Introduction to Materials
(2nd Edition)

.

e A

oy
Ll
i
yl

i

e

L

AR L KF &Mt




L& B FFRMAAFE TRFHIEM

Introduction to Materials

(2nd Edition)

Editor Chief: Shui Zhonghe

7

(RIBHEF « % 2R)

K Fa
# Ok @R#H THRE
FmL HAHE #HaR
E M B M4 B A
F M

O Ht
& 3

Wuhan University of Technology Press
K R FL Lk F bR A



Brief Introduction
[HERENT]

Introduction to Materials (2nd Edition), (#1FIBEIE ) (55 2 M) R 5 X W@ B S H M BRR %S TRES AR 4 iR
CHERHEE T SUE HE IR T RS R B RAESH T RAMOE AT EM RS B AR SR B R L % E TR,
SHPNEHLN RN 7T, FEAE AR AR TAES R 2R R B S AR AR SRR R A A R RS
SPTEARSE . EBNEE N LB E S T8RS0 B8 &R, 5 IR, 45 4 A 56 05 S i B2 TSR, I T R
IF] 1 TR B B P LSRR BE O SR . AN M 0 5 RO T, WG L A 2 R A B |t LA — o R R T
£

A 45 G T {46 780 S 2 AR L 28 R AR O R 4 B LR RR OB, SURT BN S R B S 9T 5 TR R R B 5 A
BAE TG i SR 4R 85 B 7K T 6 BRE B R, 8 T Oy 86 45 WPl B R B e A 26 4 Ml 0 3022 T 45, L B A K R £
KREHFENEIHE,

EHEMS% E (CIP) #1118

Introduction to Materials/Shui Zhonghe. —2nd ed. Wuhan: Wuhan University of Technology Press, 2014.9
(2015.12 FED)
ISBN 978-7-5629-4630-4

[.@ Materials... 1. @D Shui.. II. @ Material Science -Bilingual Education -Teaching book V. TB3

o E AR A B B AE CIP S0 4 7 (2014) 55 208990 &

mMEREAN:HIES BT HEHES
EERAT=% TR e |
H AR & 1720 T o2k At

i Hb 3BT B L XER R 122 5

s %7 :430070

HE : hitp: /www.wutp.com.cn
W OE KM ERE
Rl 3 RN T 9 B E 55 A PR 2 ]
7 :880mm x 1230mm  1/16
3K :16
¥ :473 TF

R 2014 49 A5 2 e

22015 4E 12 A% 2 WEIRI

#:13501—15500 Ji}

# :32.00 JC
JUWZA , qn B T B 0T 0 D0 5 B 2 o () L, 3% i) 4 R & AT 2 9 e
ASHE M A5 AR HL TS - 027-87515778 87515848 87785758  87165708(f4 H)
- AR E B3R

M FSHITHINZA



Preface
W B

¢ 44 EHHEE ) (Introduction to Materials) E 2 BUIE 2 2% IR F2 204 . 55 1 WU H 2005 45 1E 5 H R & 47 LA
K, 4 £ B R SR RO LR AR DUE SR IR AR AN AR S R L B e R R R A
EB AR EGFEEM BRI ES TEREG UM BGEHF " NI R AZE T —EERH. SR
If, — 6 kAR, BB S5 N AR T A TR B WA i,

MEEREHBA B, 8 A BN St E M, SO T REH A R =Rt BN R E RS
R, ERBERP AL T R T R2E 1 #IT A B S /AN IF P s TS T.4E. B T/
FR R IR B4 B Oy A ke RATSE A T4 7 I fr . RSO0 & 5080l , (5 4 77 78 B TR -
R L B AL R I VESS OE

(PRI D20 2 US55 1 MO UG BM R E 2450 L VN A L&A TR KWL, FEENE
?\éﬁ'ﬂﬂiifﬁ AR S TR R AT v = 8 =5 <52 i =120 b = i a7 B = ) o VTN O sl O (i

7oA A e AR S TR A R

R T RZKPHBERGEREEFAM B EREALEEHEAR D E%5. A XS BWGEH T
EIFATREE | M 2 MK SIREE L7585 s 8RR (BB 2D TR i SC Rl #% (bB
FEFO M T RME R 2 HA PR 3o B & 88 58 5t (460 82 S0 A R B il 1 2 & 3 T AR g v o)
TS 55 2 500 B R B R A A A R B (EHLES R TR Rt m S 4 3 30 Bk
TERMERETEEAMBR IR TRE R AT HERER G FE5RGHE 2 M EM
BB FEEAGMERIARRES 530 M B LIEAES B TR Z) MERME 888 e
FHERMTRE S 6 5 FHE L (REFRAM B AR EHES TRHER PO ATHEH 7%, #
BLRL 5 T AR 2EBE B9 & 1B OB 58 45D S5k 7 i (Il HF 9T A ) 2 0 T %8R ICEE R B T4 . fE i —
IR B,

W A
2014 4 08 H



Contents
= 53

Chapter 1 Basic Knowledge on Materials

1.1 An Brief History of Materials
1.2 Definition and Classification of Materials -+
1.2.1 Definition of Materials
1.2.2 Inorganic and Non-metallic Materials ««« ===+ =esceeveeeee
123 Metaujc Materials ese et waa s e e EEE 44 SeE He R EEL SEE EIT EEE SESEEE EPERE BT SO N RO
1.2.4 Polymer Materials ===+ sereeeeees

1.2.5 ComPpOSite Materials «+« == «+s+ssssses sssmrs e trsme e st st sttt s s e s
- (D
- (8
v (9)
« (9
- (9
- (10
- (10
- (13)
- (13

1.3 Substances, Resources and Materials
1.4 Relationship between Structure, Properties and Processing of Materials
141 Property S aeseesisasestees Bl sEs sE NN asA RAE BRR Re L RBN BeR BRE B s 4
1.4.2 Structure
1.4.3  Processing «:«c+veweeee
1.4.4  Structure-processing-property Relationship
1.5 Material Science and Engineering
1.5.1 Materials Science ««=eereereereree
1.5.2 Materials Engineering

1.6 Latest Development and Tendency of Materials «c«ecreverseerenensarumernennunnonsisnseennn e
- D

- (17D
- (17D
- (20
- (22)
vax LD
- (33)
« (36)
- (36)
- (4D
- (43)
+ (48)
- (53)
- (54)
- (57)
- (6D
- (64)

Chapter 2 Inorganic Non-metallic Materials

2.1.1 Introduction eee sesssa st ens st see st aenvsn et e
212 Structure Of Ceramics Trerrrmmrrrmssaess

2.1.3 Ceramics Processing

2.1.4 Properties of Ceramics ===+« erveeeee

2.1.5 Applications of Ceramics «--«=+«+=-exee:
2.2 Glass and Its Products
2.2.1 Glasses

2.2.2 Preparation of glags +++rsreereenseraneniiiioncns
2.2.3 Properties of Glass
2.2.4 Applications of Glasses

2_3 Cement and ConCrete “as ses wnenes 68 s Es BEE PEE R B e Hed aee s es GRS EIs saa e SEE IS EBE SRS SN SRS D

2.3.1 Portland Cement
2.3.2 Hydration of Cement

2.3.3 Concrete and its Preparation

2.3_4 Properties of Concrete e S N e S ea EE0 BB EEN PAE SEN HNE RS H PEEBET AEE RET T AEE AR PN B

- (D

< (1)
- (3
- (3)
- (D
- (5
- (6

(6

(14



o 2 Introduction to Materials

2.3.5 Progress in Cementitious Materials - (70)
Chapter3 tha“ic Materials Sos 4EoPs BRI TEE SEE LS EESIIT s DS BUE SN ELS SRS NN B SHE WIS S . (77)
3.1 Types of Metal Alloys «+«w«sreeevnsesnnesiicesiunieiusn s st &)
3.1.1  Tron and Steel «e«¢sssesssesissonons sesiosvsesnssen v sssonsisose sasnassasiues sonsssosasisessinnansis (J7)
3.1.2  Nonferrous Metals - (82)
3'13 Phases SeseeusiEsesaseetesassan ane b e (86)
3.2 Structure - (90)
3.2.1 Solid solutions =«=+eeereeee - (90)
322 Grain SETUCTUTE "o s v s s erroen oot manaesraeoreosnoeettsassrtssectsoteansonnassocsasscesonsonsoanass (9])
3.2.3 Crystalline structure === «=--+-+- - (9D
3.3 Properties -+ (93)
3.3.1 Plastic deformation in metals <+ (93)
3.3.2 Mechanical and physical properties of metals - (94)
34 Fabrication of'Metals P PINIIE 9ESINIAY B0 BINIS I8 0.0, 5 &R 0NE 00NN NOS SO AN 3OS GO SO S OB E EH NG GO G EE B G0 (98)
3.4.1 Forming Operations --+- - (98)
3.4.2 Casting - (100)
3.43 Miscellaneous Techniques - (10D
3.5 Metal Corrosion - (106)
3.5.1 Corrosion - (106)
3.5.2 Protection Methods -+ (106)
3.6 Applications of Metals - (109)
3.6.1 Used as Structural Materials or COMPONENLS «+++x« +eressresensessananeraniniiienaneacceee (109)
3.6.2 Metals in Electrical and Electronics Applications - (110
3.6.3 Metals in Aerospace - (110
3.6.4 On the Road: Metals in Transportation - (11D
3.6.5 Metals and Medicine o (112D
Chapter 4 Polymer Materials - (114
4_1 Classification and Mo]ecular Welght T S S P S P T R R T Y F R TN PR VO N P RO (114)
4.1.1 Basic Terms and Definitions - (114)
4.1.2 Classification and products ««« === -=reeeee - (116)
4.1.3 Molecular Weight -+ . (118)
4.2 Structural Features - (122)
4.2.1 Configuration and Conformation == =««+s-=s=eeve - (124)
4.2.2 Structure-Property Relations -+ (126)
4.3 Basic Properties - (129)
4.3.1 Mechanical Properties eeee (129)
4.3.2 Solution Properties *++-** - (132)
4.4 Preparation and Processing Technology - (134)
4.4.1 Polymer Synthesis =+=«r«=sssresresrssrssm i siiune ittt s s (]34)
4.4.2 Polymerization methods in industry - (136)
4.5 Applications of Polymers o+ (138)



Contents 3 e

45] The POWCI' Of PlaSth sae enesus ese se Rt ees ven eEs e s . (138) !
4.5.2 Greener Plastics from a Greenhouse Gas - (140)
Chapter 5 Composite Materials - (144)
5.1 Introduction =sssessmsreseinnne - (144)
5.1.1 Development History =««ceseseeseeees - (144)
5.1.2 Definition of Composite Material - (144)
5.1.3 Classification of Composite Material - (145
5.2 Constituents of Composite Materials -« ==xereereeeeereees - (146)
5.2.1 Matrix eeee (146)
5.2.2 Reinforcement - (148)
523 Fiber Architecture «----«seeeessseeeensmmemmimninneinis - (152)
5.2.4 Conformation and Structure of Reinforcement - (154
5.3 Properties and Design of Composites - (156)
5.3.1 Mechanical Properties of Resin-based Composites «+«=xererererenreese - (156)
5.3.2 Isotropic and Anisotropic - (159
5.3.3 Rule of Mixtures - (159)
5.3.4 Design of Composites - (160)
5.4 Fabrication of Composites === «+==s=seee - (164)
5.4.1 Surface Treatment of Reinforcement =« ==x=reereserresrrerenatinee - (164)
5.4.2 Polymeric Composites - (164)
5.43 Metal Composites - (169)
5.4.4 Ceramic Composites Manufacture «==«+ === ==ssessessesssssrsssssnsnisnnennsiesiesneesennenees (171)
5.4.5 Carbon/carbon Composites *=«=+==e===+ - (172)
5.5 Application Of COMPOSILES «++++++es+essersesses sansnssis st it sutnnsasies e e e - (173)
5.5.1 Application in Defense and Military Industry Area ««::ess-eesrsssssrimnniinnnniaens (173)
5.5.2 Application in Aerospace Vehicles - (174)
5.5.3  Transport Appheation ==« +++«sssresessersnssnsinecmntonmisnnsnesnes s s (174)
5.5.4 Application in Energy Saving and Environment Protect Fields wsse (175)
Chapter 6 Functional Materials - (178)
6.1 New Energy Materials - (178)
6.1.1 Fuel Cells Materials - (178)
6.1.2 Lithium-ion Batteries Materials - (180)
6.1.3 Solar Cells Materials - (18D
6.1.4 Hydrogen Storage Materials - (184)
6.1.5 Thermoelectric Materials - (186)
6.2 Nanomaterials o (187
6.2.1 Type of Nanomaterials - (188)
6.2.2 Characteristics of Nanomaterials - (189
6.3 Environmentally-friendly Materials(Ecomaterials) <+« ++ceeeee - (193)
6.3.1 Significance of Environmentally-Friendly Materials ==« ««++sveerereeeeens - (193)
6.3.2 Type and Application of Environmentally-Friendly Materials = (194)



e ] e Introduction to Materials

64 Photoelcctfoﬂ Materials 40 ®ee 5 8s He e eN N e RS Bes BaS AAL RS PN SAN NS LEU Re SN AN N SR et FES RS RaN RS AT B
- (196)
- (197

-+ (198)
- (199)

6.4.1 Microelectronic Materials
6.4.2 Photoelectronic Materials

6.4.3 Fiber Optic Communication Materials -+« -« -eseemeeseseecseeans

6.5 Biomedicine Materials

651 Biomeidical Metallic Materiall «vs e ssaees aasss sesd 18 sresay vausss sy sile Susnys Son S5ewes S 1swea s
- (20D
- (202)
- (203)

6.5.2 Biomedical Polymer
6.5.3 Biomedical Ceramics

6.5.4 Biomedical Composite

66 Smal't Y B s u | R R T
66'1 Self‘sensiﬂg Materials B T T T T R E LR T TR TR R T TR

6.6.2 Self-diagnosis Materials v+ ereeeereree
6.6.3 Self-healing Materials «=««+++rrevreeer

66_4 Self—adaptable Materia]s Geb e dcaetaasa st see e ste et aeboansse set
Chapter 7 Ana]yﬁcal Techniques for Materials Research ««--cc-eeerrmmmort it oien

7.1 A Summary of Analysis and Testing Technology for Materials =« --:-=xermereermremnenenaene.

7.1.1 Chemical Composition Analysis «:««es«sseessesaeresrinsins ittt e e
- (216)
we (217
- (219)
- (22D
- (225)
- (225
- (225)
- (228
- (230)

7.1.2 Phase Analysis

7]3 Microstructure Ana]yS]s tasresmEsessasasstrensar e anaanaas ey

7.1.4 Testing for Properties
7.2 X-ray Diffraction and X-ray Fluorescence
7.3 Microscopy

7.3.1 Optical Microscopy

7.3.2 Scanning Electron Microscopy

73‘3 Transmission Electron Mjcroscopy N O T T T T T

7.4 Thermal Analysis

7.4.1 MethOdS S s e e m s e eee tas tuEset s en esn see see ues BeE Nl PBe aes a0 ean ta sae st esaess tassessan s e ens o enn
- (233)
- (234)
- (237)
- (237)
- (238)
- (239)
- (240)
- (24D
- (241)

7.4.2 Phase Decomposition and Phase Transition
7.5 Infrared Spectroscopy
7.6 Test for Mechanical Properties <« «=«=rseeeese
7.6.1 Loading Methods

7.6.2 Tensile Strength ses sesssesssssssassis sandss taaaensesann s nen s

7.6.3 Compresgive Strength r«-swrmereommercmmonser
7.6.4 Bend Strength +eseeeerereerereeee
7.7 Test for Thermal and Electrical Properties
7.7.1 Thermal Conductivity «««===+++sss s sesssserssernnnansiisan

772 Heat Capacity Vs AR R HR R e e B ea i v el e e SREiNe olba MEY Heis Al B Ses/sinn chbde sh RS SNETRES HNS
- (244)

7.7.3 Electrical Resistivity and Conductivity

(196)

(200)

(204)

- (204)
- (205)
- (207)
-+ (208)

- (212)

(212)
(212)

(230)

(243)



Chapter 1 Basic Knowledge on Materials

1.1 An Brief History of Materials

The survival and development of humankind are tightly associated with materials. Materials are probably
more deep-seated in our culture than most of us realized. Transportation, housing, clothing, communication,
recreation, and food production-virtually every segment of our everyday lives is influenced to one degree or
another by materials. The designation of successive historical epochs as the Stone, Copper, Bronze and Iron Ages
reflects the importance of materials. Human destiny and materials resources have been inextricably intertwined
since the drawn of history; however, the association of a given material with the age or era that it defines is not
only limited to antiquity. The present nuclear and information ages owe their existences to the exploitation of two
remarkable elements, uranium and silicon, respectively. Even though modern materials ages are extremely time
compressed relative to the ancient metal ages they share a number of common attributes. For one thing, these
ages tended to define sharply the material limits of human existence. Stone, copper, bronze and iron meant
successively higher standards of living through new or improved agricultural tools, food vessels and weapons.
Passage from one age to another was frequently accompanied by revolutionary, rather than evolutionary, changes
in technological endeavors.

For example, imagine that time is frozen at 1500 BC and we focus on the Middle East, perhaps the world’s
most intensively excavated region with respect to archaeological remains. In Asia Minor (Turkey) the ancient
Hittites were already experimenting with iron, while close by to the east in Mesopotamia (Iraq), the Bronze Age
was in flower. To the immediate north in Europe, the south in Palestine, and the west in Egypt, peoples were
enjoying the benefits of the Copper and Early Bronze Ages. Halfway around the world to the east, the Chinese had
already melted iron and demonstrated a remarkable genius for bronze, a copper-tin alloy that is stronger and
easier to cast than pure copper. Further to the west on the Iberian Peninsula (Spain and Portugal), the
Chalcolithic period, an overlapping Stone and Copper Age held sway, and in North Africa survivals of the Late
Stone Age were in evidence. Across the Atlantic Ocean the peoples of the Americans had not yet discovered
bronze, but like others around the globe, they fashioned beautiful work in gold, silver, and copper, which were
found in nature in the free state (i.e., not combined in oxide, sulfide, or other ores). Figure 1.1 and Figure 1.2
show two outstanding ancient buildings which experienced thousands of years under the real environments, and
kept relatively holonomic structures, demonstrating that application technology of durable materials approached a
high level at the time.

The earliest humans had access to only a very limited number of materials, those that occur naturally: stone,
wood, clay, skins, and so on. With time discovered techniques for producing materials included pottery and
various metals. Furthermore, it was discovered that the properties 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 given, 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
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Figure 1.1 Pyramids Egypt

Figure 1.2 The Ancient Colosseum, Roma, Italy

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 degree, the characteristics of
materials. Thus, tens of thousands of different materials have evolved with rather specialized characteristics that

meet the needs of our modern and complex society; these include metals, plastics, ceramics and fibers.(See

Figure 1.3, Figure 1.4)

Figure 1.3 High Temperature Structural Ceramics Are Often Used in Advenced Aeroengine
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Figure 1.4 Carbon Fiber Reinforced Composites Become Major Structural
Material for Fighter Plane and Large Aircrafts

When the 20th century dawned the number of different materials controllably exploited had, surprisingly, not
grown much beyond what was available 2000 years earlier. A notable exception was steel, which ushered in the
Machine Age and revolutionized many facets of life. But then a period ensued in which there was an explosive
increase in our understanding of the fundamental nature of materials. The result was the emergence of polymeric
(plastic), nuclear, and electronic materials, new roles for metals and ceramics, and the development of reliable
ways to process and manufacture useful products from them. Collectively, this modern Age of Materials has

permeated the entire world and dwarfed the impact of previous ages.

Words and Terms

polymeric adj. REH:REYH

ceramics n. R

aramid n. 75 T W IR WE B 5 — Fh A3 £ 4t
fiber n. g4k L

composites n. EEME

carbide n. gl 7]

nitride n. ALY

cubic adj. SEJT R, SEJT )

1.2 Definition and Classification of Materials

1.2.1 Definition of Materials

The materials making up the surrounding world consist of discrete particles, having a submicroscopic size.

Their behavior is determined by atomic theories. The states of organization of materials range from the complete
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disorder of atoms or molecules of a gas under weak pressure to the almost complete order of atoms in a
monocrystal.

In this introductory work materials are defined as solids used by man to produce items which constitute the
support for his living environment. The definition employed in this introductory work is limited to solid materials.
It excludes liquids and gases, as well as solid combustibles.

Indeed, no object exists without materials. All sectors of human activity depend on materials, from the
manufacture of an integrated circuit to the construction of a hydroelectric dam. They appear in our bodies to
strengthen or replace our damaged biomaterials. Materials are also as indispensable to our society as food, energy
and information. Their essential role is too often forgotten.

It is convenient to classify materials into broad categories for study. Many of the common characteristics of
materials within a category arise from the lowest level of structure, the nature of the atomic bond that holds them
together. The three main types of materials are metallic, polymeric and ceramic materials. Another type of
materials that are very important for modern engineering technology is composite materials, combinations of two
or more of the above three basic material classes. A brief explanation of these material types and representative

characteristics is offered next.
1.2.2 Inorganic and Nommetallic Materials

In many countries, inorganic and non-metallic materials are called ceramics. Normally, ceramics includes
glass, cement (concrete), pottery and porcelain, refractory, and so on, being of a big material family. Ceramic
materials are inorganic materials that consist of metallic and nonmetallic elements chemically bonded together.
Ceramic materials can be crystalline, noncrystalline or mixtures of both. Most ceramic materials have high
hardness and high-temperature strength but tend to be brittle. Advantages of ceramic materials for engineering
applications include light weight, high strength and hardness, good heat and wear resistance, reduced friction and
insulative properties.

The insulative property along with high heat and wear resistance of many ceramics make them useful for
furnace linings for heat treatment and melting of metals such as steel. An important aerospace application for
ceramics is the use of ceramics tiles for the space shuttle. These ceramic materials thermally protect the
aluminum internal structure of the space shuttle during ascent out of and reentry into the earth’s atmosphere.

The ceramics and metals have a similar structure feature on the atomic scale: They are crystalline, which
means that their constituent atoms are stacked together in a regular, repeating pattern. However, ceramics are not
compounds between metallic and nonmetallic elements; they are most frequently oxides, nitrides and carbides.
For example, some of the common ceramic materials include aluminum oxide (or alumina AL O,), silicon dioxide
(or silica, Si0,), silicon carbide (SiC), silicon nitride (Si;N;), and, in addition, what some refer to as the
traditional ceramics—those composed of clay minerals (i.e., porgelain), as well as cement, and glass. With regard
to mechanical behavior, ceramic materials are relatively stiff and string-stiffness and strengths are comparable to
those of the metals (Figure 1.5 and Figure 1.6). In addition, ceramics are typically very hard. On the other hand,
they are extremely brittle (lack ductility), and are highly susceptible to fracture . These 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 metals and polymers. With regard to optical characteristics,
ceramics may be transparent, translucent, or opaque, and some of the oxide ceramics (e.g., Fe;0;) exhibit

magnetic behavior.
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Figure 1.5 Bar-chart of Room Temperature Stiffness (i.e. , Elastic Modulus) Values for
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Figure 1.6 Bar-chart of Room Temperature Strength (i.e. , Tensile Strength) Values for
Various Metals, Ceramics, Polymers, and Composites Materials

1.2.3 Metallic Materials

Metallic materials are normally combinations of metallic elements. They have large number of nonlocalized
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 deformable, which accounts for their extensive use in structural applications. This is a large family
indeed. The bases of the various engineering alloys include the irons and steels (from Fe), aluminum alloys (Al),
magnesium alloys (Mg), Titanium alloys (Ti), Nickel alloys (Ni), zinc alloys (Zn), and copper alloys (Cu) including
the brasses (Cu, Zn).

Metallic materials are inorganic substances that are composed of one or more metallic elements and may
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also contain some nonmetallic elements. Examples of metallic elements are iron, copper, aluminum, nickel and
titanium etc. Nonmetallic elements such as carbon, nitrogen and oxygen may also be contained in metallic
materials. Metals have a crystalline 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 ductile at room
temperature, and many maintain good strength even at high temperatures.

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

titanium and nickel etc.

1.2.4 Polymer Materials

Most polymeric materials consist of organic (carbon-containing) long molecular chains or networks.
Structurally, most polymeric materials are noncrystalline, but some consist of mixtures of crystalline and
noncrystalline regions. The “mer” in a polymer is a single hydrocarbon molecule such as ethylene (C,H,).
Polymers are long-chain molecules composed of many mers bonded together. The most common commercial
polymer is polyethylene - C,H, 5-,, where »n can range from approximately 100 to 1000. Many important
polymers (including polyethylene) are simply compounds of hydrogen and carbon. Others contain oxygen (e.g.,
acrylics), nitrogen (nylons), fluorine (fluoroplastics), and silicon (silicones). As the descriptive title implies,
“plastics” commonly share with metals the desirable mechanical property of ductility. Unlike brittle ceramics,
polymers are frequently lightweight, low-cost alternatives to metals in structural design applications.

The strength and ductility of polymeric materials vary greatly. Because of the nature of their internal
structure, most polymeric materials are poor conductors of electricity. Some of these materials are good
insulators and are used for electrical insulative applications. One of the more recent applications of polymeric
materials has been in manufacture of digital video disks. In general, polymeric materials have low densities and
relatively low softening or decomposition temperatures.

Polymers include the familiar plastic and rubber materials and so on. Many of them are organic compounds
that are chemically based on carbon, hydrogen, and other nonmetallic elements: furthermore, they have large

molecular structures. These materials typically have low densities and may be extremely flexible.

1.2.5 Composite Materials

Composite materials are mixtures of two or more materials. Most composite materials consist of a selected
filler or reinforcing material and a compatible resin binder to obtain the specific characteristics and properties
desired. Usually, the composites do not dissolve in each other, and they can be physically identified by an
interface between them. Composites can be of many types. Some of the predominant types are fibrous
(composed of fibers in a matrix) and particulate (composed of particles in a matrix). Many different combinations
of reinforcements and matrices are used to produce composite materials. Two outstanding types of modern
composite materials used for engineering applications are fiberglass-reinforcing materials in a polyester or epoxy
matrix and carbon fibers in an epoxy matrix.

A number of composite materials have been engineered that consist of more than one material type.
Fiberglass reinforced plastics is a familiar example, in which glass fibers are embedded within a polymeric

material. A composite is designed to display a combination of the best characteristics of each of the component
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materials. Fiberglass acquires strength from the glass and flexibility from the polymer. Many of the recent

developments have involved composite materials.

Words and Terms

discrete adi. BEHEH)  AIELEM
submicroscopic adj.  E VLSS ¥4 Y
molecule S

monocrystal n.  BEGE

ferrous adi. ERBY:BRMY, HEKM
nonerystalline adj. AE&RERR ; AE R A& 0
matrix n. Ak

polyester n. E Al

epoxy adj. EH

epoxy resin n. HEER R

1.3 Substances, Resources and Materials

In chemistry, a chemical substance is a form of matter that has constant chemical composition and
characteristic properties. It cannot be separated into components by physical separation methods, i.e. without
breaking chemical bonds. They can be solids, liquids or gases.

Chemical substances are often called ‘pure’ to set them apart from mixtures. A common example of a
chemical substance is pure water; it has the same properties and the same ratio of hydrogen to oxygen whether it
is isolated from a river or made in a laboratory. Other chemical substances commonly encountered in pure form
are diamond (carbon), gold, table salt (sodium chloride) and refined sugar (sucrose). However, simple or
seemingly pure substances found in nature can in fact be mixtures of chemical substances. For example, tap
water may contain small amounts of dissolved sodium chloride and compounds containing iron, calcium and
many other chemical substances.

Chemical substances exist as solids, liquids, gases, or plasma and may change between these phases of
matter with changes in temperature or pressure. Chemical reactions convert one chemical substance into another.

Forms of energy, such as light and heat, are not considered to be matter, and thus they are not
“substances” in this regard.

Natural resources occur naturally within environments that exist relatively undisturbed by mankind, in a
natural form. A natural resource is often characterized by amounts of biodiversity and geodiversity existent in
various ecosystems.

Natural resources are derived from the environment. Some of them are essential for our survival while most
are used for satisfying our wants. Natural resources may be further classified in different ways.

Natural resources are materials and components (something that can be used) that can be found within the
environment. Every man-made product is composed of natural resources (at its fundamental level ). A natural
resource may exist as a separate entity such as fresh water, and air, as well as a living organism such as a fish,
or it may exist in an alternate form which must be processed to obtain the resource such as metal ores, oil, and

most forms of energy.
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There is much debate worldwide over natural resource allocations, this is partly due to increasing scarcity
(depletion of resources) but also because the exportation of natural resources is the basis for many economies
(particularly for developed nations such as Australia).

Some Natural resources can be found everywhere such as sunlight and air, when this is so the resource is
known as an ubiquitous (existing or being everywhere) resource. However most resources are not ubiquitous.
They only occur in small sporadic areas; these resources are referred to as localized resources. There are very
few resources that are considered inexhaustible (will not run out in foreseeable future)—these are solar radiation,
geothermal energy, and air (though access to clean air may not be). The vast majority of resources are however
exhaustible, which means they have a finite quantity, and can be depleted if managed improperly. The natural
resources are materials, which living organisms can take from nature for sustaining their life or any components
of the natural environment that can be utilized by man to promote his welfare is considered as natural resources.

The materials making up the surrounding world consist of discrete particles, having a submicroscopic size.
Their behavior is determined by atomic theories. The states of organization of materials range from the complete
disorder of atoms or molecules of a gas under weak pressure to the almost complete order of atoms in a
monocrystal.

In this introductory work materials are defined as solids used by man to produce items which constitute the
support for his living environment.

Indeed, no object exists without materials. All sectors of human activity depend on materials, from the
manufacture of an integrated circuit to the construction of a hydroelectric dam. They appear in our bodies to
strengthen or replace our damaged biomaterials. Materials are also as indispensable to our society as food, energy
and information. Their essential role is too often forgotten.

The definition employed in this introductory work is limited to solid materials. It excludes liquids and gases,

as well as solid combustibles.

Words and Terms

biomaterials n. 9k E

biodiversity n. LEYEHNE
geodiversity n. bR Z A
ecosystems n. EERS

1.4 Relationship between Structure, Properties and Processing of Materials

In materials, an underlying truth is: Material properties depend on the material microstructure, which in turn
results from its compositions and processing.

Properties are a category that includes quite a few different things. Many engineers will be inclined to think
first of mechanical strength, or ductility, or impact resistance. Sometimes, this includes such behavior under
extremes of temperature or other external conditions, as well. But properties also includes electrical and thermal
conductivity, optical properties, corrosion resistance, the ability of material to be fabricated into complex shapes
and to be decorated or coated for appearance, and so forth. Properties, then, are the interface between the

requirements of performance and the selection of material by the design engineer.
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1.4.1 Property

We can consider the properties of a material in two categories—mechanical and physical.

The mechanical properties describe how the material responds to an applied force or stress. Stress is
defined as the force divided by the cross-sectional area on which the force acts. The most common mechanical
properties are the strength, ductility, and stiffness of the material. However, we are often interested in how the
material behaves when it is exposed to a sudden intense blow (impact), continually cycled through an alternating
force (fatigue), exposed to high temperatures (stability), or subjected to abrasive conditions (wear). The
mechanical properties not only determine how well the material performs in service, but also determine the ease
with which the material can be formed into a useful shape. A metal part formed by forging must withstand the
rapid application of a force without breaking and have a high enough ductility to deform to the proper shape.
Often small changes in the structure have a profound effect on the mechanical properties of the material.

Physical properties include electrical, magnetic, optical, thermal, elastic, and chemical behavior. The physical
properties depend both on structure and processing of the material. Even tiny changes in the composition cause a
profound change in the electrical conductivity of many semiconducting metals and ceramics.

High firing temperatures may greatly reduce the thermal insulation characteristics of ceramic brick. Small

amounts of impurities change the color of a glass or polymer.

1.4.2 Structure

The structure of a material usually relates to the arrangement of its internal components. Subatomic
structure involves electrons within the individual atoms and interactions with their nuclei. On an atomic level,
structure encompasses the organization of atoms or molecules relative 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 subject to direct observation using some type of microscope. Finally, structural elements

that may be viewed with the naked eye are termed “macroscopic.”

1.4.3 Processing

The term synthesis refers to how materials are made from naturally occurring or man-made chemicals. The
term processing means how materials are shaped into useful components to cause changes in the properties of
different materials.

Materials processing produces the desired shape of a component from the initial formless material. Metals
can be processed by pouring liquid metal into a mold (casting), joining individual pieces of metal (welding,
brazing, soldering, adhesive bonding), forming the solid metal into useful shapes using high pressures (forging,
drawing, extrusion, rolling, bending), compacting tiny metal powder particles into a solid mass (powder
metallurgy), or removing excess materials (machining). Similarly, ceramic materials can be formed into shapes by
related processes such as casting, forming, extrusion, or compaction, often while wet, and heat treatment at high
temperatures to drive off the fluids and to bond the individual constituents together. Polymers are produced by
injection of softened plastic into molds (much like casting), drawing and forming. Often a material is heat treated
at some temperature below its melting temperature to effect a desired change in structure. The type of processing

we use depends, at least partly, on the properties, and thus the structure, of the material.



