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After the lesson, the student will be able to :

o Define the Materials Science and Engineering.
o Classification of Materials.

e Properties of some Type of Materials.

e Classification of materials Based on Structure.

e Classification of materials Based on Function.
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1. MATERIALS SCIENCE AND ENGINEERING

Sometimes it is useful to subdivide the discipline u=-=33 of materials science and
engineering into materials science and materials engineering  sub-
disciplines 4= 4 lawaas, Strictly speaking 4.lSll 8.l Jeallh | “materials science”
involves investigating the relationships that exist between the structures and
properties of materials. In contrast, J:sdl & “materials engineering” is, on the

basis of these structure—property 4s<ls correlations <l Y1 | designing or
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engineering the structure of a material to produce a predetermined set of properties.
From a functional perspective, ks )shis e the role of a materials scientist _s»
Jsall Hlle js to develop or synthesize xisi new materials, whereas a materials
engineer is called sl=xisl upon to create new products or systems using existing

s 5> 3« Materials, and/or to develop techniques for processing 4al=< materials. Most
graduates oAl alaxs in materials programs are trained aex to be both materials

scientists and materials engineers.

Four important components are involved in the science and engineering of

materials namely structure and properties, processing and performance ( Figure 1).
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Figure 1 The four components of the discipline of materials science and

engineering and their interrelationship

An example of these processing-structure-properties- Aallall 4 Gallad
performance principless!3l ssbe  with Figure 2, a photograph showing three thin
disk specimens placed over some printed matter. It is obvious that the optical
properties 4 pail yailadll (i.e., the light transmittance s sl 4,34 ) of each of the
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three materials are different; the one on the left is transparent —li whereas the
disks in the center and on the right are, respectively, translucent and opaque 4«iz,
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Figure 2

All of these specimens are of the same material, aluminum oxide as:e ¥ 28T | but
the leftmost _lwll il one is what we call a single crystal 33 il 5,5 that is, it is
highly perfect 4all 406 which gives rise to its transparency. The center one is
composed of numerous and very small single crystals that are all connected; the
boundaries 25>l between these small crystals scatter <3 a portion of the light
reflected usS=ll ¢ sl from the printed page, which makes this material optically

translucent L_»=: 484 | Finally, the specimen on the right is composed not only of
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many small, interconnected crystals 4k jidl & all &)L but also of a large
number of very small pores 13> 3 sl sludll or void spaces 4e Ll cilaluall | These
pores also effectively scatter the reflected light and render this material opaque.
ddine Balall s2a Jaaty Jlad JS5 pSaid) ¢ gl cuil e Ul aluall 228 Jaad Thus, the
structures of these three specimens are different in terms of crystal boundaries
4,50 2 sl and pores sl s, Which affect the optical transmittance properties. L
4 padl Dl patbad e 35 Furthermore, <l Je 553l each material was produced
using a different processing technique 4lise dsle 408 | And, of course, the

performance of each material will be different.
2. Classification of Materials:

Familiar objects 4& s <L.il made of metals and metal alloys (from left to right):
silverwareisxi <l 5o (fork and knife), scissors, coins, a gear, a wedding ring, and a

nut and bolt.
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Common objects 4x:Lill LAY made of ceramic materials: scissors, a china teacup
e sl g a building brick sl sk | a floor tile =l 134, and a glass vase

dals Ha 8 W,

Several common objects made of polymeric materials ic suaall &xlill oL (e el
4 el sl 3 sall et plastic  tableware (spoon, fork, and knife) ASiwdll sxlall <l gl
(Sas 5 4S 9 43aL0)), billiard ballss2olldl & S5 a bicycle helmetidal 28355 | two dice
¢, a lawn mower wheel (plastic hub and rubber tire) Lsss) cadiall 53 3 dlac
hlae a5 Siu3l)) and a plastic milk cartondsSiuslh culs e
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Solid materials have been conveniently grouped into three basic categories iz
pulal i 6 ) 20k (S8 dalall o sl metals, ceramics, and polymers, a scheme
Lli. pased primarilylssl  on chemical makeupssasll caS il and atomices !
structure. Most materials fall into one distinct groupings_j«is e seas or another. In
addition, there are the composites that are engineered combinations of two or
more different materials Sl sl (pidliia Giiske ey, A brief explanation s se ¢ b ais
of these material classifications and representative characteristics is offered next
<y, Another category is advanced materials 4sxsiall o sall those used in high-
technology applications, such as semiconductors<Sus sall sluil | biomaterials 3 sall s

4sall smart materialsiSyl o salls | and nanoengineered materials Audigadl ) sl
a0l
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Metals

Metals are composed of one or more metallic elements (e.g., iron,
aluminum, copper, titanium, gold, nickel), and often also nonmetallic elements Gile
dpma ye alic Wayl &5 L (e.g., carbon, nitrogen, oxygen) in relatively small
amounts Luw 3_pnea beSs | Atoms in metals and their alloys are arranged in a very
orderly manner 4l dalaic 48, jlay LeSilu 5 alaall & 0l 53 i i oy

Ceramics

Ceramics are compounds <UsS e between metallic and nonmetallic elements; they
are most frequently oYl el oxides 2SI | nitrides <l sis | and carbides

<law S50 For example, common ceramic materials 4=5Lall 4 330 ol gl jnclude
aluminum oxide asse s 281 (or alumina, Al,O3), silicon dioxide ¢ sSalsdl ausi G
(or silica, SiO,), silicon carbide ¢Sl an S (SiC), silicon nitride osSalaad) &y
(SizNy), and, in addition, what some refer to as the traditional ceramics _+i W )

2l el by (el 43) those composed of clay minerals 4k (2lss (e.9., porcelain

«aall), as well as cement and glass.

Polymers

Polymers include the familiar 4isildl plastic and rubber 4dUadll materials. Many of
them are organic compounds 4:sxac <lS that are chemically based on carbon,
hydrogen, and other nonmetallic elements (i.e., O, N, and Si). Furthermore 3\
<y e they have very large molecular 4 > structures, often chainlike in nature
Adiie danb 3 ) S5 L Ul ) that often have a backbone of carbon atoms 88 3 gas |
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Some common and familiar polymers are polyethylene (PE), nylon, poly(vinyl

chloride) (PVC), polycarbonate (PC), polystyrene (PS), and silicone rubber.

(Gl 33518) Asalls ccosblilly ((PE) ol o) o Abslally Aailil) il palsed) (i
L(8Shd) ol g ((PS) G sl sl g ((PC) i S (Asalls ((PVC)

Composite

A composite is composed of two (or more) individual ¢ % materials that come
from the

categories <l previously discussed metals, ceramics, and polymers. The design
goal of a composite Sl area’ (e ¢l is to achieve @2s3 a combination g« of
properties that is not displayed «<=_= i ¥ by any single material and also to
Incorporate z> the best characteristics of each of the component materials. A large
number of composite types are represented by different combinations <le seas Of
metals, ceramics, and polymers. Furthermore, <l e 33 some naturally
occurring materials dxuhll 8 3355 sall 3 54l are composites for example, wood and
bone. However, €3 aay most of those <li .la=s we consider in our discussions
LiiLidla are synthetic 4elia <US e (Or human-made obsy) xia ) composites. One of
the most common & ss iSY) and familiar 4 slllicomposites is fiberglass <Lty
Lala ), in which small glass fibers 3= dals ) <Ll are embedded x> within a
polymeric material 4 52 33k (normally an epoxy or polyester siwds s S sn)),
The glass fibers are relatively G strong and stiff (but also brittle 4.34), whereas the

polymer is more flexible 455 Jisi
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ADVANCED MATERIALS

Materials utilized 4s2aiwal 35l in high-technology (or high-tech) applications
Leagiall L o i€l landa’ gre sometimes termed advanced materials desidl o sall |

-Semiconductors:
Semiconductors <Skagall eLiéi have electrical properties that are intermediate
dhu gia between those of electrical conductors 4wl ¢Sl Buagall (i.e., metals and

metal alloys) and insulators Jj\s=! (i.e., ceramics and polymers).

-Biomaterials: 4 sall 3 gall

The length and the quality of our lives are being extended and improved 4

G g in part, due to advancements #5l in the ability 333 to replace diseased and
injured body parts dladls il awall ¢l3al . Replacement implants are
constructed bl <ilu &) ¢l &4 of biomaterials nonviable LG e 4 sall o) sl (e
sball (j.e., nonliving 4~ e 1) materials that are implanted into the body e )
~all 4 so that they function in a reliable 44 s | safe 4.l | and physiologically
satisfactory manner 4 sl ssadll 2alll (40 43 5e 5, While interacting Jelill with living

tissue sy

-Smart materials

Smart (or intelligent 4S3 ) materials are a group of new and state-of-the-art

materials _ shiall 5 3uaall o) sall (0 de sans now being developed s . sk that will have
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a significant influence on many of our technologies s =)l e S 5l L () S
Lilass, The adjective 4= smart implies 33 that these materials are able to sense
Uil changes in their environment Wi and then respond 4siwY! to these changes

in predetermined manners traits s 3:0a0 ClSslus  that are also found in living

organisms 4.l clsll

Components of a smart material 483l 3alall <l Sa (e (0r System) include some
type of sensor Jlaiiu¥) 5 jeal e W & 55 (which detects an input signal 3L caiiss Al
Jwaay)) and an actuator J=isl) (which performs a responsive and adaptive function
ol sty Adda g g3 A1), Actuators may be called upon —ki to change shape,
position, natural frequency, or mechanical characteristics in response to changes in

temperature, electric fields, and/or magnetic fields.

Nano-materials,

One new material class that has fascinating properties 4~ (<=ibaiy and
tremendous technological promise il 4 5155 sael 5 js the Nano-materials 2 s<l
4, 5Ll which may be any one of the four basic types metals, ceramics, polymers, or
composites. However, unlike these other materials, they are not distinguished on
the basis of their chemistry leisbeS Gud e st ¥ but rather their size ol e
leaxa; the nano prefix 45l sl denotes that the dimensions of these structural
entities are on the order of a nanometer (10™° m) as a rule d\e 3:xcli | |ess than 100

nanometers.
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3 Properties of Some Types of Materials
3.1 Metals and Alloys

They usually have a crystalline structure and are good thermal and electric
conductors. xa JS& eb yeSll g3l jall dlia sa 540 b A L (58 Lesale

Many metals have high strength and high elastic module. Gateall (e p2ll aias
Alle &35 e dalle 3 5

They also have sufficient ductility, which is important for many engineering
applications. dsiell ikl (o mall aga el 58 5 ABSI 2 5ally wiai Lgdl LS

They are least resistance to corrosion. JSUll 4a glaa J&Y) g8

3.2 Ceramics and glasses

They are good electrical and thermal insulators.sxs 5 s 5480 S J ) se il
They have high hardness, high moduli, and high temperature strength. L
Alle 5l a da 35585 dlle dalaa s dlle A3lay wiads

They are resistant to high temperature and corrosive environments. 4« st L)
JSTL ) il 5 dnii jall 3 ) jaldl cila

They are very brittle Al dda 4

3.3 Polymers

They are generally have low density and are not stable at high temperatures.
Axdi pall 5l yall il j0 die B e e g duaidie AUS i Lo sac o
They generally have a good strength to weight ratio. (s 83 duwi L gac agaal
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e Most of them are corrosion resistant, but cannot be used at high
temperatures.idle &) s Cila ja b Laladial (Kay Y S5 (UM i glia Lgalane

e They provide a good electrical and thermal insulation. bl Jo=l i i Ll
sl adly

4 . Classification of materials Based on Structure:
a. Crystalline 4% materials

-Single Crystals

-Polycrystalline < skl a1

b. Amorphous materials. 4sk & 3 sa

5. Classification of materials Based on Function:

a . Mechanical material
b . Electronic material
¢ .Magnetic material

d .Optical material

e .Medical material
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