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Objectives of today’s lecture

JUnderstand Materials Classification

JUnderstand fundamental ‘Material Properties’

JUnderstand Material Selection Process

*Metallic materials are primarily discussed
** The structures of investigation may be in various scales (micro, nano, ...)




MSE: an Introduction

IProfessor Turner teaches a similar lecture using the
same textbook but fully in English.

This lecture covers a wide range of topics related
with Materials Science & Engineering.

IMore advanced lectures require the basic
understandings on various aspects discussed in this
lecture — | am saying that this lecture is very very
important!




Materials Science and Engineering

Engineering (& 20| 2t?)

»The branch of science and technology concerned with the design,
building, and use of engines, machines, and structures.

Materials Science (A = 1t<h)

» Study the relationships between the structures and properties of
materials.

»Structure exist in various scales (nano-, micro-, macro)

IMaterials Engineering (Al 2 & <)

» Design/engineer the structure that meets the set of desired
properties.

» Create new products using existing materials / develop technique for
processing materials




History of human tied to history of materials
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Materials for engineered devices/tools

_IRaw materials in nature

Materials Science?
- New materials?
- Understand what determines a material property

- Develop a way to ‘improve’ it using the knowledges




Materials for engineered devices/tools

_IRaw materials in nature. Engineered
materials

_IEngineering devices / products are usually
consisting of various components

»Cars made of metals, polymers ...
»Mobiles phones?
»Even hammers?

»Combinations of various materials (why?)

_IEngineered Materials constitute the world
»Vehicles, Aircrafts (transportation)

» Mobile devices (communication)

» Bridges/Buildings (Infrastructure)




Raise your mobile d

evice and tell me what materials you see

_ICeramics
IMetals
JPolymers
JComposites

JAdvanced materials
»Semiconductor
» Biomaterials
»Smart materials
»Nano-engineered materials

Image from

ELEMENTS OF A SMARTPHONE
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OELECTRONICS

Copper is used for wiring in the
phone, whilst copper, gold and silver
are the major metals from which
microelectrical  components  are
fashioned. Tantalum is the major
component of micro-capacitors.

Indium tin oxide is a mixture of
indium oxide and tin oxide, used
in a transparent film in the screen
that conducts electricity. This allows
the screen to function as a touch
screen.
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Oxygen

Nickel is used in the microphone as well
as for other electrical connections. Alloys
including the elements praseodymium,
gadolinium and neodymium are used
in the magnets in the speaker and
microphone. Neodymium, terbium and
dysprosium are used in the vibration unit.

The glass used on the majority of
smartphones is an aluminosilicate
glass, composed of a mix of alumina
(A1,0,) and silica (Si0,). This glass
also contains potassium ions, which
help to strengthen it.
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Tin & lead are used to solder

electronics in the phone. Newer lead-

free solders use a mix of tin, copper =
and silver.

Pure silicon is used to manufacture
the chip in the phone. It is oxidised
to produce non-conducting regions,
then other elements are added in
order to allow the chip to conduct
electricity.

A variety of Rare Earth Element
compounds are used in small
quantities to produce the colours
in the smartphone’s screen. Some
compounds are also used to reduce
UV light penetration into the phone.
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Magnesium compounds are alloyed to make
some phone cases, whilst many are made
of plastics. Plastics will also include flame
retardant compounds, some of which contain
bromine, whilst nickel can be included to
reduce electromagnetic interference.

The majority of phones use lithium ion batteries,
which are composed of lithium cobalt oxide as a
positive electrode and graphite (carbon) as the
negative electrode. Some batteries use other
metals, such as manganese, in place of cobalt.
The battery’s casing is made of aluminium.

Aluminium
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Elements

Explore the chemical elements through this periodic table

Group 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

*Lanthanoids

**Actinoids




Cases of material failures




Example 1: Landing gear

Materials used for aircrafts usually are lightweight metals (several types of

aluminum alloys are most widely adapted).
However, a large portion of a landing gear is made of steels. By the way, steels

are a lot heavier than aluminum.
Then, why do the aircraft manufacturers decide to use ‘steel’ rather than

aluminum?




Example 2: Housing for mobile devices




Example 3: Car-body?

Magnesium




Example 4: beverage container

The role of container? (Questions)

Advantages and Disadvantages? (Questions)




Materials "Science” and Materials “Engineering”

Processing

—

Structure

—

Properties

——

Performance

Figure 1.1 The four components of the discipline of materials science and
engineering and their interrelationship.




Example: Mechanical (microstructure)

* Properties depend on structure
ex: hardness vs. (micro) structure of steels

600 -

500 -

Data obtained from Figs. 12.31(a) and 12.32 with 4
wt% C composition, and from Fig. 17.8, Callister &
Rethwisch 9e. Micrographs adapted from (a) Fig.
12.19; (b) Fig. 11.29; (c) Fig. 12.33; and (d) Fig.

12.21, Callister & Rethwisch 9e. (Figures 12.19,
12.21, & 12.33 copyright 1971 by United States Steel
Corporation. Figure 9.30 courtesy of Republic Steel
Corporation.)
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» Processing can change structure
ex: structure vs cooling rate of steel
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Examples:

Optical
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Figure 1.1 The four components of the discipline of materials science and
engineering and their interrelationship.




Examples: Electrical

 Electrical Resistivity of Copper:

Fig. 19.8, Callister & Rethwisch 9e.
[Adapted from: J.O. Linde, Ann Physik 5, 219 (1932); and
C.A. Wert and R.M. Thomson, Physics of Solids, 2nd
5 - edition, McGraw-Hill Company, New York, 1970.]
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« Adding “impurity” atoms to Cu increases resistivity.

» Deforming Cu increases resistivity.




DETERIORATIVE

e Stress & Saltwater... ° Heat treatment: slows

- causes cracks! crack speed in salt water!
® 10'8A— “as-is”
£ “held at
3 — / 160° Cfor 1 hr
Q before testing”
) 1 0_1 o Alloy 7178 tested in
X saturated aqueous NaCl
S solution at 23° C
5 | | | | | | >

Increasing load

Fig. 18.21, Callister & Rethwisch 9e.

(from Marine Corrosion, Causes, and Prevention, Adapted from Fig. 11.20(b), R.W. Hertzberg, "Deformation and

John Wiley and Sons, Inc., 1975.) Fracture Mechanics of Engineering Materials" (4th ed.), p. 505,
John Wiley and Sons, 1996. (Original source: Markus O.
Speidel, Brown Boveri Co.)




What would be your future role?

JImagine that you are a team member working in a mobile phone
manufacturing company. Your mission, as a senior material engineer, is
to correctly choose materials to be used in a new mobile phone targeted
to launch in year 2020.

»What factors should be considered?

» Certain performance guidelines?

»You are expected know what materials are available from the material suppliers

IMaterials Classifications
» Metals
» Ceramics
» Polymers

> New materials?




Types of Materials

* Metals:
— Strong, ductile
— High thermal & electrical conductivity
— Opaque, reflective.

° Polymers/plastics: Covalent bonding = sharing of electrons
— Soft, ductile, low strength, low density
— Thermal & electrical insulators
— Optically translucent or transparent.

« Ceramics: ionic bonding (refractory) — compounds of metallic &
non-metallic elements (oxides, carbides, nitrides, sulfides)

— Brittle, glassy, elastic
— Non-conducting (insulators)




What is a material property?

D St re ngth ? Stimuli and respo‘tse
_IDensity? "

_IElectric/thermal conductivity

DExampIe: %Egr _?_7-”94 Xl-ol Mechanical shock is
converted to electricity

Piezoelectric Element

Gas

_ <




What properties matter?

-!Mechanical
-!Electro-magnetism
-!Chemical
Thermal

! Optical

...
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Reading Assignment

IChapter 1 of the text book.




