 Fx | B 28 5=,

- Historically, the development and advancement of societies have been intimately tied to the
members’ ability to produce and manipulate materials to fill their needs.
Mfﬁﬁi%,?iéﬂﬂﬁﬁfﬂi&iﬁﬁﬁﬁﬁﬁétft#ﬁﬁiﬁﬂL‘l?ﬁﬂﬁ%*ﬂ@ﬁﬁﬁ wUMX,
intimately adv. 4], B8

. The earliest humans had access to only a very limited number of materials, those that occur
naturally: stone,wood,clay, skins,and so on.
—?%A?@ﬁﬁﬁﬂﬁ?ﬁ]iﬁﬁﬁl‘ﬁﬂ‘]%ﬁﬁﬂ,ﬁ&ﬂﬁfﬁﬁﬂ,ﬁﬂE%\*ﬁ\mi\&i%o
have access to €158, {# f, W57
those ZE It A materials 5] {715 ,

. With time they discovered techniques for producing materials that had properties superior
to those of the natural ones; these new materials included pottery and various metals.
I‘E%Wfﬁlﬂ‘ﬁﬁgvAmﬁﬂTif‘tﬁﬁﬂtﬂ:%%Hﬂﬂ‘J&*71‘35‘&—_5%?1‘2“*4@?335‘3#*{!%??
&R "%
with time 787 #l , 1218 #b
superior to fL T, H------ R

. At this point, materials utilization was totally a selection process, that is, deciding from a
given,rather limited set of materials, the one that was best suited for an application by vir-
tue of its characteristics.

EX— QB AHAALRRE - BB, NS 8974 R k%, WU H1 4
given adj. BLEN ,—EH , I8 EH
the one 7E I H AT a selection process By [& {715,

- It was not until relatively recent times that scientists came to understand the relationships
between the structural elements of materials and their properties.
BRERBEZNAF R TR ERBRS SESENLE,

recent times IT{t

come to v. FFEEF------
It was. .. that REIEPE WASR AN, Kb g8 34, that — A ] H A A
B,

- This knowledge acquired in the past 60 years or so.has empowered them to fashion,to a
large degree,the characteristics of materials.
L 60 SKAF B4 B X — HHRE 2R 2 RATRES7ER AR I 1875 b5 1045 5
(which has been)acquired in the past 60 years or so e,
empower sb to do sth #12§ F enable sb to do sth, & H“MF LA FTRLEMEEH”.
to a large degree HIHAE, XR“EEMRKEE 7.

- An advancement in the understanding of a material type is often the forerunner to the step-
wise progression of a technology.
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X#?Hﬂ%’ﬂ?‘fﬁﬂ‘]i&—iﬂiﬂﬁﬁi%~ﬁ&7ﬁf‘fl‘ﬁiﬁﬁ@ﬂ‘]ﬁi%o

stepwise adj. BEBE R, B 19 ;0. Brifht

progression n. i, # B, 5

The discipline of materials science involves investigating the relationships that exist be-
tween the structures and properties of materials.

MRB 2R B M N St > M BT e L &

. On an atomic level, structure encompasses the organization of atoms or molecules relative
to one another.

R TR L 5 05E R F R4 7 HE E A8 %,

Relative to E------ ARK, B E . HXTTF; e g. the position of the sun ~ the earth K5
BRI A XL .

The next larger structural realm, which contains large groups of atoms that are normally
agglomerated together, is termed “microscopic,” meaning that which is subject to direct
observation using some type of microscope.
T—é&ﬁkﬁ@%mﬁiﬁﬁﬁ?ﬁ“ﬁm”,%%%Emﬂﬁﬁﬁ‘ﬁﬁﬁ%ﬂ%%?ﬁﬁ » B 3% K it
HEERAE—RBMETHA,

which 5| & 3F FR i 4 %2 5 M 4], #84 structural realm; meaning 51 #9 3 7E 43 iR 45 1B 1
WRiE.

be subject to 1. 533 ----- i e. g. be subject to fits of passion LRI 2. BB i,
Hlseeeeee i e. g. The treaty is subject to ratification. A ARG AT A

Property is a material trait in terms of the kind and magnitude of response to a specific

imposed stimulus.

TR BERE AL BB T b i B0 0 3 00 S 17 e 3 R B A/ h

With regard to the relationships of these four components, the structure of a material will

depend on how it is processed.

ETXNERBXR . HHEWESEEMT FRME.
in/with regard to XF,EF laws in regard to human rights T AN B4

On only rare occasions does a material possess the maximum or ideal combination of prop-

erties.

RAERLBEER THEA S RER PR NSRS,

Thus,it may be necessary to trade off one characteristic for another.

Hit A LB —FME S BERB —Fh,

Trade off. . . for/against 3, ] ------ TEV Y 3c e . E AR

e. g. trade off inflation against unemployment TE8 Bk F 2 b 2 | 347 Hr

The cost of a finished piece also includes any expense incurred during fabrication to pro-

duce the desired shape.

il B Y A A FE R B SR P S T B
incur v. gy ------ SI&,#3% e. g. ~ a heavy loss I E AH %

Furthermore, metals are quite strong, yet deformable, which accounts for their extensive

use in structural applications.



