
I
Prof. Joo- Hwan Han

ǯ : W. D. Callister, Jr., ƛ ƛ Ɣ 10 , ʗ

1 : 1st week

2 : 2- 3rd weeks

3 : 4 th week

4 : 5 th week

5 : 6 th week

6 : 7th week

7 : 9 th week

8 : 10 th week

9 : 11th week

10 : 12th week

11 : 13- 14th week



1. ~: £ 40%, ˏ 40%, 10%, 10%

2. : 1» pdf ´

4. ŏ8 ŏ ἑ F, (ʛď -ˏ ſ ˫ )

5. ₩: 5 ˫

6. : / , (ϝ Ŝ ), ( ǯ) 

ǯ: 409 810 -3992



1 : Introduction

1- 1 Historical Perspective

Brief Historical Overview

Paleolithic (40,000- 100,000 yrs ago): Stone tools and clay pots

Mesolithic (10,000- 40,000 yrs ago): Extensive use of stone tools and clay,
stone statues, ochre (pigment)

Copper Age (5,000- 10,000 yrs ago): Copper ornaments, earthenware,
metal smelting

Bronze Age (3,000- 5,000 yrs ago): Bronze (Cu/Sn), glass, iron smelting

Iron Age (1000- 3000 yrs ago): Carburized Iron, improved forging, Porcelain

Steel and concrete (100 1˾000 yrs ago)

Polymers (beginning early 1900s)

Silicon (60s )˾

The present : Age of bio- and nano- materials?

Materials can define society !!



The discipline of materials science involves investigating the relationships that

exist between the structures and properties of materials .

Structure : the arrangement of its internal component .

- Subatomic structure : electrons within the individual atoms and interactions with their nuclei.

- molecular/crystal structure : the organization of atoms or molecules relative to another .

- Microscopic structure : larger groups of atoms that are normally agglomerated together .

- Macroscopic structure : structural elements that may be viewed with the naked eye.

Property : a trait in terms of the kind and magnitude of response to a specific imposed

stimulus . (independent of material shape and size)

- mechanical / electrical / thermal / magnetic / optical / deteriorative

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 .

1- 2 Materials Science and Engineering



Materials Science :
Investigating the relationship between structure
and properties of materials .

Materials Engineering :
Designing the structure to achieve specific
properties of materials .



Al2O3 Al2O3 Al2O3

Single crystal Poly crystal Poly crystal (not full dense)



Properties depend on structure !!
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1- 3 Classification of Materials

Bonding Properties Applications

Metals Metallic
- High electrical/thermal conductivity
- High ductility, Rel. high strength
- Poor corrosion resistance

- Electrical conductor
- Automobile engine blocks
- Wrenches 

Ceramics
Ionic

/
Covalent

- High strength, stiffness, and hardness
- High thermal, wear, and corrosion 
resistance
- Low electrical / thermal conductivity

- Window glass
- Refractories
- Transducers 

Polymers
Covalent

Van der Waals
- Extremely flexible
- Low electrical / thermal conductivity

- Food packing
- Encapsulation of IC

Composites
- Properties unobtainable in single 
component

- Aircraft components
- Cutting tools



2 Atomic Structure and Inter - atomic Bonding



Atom = Nucleus(=Protons + Neutrons) + electrons

Charge=1.60* 10-19C

Mass=9.11* 10-31 Kg for a electron / 1.67* 10-27 Kg for a proton or neutron

Atomic number(Z) : The number of protons in the nucleus

Neutron number(N) : The number of neutrons in the nucleus

Atomic Mass Unit (amu) = defined as 1/12 the atomic mass of carbon (12C6)

C6=6protons+6neutrons=12(protons and neutrons)

= the mass of a proton or neutron(1.67* 10-27 Kg)

C6=12(protons and neutrons)=12 amu

Atomic mass(A) : The sum of masses of protons and neutrons within the nucleus = Z+N

1 amu=1.67* 10-24 g => 1g=(1.67* 10-24)-1 amu = 6.023* 1023 amu = Na amu

1 mole of C6 = Na * C6 = Na * 12 amu = 12g

1 mole of O8 = Na * O8 = Na * 16 amu = 16g

Atomic Structure

2- 2 Fundamental Concepts



2- 3 Electrons in Atoms

(1) Bohr atomic model
(2) Wave- mechanical model

: Electron as a particle and
its quantized energy levels

: Electron as a wave and
its quantized energy levels
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2- 4 The Periodic Table

Electron Configurations





Atomic Bonding in Solids
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2- 5 Bonding Forces and Energies



Tm is larger if Eo is larger .
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Coefficient of Thermal Expansion (CTE) , a
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Table.  Bonding energies and melting temperatures for various 
substances



2- 6. Bonds

Classifications Source Examples

Primary 
Bonding
( )

Metallic Bonding Free electron clouds Jg* L_* Ke*

Ionic Bonding
Transferred

localized electrons
NaCl, MgO, H2M*

Covalent Bonding Shared electrons C, Si, SiC* F2, O2, CH4*

Secondary 
Bonding
( )

Van der Waals
Bonding

Induced dipoles Ar:Ar, H2:H2, N2:N2, CH4:CH4*

Hydrogen Bonding Permanent dipoles H2O:H2O, HCl:HCl*



2- 6 Primary Interatomic Bonds

Ionic Bonding
Covalent Bonding

Metallic Bonding



Metallic Bonding

Rfc t_jclac cjcarpmlq md _rmkq _pc egtcl sn rm dmpk _lelectron cloud mpsea 
of electrons * ufgaf qsppmslb nmqgrgtc gmlq,

Total charge of free electrons = net positive charges of metal ions
Non- directional bonding
Good conductor for both electricity and heat due to the free electrons



Covalent Bonding

Bonding between atoms: very strong
Bonding between molecules: very weak (low m.p.)

Covalently bonded materials :
Diamond, C, Ge, Si, SiC, Si3N4, B4C, GaAs

Covalently bonded, but molecular materials :
Methane CH4 (atomic E o=396KCal/mol, but molecular E o=2.4Kcal/mol thus m.p.=-/61 '



2- 7 Secondary Bonding : between molecules

Weak bonding in comparison to the primary bonding
&`mlbgle clcpew /. IH-kmj; .,/ cT-_rmkq'

Secondary bonding exists between virtually all atoms or molecules.
(for the atoms with filled outer shells, such as inert gases or covalently bonded molecules)

Ex) Ar- Ar,
H2- H2,
Cl2- Cl2

Fluctuating Induced Dipole Bonds (Vibration)

(1) Van der Waals Bonding 

Polar Molecule- Induced Dipole Bonds



Arrangement of Water (H 2O) Molecules

(2) Hydrogen Bonding 

IceWater

Ex) HF- HF
HCl- HCl
H2O- H2O

Permanent Dipole Bonds



3 The Structure of Crystalline Solids



3- 1 Fundamental Concepts

Crystalline Materials: long - range order exists

Non- crystalline Materials: short - range atomic order

crystalline SiO 2 noncrystalline SiO 2



3- 2 Unit Cell - The basic structural unit of a crystal structure 

P̯arallelepipeds or prisms having three sets of parallel faces

C̯rystal structure is represented by translations of unit cell

FCC, BCC, or HCP



3- 3 Metallic Crystal Structures

Simple Cubic Structure (SC)

=0.52

C̯oordination number : 6
The number of nearest neighbor atoms



Body- Centered Cubic Structure (BCC)

Coordination Number = 8

APF = 0.68

Atoms in a unit cell = 2



Face- Centered Cubic Crystal Structure (FCC)

Coordination Number = 12

APF = 0.74

Atoms in a unit cell = 4

2P; 0 _APF = 4*(4/3 R3)/a3
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Hexagonal Close- Packed Structure (HCP)

Coordination Number = 12

APF = 0.74 c/a = 1.633

a ; 0(f* _;0(P ufcpc f;P &6-1'
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3- 4 Density Computation - Metals

Atomic Weight * No. of Atoms

Density = ------------------------------------------

Unit Cell Volume

Molar Atomic Weight * No. of Atoms

Density = ---------------------------------------------------

Slgr Acjj Tmjskc ( ?tme_bpm q Lm,

or



3- 5 Polymorphism and Allotropy

- Polymorphism: 
the ability of a solid to exist in more than one form of crystal structure
(SiO2: Quartz - Trydymite, ZrO 2: Monoclinic- Tetragonal - Cubic, BN: cBN- hBN)

Allotropy: 
polymorphism found in elemental solids

(C: graphite(low P) - diamond(high P), Fe: BCC(RT)- FCC(High T))



3- 6 Crystal Systems

- Lattice parameters : 
Edge lengths(a, b, c) and Inter - axial angles ( )

: Classification of the external appearance of unit cells
1. Cubic
2. Tetragonal
3. Orthorhombic
4. Hexagonal
5. Rhombohedral
6. Monoclinic
7. Triclinic



Originals Derivatives

a=b=c, = = =90 : Cubic a=b=c, = = 7. : Rhombohedral

a=` a, = = =90 : Tetragonal a=` a, = =90, =120 : Hexagonal

_ ` a, = = =90 : Orthorhombic

_ ` a, = ;7. : Monoclinic

_ ` a, 7. : Triclinic

Crystal Systems







3- 7 Crystallographic Directions : defined as a vector between two points

V = u a + v b + w c   :   [uvw] Its family : <uvw>



Ystu[ Ys(t(r(u([

u* = n(2u - v)/3

v* = n(2v - u)/3

t* = - (u*+v*)

w* = nw





3- 8 Crystallographic Planes

Kgjjcp Glbgacq8 &fij' Pcagnpma_j md glrcpacnrq

Its family : {hkl}
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3- 9 Close - Packed Crystal Structures







3- 10 Single Crystals and Polycrystalline Materials

Single Crystals
: A crystalline solid for which the periodic and repeated atomic pattern extends

throughout its entire arrangement without interruption

Polycrystalline Materials
: Crystalline solids composed of a collection of many small crystals or grains

- Crystallographic orientation varies from grain to grain

- Grain Boundary

: the interface separating two adjoining grains having different atomic
orientations





3- 11 Anisotropy

: exhibits different values of a property 
in different crystallographic directions  Isotropy



3- 12 X - ray Diffraction: Determination of Crystal Structures
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3- 13 Noncrystalline Solids

Lack of a systematic and regular arrangement of atoms over relatively
large atomic distances



4 Imperfections in Solids



4- 1 Introduction

Point Defects
- Intrinsic Point Defects : Vacancies, Interstitials
- Extrinsic Point Defects : Substitutional, Interstitial Impurities

Linear Defects
- Dislocations: Edge dislocations, Screw dislocations

Planar Defects
- Twin Boundaries, Stacking Faults
- Grain Boundaries, Surfaces, Inter - phase boundaries

Volume Defects
- Pores, Cracks, Inclusions, Second Phases

[Imperfections in Solids]



4- 2 Point Defects

(a) Intrinsic (b) Extrinsic

Solid Solution
Substitutional solid solution

Interstitial solid solution

Vacancies
Self - Interstitials

Substitutional Impurities
Interstitial Impurities

4- 3 Impurities in Solids





4- 4 Linear Defects : Dislocations

Edge dislocation : The lattice distortion produced in the vicinity of the end of an extra 
half - plane of atoms within a crystal
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Screw dislocation : The lattice distortion created when normally parallel planes are 
joined together to form a helical ramp. 

b
C

linendislocatiob _//
C





4- 5 Interfacial Defects

External Surfaces : Surface atoms are not bonded to the maximum number of
nearest neighbors, and are therefore in a high energy state than the atoms at inner
positions .



Grain Boundaries : 

High angle grain boundary Low angle tilt boundary





Twin Boundaries : A special type of grain boundary across which there is a specific
mirror lattice symmetry .

Stacking Faults, Phase Boundaries : An error in the stacking sequence of close - packed
planes . Ex) ABCABABCABC --- in FCC



Ṹ



4- 6 Microscopic Examination

Optical Microscopy :
- Grinding - > Polishing - > (Thermal/Chemical) Etching - > Observation

Fig. Microstructure of Brass X60



Fig. Microstructure of Fe - Cr alloy X100



Electron Microscopy : 

- Scanning Electron Microscope (SEM) : Secondary/Back - scattered Electron - > Topology

- Transmission Electron Microscope (TEM/STEM) : Transmitted Electron - >crystallography

- Scanning Probe Microscope (SPM) : Atomic Resolution





5 Diffusion ( - )



5- 1 Introduction Diffusion : Movement of atoms within a material

- Self- diffusion : diffusion in pure solid materials
- Interdiffusion : diffusion in alloys



5- 2 Diffusion Mechanism

Conditions for Diffusion :
(1) an empty adjacent site
(2) sufficient energy to break bonds with its neighbor atoms

(vibration by thermal energy)
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5- 3 Diffusion Equations
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Carburizing Furnace
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5- 4 Activation Energy for Diffusion

Vacancy Mechanism

Interstitial Mechanism
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5- 5 Factors that Influence Diffusion



6 Mechanical Properties of Metals



6- 1 Concepts of Stress and Strain

(1) (Engineering) Stress (s) : The instantaneous load applied perpendicular to the cross-
section area prior to any deformation .

(2) (Engineering) Strain (e) : The change in guage length of a specimen to its original
guage length in the direction of the applied stress.

(3) Shear Stress (t) : The instantaneous shear load parallel to the upper and lower
faces, each of which has an area of Ao.

(4) Shear Strain (g) : The tangent of shear angle that results from an applied shear
load.

oA

F^=s [Mpa=10 6 N/m 2]

o

oi

l

ll -
=e [Dimensionless]

oA

F//=t [Mpa=10 6 N/m 2] qg tan= [Dimensionless]




