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Unitvl ‘Materials Science and Engineering

Materials are properly more deep-seated in our culture than most of us realize. Transportation ,
housing, clothing, communication, recreation and food production—virtually every segment of our
everyday lives is influenced to one degree or another by materials. Historically, the development and
advancement of societies have been intimately tied to the members” abilities to produce and manipu-
late materials to fill their needs. In fact, early civilizations 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
occured 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
materials included pottery and various metals. Furthermore, it was discovered that the prop-
erties of a material could be altered by heat treatments and by the addition of other sub-
stances. 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
virtue of its characteristic. It was not until relatively recent times that scientists came to un-
derstand the relationships between the structural elements of materials and their proper-
ties. This knowledge, acquired in the past 60 years or so, has empowered them to fashion, to
a large degree, the characteristics of materials. Thus, tens of thousands of different materials
have evolved with rather specialized charaeteristics 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 comfortable has been
intimately associated with the accessibility of suitable materials. Advancement in the under-
standing of a material type is often the forerunner to the stepwise progression of a technolo-
gy. For example, automobiles would not have been possible without the availability of inex-
pensive steel or some other comparable substitutes. In our contemporary era, sophisticated
electronic devices rely on components that.are made from what are called semiconducting ma-
terials.

Materials Science and Engineering .

Sometimes it is useful to subdivide the discipline of materials science and engineering in-
to materials science and materials. engineering subdisciplines. Strictly speaking, “materials
science” involves investigating the relationships that exist between the structures and prop-
erties of materials. In contrast, “materials engineering” is, on the basis of these structure-
property correlations, designing or engineering the structure of a material that produce a pre-
determined set of properties. From a functional perspective, the role of a materials scientist is
to develop or synthesize new materials, whereas a materials engineer is called upon to create
new products or systems using existing materials, and/or to develop techniques for process-
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ing materials. Most graduates in materials programs are trained to be both materials scientists
and materials engineers. e :

“Structure” is a nebulous term that deserves some, explanatlon. In brief, the structure of
a material usually relates"to the an‘angement of its internal components. Subatomic structure
involves electrons w1tlﬁn thejindividual atoms.and interactions with their nuclei. On an atomic
level, structure encompasses the organization of atoms or molecules relatlve to one anoth-:
er. The next large structural realm, which contains large groups of atoms that are normally
agglomerated together, is termed “microscopic” meaning that which is subject to direct ob-
servation using some type, of ‘microscope; Finallyy 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
exposed to external stimulin that evoke some type of response. For example, a specimen sub-
ject to forces will experience. deformation; or a polished metal surface will reflect
light. Property 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 six different
categories: mechanical, electrical, thermal, magnetic, optical, and deteriorative. For each,
there is a characteristic type of stimulus capable of provoking different responses. Mechanical
properties 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 filed. 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 are involved in
the science and engineering of materials, namely “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 material’s performance will be a function of its prop-
erties. Thus, the interrelationship between processing, structure, properties, and perform-
ance is linear as follows:

Processing—Structure—>Properties—>Performance
Why Study Materials Science and Engineering?

Why do we study materials? Many an applied scientist or engineer, whether mechanical, civil,
chemical, or electrical, will be exposed to a design problem involving materials at one time or an-
other. Examples might include a transmission gear, the superstructure for a building, 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 to select the right material from many thousands
available ones. There are several criteria on which the final decision is normally based. First
of all, the in-service conditions must be characterized. On only rare occasion does a material
possess the maximum or ideal combination of properties. Thus, it may be necessary to trade
off one characteristic for another. The classic example involves strength and ductility; nor-
mally, a material having a high strength will have only.a limited ductility. In such cases a rea-
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sonable compromise 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 in mecharical ‘strength may
result from exposure to elevated temperatures or corrosive environments.

Finally, probably the overriding consideration is economics. What will the finished prod-
uct cost? A material may be found that has the ideal set of properties, but is prohibitively ex-
pensive. Here again, some compromise is inevitable. The cost of a fmlshed piece also includes
any expense incurred during fabrication. - S

The more familiar an engineer or scientist is with the various characteristics and structure-prop-
erty: relationships, as well as processing techniques of materials, the more proficient and confident
he or she will be to make judicious materials choices based on these critéria. _

(Selected from ‘William D. Callister, Jr, Materials Science and Engineering ;
An Introduction. 7th ed. John Wlley & Sons, 2007)

New Words and Expressions

pottery n. B¥E o

by virtue of K& (- Hy B, HBIE, BT, BEH
empower v. AL, WEF; FREW

empower sb. to do sth. @A ks
forerunner n. 3K (F),; FIK

stepwise a. FEHL, B
interdisciplinary a. 3R

metallurgy 2. &%

nebulous a. BXH, = RE, BB, BB
agglomerate =n. KHF, K; a. BN, BEEH
elaboration = HERHHAT, BB, ER
electrical conductivity H 54k, B&EEK
dielectric constant . 4} EL ¥ %

thermal conductivity #S#k, #FHEK

heat capacity % :

processing wv. (BFHH) T, 4bE

structure n. (FFBIH) S5H, Wi

property =n. C(BRBLEY) 4E, HEBR
performance =n. (AF¥EH9) H:8k

refraction n. 75}

reflectivity n. 4

strength n. IR

ductility n. JEREM '

corrosive a. FEPARY, DRIRAY, EORYERY; » BEORY, BERA
overriding a«. BEEN; BT
prohibitive a. ZE1LAY, M4HH

judicious a. BAEH

criterion n. (pl criteria) tR¥E, ¥N, RE

Notes

@ It was not until relatively recent times that scientists came to understand the relation-
3



ships between the structural elements of materials and thelr properties. X&— 4 RiR4E, R
R s came to+RER, Bl “BFerr”y “FFifeeeer . BEREX. BABRE, PEX
ARFTEMABHEHERSHIFHEZMHRER.

@ The notion of “property” deserves elaboration, deserve: Bi3%, AH B elaboratlon:
PR MR, BB, “property” — 7 KB SER LR

® The thermal behavior of solids can be represented in terms of heat capacity and ther-
mal conductivity. AJH “represent” MIEBR “EH”. “BR”. “‘WL”; “term” R “R
B, BHEL . BEMBHRTHTARENRSERERME.

@ In addition to structure and properties, two other important components are involved
in the science and engineering of materials, namely “processing” and “performance”.. com-
ponent, JE# “AR”. “BH”7, ZAPHEMNMEES TEBHAENERAR; namely, FH
“H”, BEEFX: BREWESRBENS, HRBNEEIRECEANFIHERNTERS, B
(BB T 5.

® Many an applied scientist or engineer, ..., will at one time or another be exposed to
a design problem involving materials. many a (an, another) + B ¥&Z, HEH, £H,
—AEE—/ W, H: many a person, P& A; be exposed to: BEE, HEiE, A Feeeoe ¥
M, BEREX: FENAMNERRITRBIF, - EREADRRBEEE Y RN R
el A . . : ' :
® On only rare occasion does a material possess the maximum or ideal .combination of
properties. XE— B3 BEA, HLIEARK: A material possesses the maximum or ideal
combination of properties on only rare occasion. &) #) “on only rare occasion”, W HBi%N

“QDEEBRPVBERT”; “possess” & “BHE” HER.
Exercises

1. Question for discussion

(1) What is materials science? What is materials engineering?

(2) What are the main components of materials science and engineering?

(3) Give the important properties of solid materials.

(4) Please elaborate the relationships of processing, structure, properties, and per-
formance.

(5) Why do we study materials science and engineering?

(6) Give some example about the problem of materials science and engineering.

2. Translate the followmg into Chinese

materials science Stone Age

naked eye Bronze age

optical property integrated circuit
mechanical strength thermal conductivity

e “Materials science” involves investigating the relationships that exist between 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 a material
to produce a predetermined set of properties.

e Virtually all important properties of solid materials may be grouped into six different
categories: mechanical, electrical, thermal, magnetic, optical, and deteriorative.

e In addition to structure and properties, two other important components are involved
in the science and engineering of materials, namely “processing” and “performance”
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e The more familiar an engineer or scientist is with the various characteristics and
structure-property relationships, as well as processing techniques of materials, the more pro-
ficient and confident he or she will be to make judicious materials choices based on these cri-

terla.
e On only rare occasion does a material possess the maximom or ideal combination of

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

3. Translate the following inte English

R ER : Fr i B

A ' o R
FEE - - - REEN
BHkm T BMERH BIO

e HERIE, BERFALXTFTHMBNEGHERSHEEZRABXR.
o BB TR AR Ykt e B e R R 0 8 B PR B A
o R AN TERARERE T BN, ﬁﬁﬁ&%?ﬂﬁﬂﬁﬁﬁﬁﬂlﬁﬁﬁ
o MBI EHERERFTRINBAHTTFEWEER XK.
4. Reading comprehension
.. (1) Which material does not occur in nature? _ , ‘
(A) pottery (B) wood (& clay v . (D) stone
. (2) According to the text, all the following statements are true EXCEPT
(A) The earliest humans have access to only a.very limited number of matenals ‘
(B) The properties of a material could be altered by heat treatments .
(C) The properties of a material could be altered by the addition of other-. substances
(D) The human beings in Bronze Age came to understand the relationships between the
structural elements of materials and their propertles
(3) In the sentence “The thermal behavior of sohds can be represented in terms of heat
capacity and thermal conductivity”, the word represented” ‘means .
(A) replaced (B) described (C) stood for (D) delegated
(4) According to the author, Whlch of the followmg properties are 1mportant for solid

materials? .
(A) mechanical and deteriorative (B) electric and magnetic
(C) thermal and optical (D) A, Band C

(5) According to the interrelationship ot processing, structure, properties, and per-
formance of solid materials indicated in the text, which of the following statements is
TRUE? ,

(A) The structure of a solid material depends 6n’its performanee: i

(B) The processing of-a solid material can result in the alteration of its structure, but

can not change its properties and performance.

(C) Ultimately, the processing of a solid material determines its structure, properties,

and performance. : :

(D) The properties of a solid material are derived from its performance.

(6) Why do we study materials science and engineering?

(A) Because we w1ll be exposed to a design problem involving materials at one time or

another. - . |

(B) Because any deterioration of material propertles may occur during service opera-

tion. : . :

(C) Because the economic consideration for a material is also inevitable.

5



(D) A, BandC.
Reading Material

The Development of Materials Science

Materials science and engineering is an interdisciplinary field involving ‘the properties of
matter and its applications to various areas of science and engineering. This science investi-
gates the relationship between the structure of materials at atomic or molecular scale and
their macroscopic properties. It includes elements of applied physics and chemistry, as well as
chemical, mechanical, civil and electrical engineering. With significant media attention to
nanoscience and nanotechnology in recent years, materials science has been propelled to the
forefront at many universities. It is also an important part of forensic engineering and forensic
materials engineering, the study of failed products and components.

History

The material of choice of a given era is often its defining point; the Stone Age, Bronze
Age, and Steel Age are examples of this one. Materials science is one of the oldest forms of
engineering and applied science, deriving from the manufacture of ceramics. Modern materi-
als science evolved directly from metallurgy, which itself evolved from mining. A major
breakthrough in the understanding of materials occurred in the late 19th century, when Wil-
lard Gibbs demonstrated that thermodynamic properties relating to atomic structure in vari-
ous phases are related to the physical properties of a material. Important elements of modern
materials science are a product of the space race: the understanding and engineering of the
metallic alloys, and silica, and carbon materials, used in the construction of space vehicles
enabling the exploration of space. Materials science has driven, and been driven by, the de-
velopment of revolutionary technologies such as plastics, semiconductors, and biomaterials.

Before the 1960s (and in some cases decades after) » many materials science departments
were named metallurgy departments, from the 19th and early 20th century emphasis on met-
als. The field has since broadened to include every class of materials, including: ceramics,
polymers, semiconductors, magnetic materials, medical implant materials and biological ma-

terials.

Fundamentals of Materials Science

In materials science, rather than haphazardly looking for and discovering materials and
exploiting their properties, one instead aims.to understand materials fundamentally so that
new materials with the desired properties can be created.

The basis of all materials science involves relating the desired properties and relative
performance of a material in a certain application to the structure of the atoms and phases in
that material through characterization. The major determinants of the structure of a material
and thus of its properties are its constituent chemical elements and the way in which it has
been processed into its final form. These, taken together and related through the laws of
thermodynamics, govern a material’s microstructure, and thus its properties.

An old adage in materials science says: “materials are like people; it is the defects that
make them interesting”. The manufacture of a perfect crystal of a material is currently phys-
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ically impossible. Instead materials scientists manipulate the defects in crystalline materials
such as precipitates, grain boundaries (Hall-Petch relationship), interstitial atoms, vacan-
cies or substitutional atoms, to create materials with the desired properties.

Not all materials have a regular crystal structure. Polymers display varying degrees of
crystallinity, and many are completely non-crystalline. Glasses, some ceramics, and many
natural materials are amorphous, not possessing any long-range order in their atomic ar-
rangements. The study of polymers combines elements of chemical and statistical thermody-
namics to give thermodynamic, as well as mechanical, descriptions of physical properties.

In addition to industrial interest, materials science has gradually developed into a field
which provides tests for condensed matter or solid state theories. New physics emerge be-
cause of the diverse new material properties which need to be explained.

Materials in Industry

Radical materials advances can drive the creation of new products or even new indus-
tries, but stable industries also employ materials scientists to make incremental improve-
ments and troubleshoot issues with currently used materials. Industrial applications of mate-
rials science include materials design, cost-benefit tradeoffs in industrial production of mate-
rials, processing techniques (casting, rolling, welding, ion implantation, crystal growth,
thin-film deposition, sintering, glassblowing, etc. ), and analytical techniques (character-
ization techniques such as electron microscopy, x-ray diffraction, calorimetry, nuclear mi-
croscopy (HEFIB), rutherford backscattering, neutron diffraction, etc. ).

Besides material characterization, the material scientist/engineer also deals with the ex-
traction of materials and their conversion into useful forms. Thus ingot casting, foundry
techniques, blast furnace extraction, and electrolytic extraction are all part of the required
knowledge of a metallurgist/engineer. Often the presence, absence or variation of minute
quantities of secondary elements and compounds in a bulk material will have a great impact
on the final properties of the materials produced, for instance, steels are classified based on
1/10th and 1/100 weight percentages of the carbon and other alloying elements they
contain. Thus, the extraction and purification techniques employed in the extraction of iron
in the blast furnace will have an impact of the quality of steel that may be produced.

The overlapping between physics and materials science has led to the offshoot field of
materials physics, which is concerned with the physical properties of materials. The ap-
proach is generally more macroscopic and applied than in condénsed matter physics.

The study of metal alloys is a significant part of materials science. Of all the metallic al-
loys in use today, the alloys of iron (steel, stainless steel, cast iron, tool steel, alloy steels)
make up the largest proportion both by quantity and commercial value. Iron alloyed with va-
rious proportions of carbon gives low, mid and high carbon steels. For the steels, the hard-
ness and tensile strength of the steel are directly related to the amount of carbon present,
with increasing carbon levels also leading to lower ductility and toughness. The addition of
silicon and graphitization will produce cast irons (although some cast irons are made precise-
ly with no graphitization). The addition of chromium, nickel and molybdenum to carbon
steels (more than 10%) gives us stainless steels.

Other significant metallic alloys are those of aluminium, titanium, copper and magnesi-
um. Copper alloys have been known for a long time (since the Bronze Age), while the alloys
of the other three metals have been relatively recently developed. Due to the chemical reactiv-
ity of these metals, the electrolytic extraction processes required are only developed relatively
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recently. The alloys of aluminium, titanium.and magnesium are also known and valued for
their high strength-to-weight ratios and, in the case of magnesium, their abilities to provide
electromagnetic shielding. These materials are ideal for situations where high strength-to-
weight ratios are more important than bulk cost, such as in the aerospace industry and cer-
tain automotive engineering applications. ' '

Other than metals, polymers and ceramics are also an important part of materials sci-

ence. Polymers are the raw materials (the resins) used to make what we commonly call plas-
tics. Plastics are really the final product, created after one or more polymers or additives have
been added to a resin during processing, which is then shaped into a final form. Polymers
which have been around, and which are in current widespread use, include polyethylene,
polypropylene, PVC, polystyrene, nylons, polyesters, acrylics, polyurethanes, and poly-
carbonates. Plastics are generally classified as “commodity”, “specialty” and “engineering”
plastics. o .
PVC (polyvinyl-chloride) is widely used, inexpensive, and annual production quanti-
ties are large. It lends itself to an incredible array of applications, from artificial leather to
electrical insulation and cabling, packaging and containers. Its fabrication and processing are
simple and well-established. The versatility of PVC is due to the wide range. of plasticisers
and other additives that it accepts. The term “additives” in polymer science refers to the
chemicals and compounds added to the polymer base to modify its material properties.

Polycarbonate would be normally considered an-engineering plastic (other examples in-
clude PEEK, ABS). Engineering plastics are valued for their superior strenigths and other
special material properties. They are usually not used for disposable applications, unlike com-
modity plastics., , ‘ ,

Specialty plastics are materials with unique characteristics, such as ultra-high strength,
electrical conductivity, electro-fluorescence, high thermal stability, and so on. o

It should be noted here that the dividing line among the various types of plastics is not
based on material but rather on their properties and applications. For instance, polyethylene
(PE) is a cheap, low friction polymer that commonly used to make disposable shopping bags
and trash bags, and is considered a commodity plastic, whereas Medium-Density Polyethy-
lene (MDPE) is used for underground gas and water pipes, and another variety called Ultra-
high Molecular Weight Polyethylene (UHMWPE) is an engineering plastic which is used
extensively as the glide rails for industrial equipment and the low-friction socket in implanted
hip joints. : : ‘ ,

Another application of material science in industry is the making of composite materi-
als. Composite materials are structured materials composed of two or more macroscopic pha-
ses. An example would be steel-reinforced concrete; another can be seen in the “plastic” cas-
ings of television sets, cell-phones and so on. These plastic casings are usually a composite
material made up of a thermoplastic matrix such as acrylonitrile-butadiene-styrene (ABS) in
which calcium carbonate chalk, talc, glass fibres or carbon fibres have been added for added
strength, bulk, or electro-static dispersion. These additions may be referred to as reinforcing
fibres, or dispersants, depending on their purpose. . e

(Selected from http://en. wikipedia. org/wiki/Materials _ science, 2009)

New Words and Expressions

ceramic n. PEE; ‘a. o sl
metallurgy = &%



plastic a. BRI ; »n 3R, R BEH
semiconductor n. }FK

biomaterial a. &Y BH; n i%ﬁﬂ

polymer n B&E, &Y

implant v. & n. FH, BA

crystalline a. S4{KH), ZRK

thermodynamics n #J7%

foundry n. &, &Y, FEL

electrolytic a. BN, HHEBZ4EH

extraction = M, BH, #HYy

purification n. ¥tfk, #lifk, £l

chromium n. &

nickel 7. 8

‘molybdenum n. 4§

aluminium n. 48

titanium 7. %k

copper n. i ' R
magnesium 2. £ : co
resin 7. WIR AF, WIRITEY, WIEH &
additives n. IR, BIFH

fluorescence n. RN, %k

polyethylene n. BZ &

composite a. SRK, BEE4H; n ﬁ“ﬂﬁ% HEEs
calcium carbonate FRERES

glass fibres B I 4T 4

carbon fibres BR&F 4

Notes

@ An old adage in materials science says: “materials are like people; it is the defects
that make them interesting” . “adage” B# “#BF”. “PEiB”. “it is the defects that”,
XE—IEREE, BER “ERMBAEBIFEENEREG, - ”

' @ The study of polymers combines elements of chemical and statistical thermodynamics
to give thermodynamic, as well as mechanical, descriptions of physical properties. 4] 5 {1y
“elements” RIBMLEFMBAEN “FHB” B “BERM”. SHFX. ALRBSYH B HH
", & ﬂ:"’%*ﬂﬁ‘ﬁ"#’ﬁﬂ, Z<ﬁ71«l%%ﬁfﬁﬁi%ﬁ)ﬁ J&TU%%ﬁﬂ%ﬁE)ﬁ FEXFFH
VB HETHER.

@ For the steels, the hardness and tensile ‘strength of the steel are du-ectly related to
the amount of carbon present, with increasing carbon levels also leading to lower ductility
and toughness.” “tensile strength” #§ “hrfHIRMEE”; “carbon levels” R hH SHE.
SEEIL: MRMTE, ﬁﬁlﬁ*ﬂﬁﬁ‘?&ﬁ%%ﬂ*&ﬁﬁﬁ%ﬁ&ﬂﬁ%% Fﬁi‘@ﬂﬁﬁﬂﬁ
i, TTFBONA A R RS B R AS

@ Polymers are the raw materials (the resins) used to make what we commonly call
plastics. Plastics are really the:final produtt, created after one or more polymers or additives
have been added to a resin during processing, which is then shaped into a final form. which is
then shaped into a final form, BER “REHZMTRBLHGBR", BHFX. BESYR
RIRBERMEW FEAER G EHE WIE; BRARBETS, CRAH—FHREME
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YU RBIFMAZ R iR, B TR B TR .

® It should be noted here that the dividing line among the various types of plastics 1s
not based on material but rather on their properties and applications. the dividing line: 4#%
BARK. BHFEL. EXENEBHHE, *ﬁ%ﬂmﬁznmﬁﬁxﬁﬁﬁﬂﬂﬂiﬁﬂ%
WASE » WA AR 4 A A e JOR T E F SR l 4 B4

® Composite materials are structured materials composed of two or more macroscopic

phases. structured material: Z5H#1$l; phase: HBMML, SHEF L. ESHHEHEFTH IR
ENEMAHAREHH S '

Reading Compréhension

(1) According to the reading material, which of statements about Willard Gibbs is
NOT TRUE?

(A) He had great achieve in the late 19th century.

(B) He was the father of materials science and invented many structured materials.

(C) He found that the thermodynamics is related to the physic properties of a material.

(D) He interpreted the thermodynamic properties relating to atomic structure..

(2) The fundamentals of materials science are related to " of a material. -

(A) the desired properties * (B) the relative performance

(C) the perfect structure (D) both A and B

(3) About the crystallinity of materials, all the following statements are false EXCEPT

(A) not all materials have a regular crystal structure
(B) all polymers show the fine crystallinity
(C) all ceramics are not amorphous
(D) most glasses possess long-range order in their atomic arrangements
(4) Industrial applications of materials sc1ence include besides materials design.
(A) processing techniques o (B) cost-benefit tradeoffs
(C) analytical techniques . (D) A, Band C ,
- {5) About the steel, which of the following statements is NOT TRUE?
(A) The steel is kind of alloy of iron. - ’
(B) The tensile strength of the steel is directly related to the amount of carbon present.
- (C) The ductility of the steel will increase with the increase of the carbon levels.
(D) The toughness of the steel will decrease with the increase of the carbon levels.
(6) According to the passage, the.author implies that
(A) with significant media attention to nanoscience and nanotechnology in recent years,
materials science has been propelled to the forefront at many universities.
(B) the industrial interests are very important for the development of materials science.
(C), the study of metal alloys is a significant part of materials science.
(D) radical materials advances can drive the creation of new products or even new in-
dustries.

Umt 2 Class1f1cat10n of Materials

Classmcatmn of Matenals ,
Solid materials have beeit conveniently grouped into three basic classifications; metals,
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