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® Book:
Materials engineering, science, processing and design
Michael Ashby, Hugh Shercliff, David Sherbon
Elsevier Butterworth-Heinemann (Oxford 2010)
— Chapters 1-11 Tentamenstof

® Supporting lecture notes:
Based on PowerPoint notes by Prof. John Barnard,
University of Pittsburgh (Blackboard)

® Supporting software:
CES EduPack Eco Edition 2011 (Blackboard)
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Schedule 2011-2012
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® Wednesdays + Fridays, 10:45 am - 12:30 pm
® First class on Friday 9 September

® | ast class on Wednesday 26 October

® 14 classes

® Perhaps extra class on Friday 28 October

® Office hours: Fridays 4pm-5pm, appointment
by e-mail only (B.J.Thijsse@tudelft.nl), max 15
minutes
® | handle course content and personal requests,
Q not organizational matters
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Schedule 2011-2012

# Day Date 2011 Book chapter Special
1 Fri 9 Sep Introduction, Ch 1
2 Wed 14 Sep Ch2
3 Fri 16 Sep Ch3
4 Wed 21 Sep Ch4
5 Fri 23 Sep Ch4,Ch3s
6 Wed 28 Sep Chs
7 Fri 30 Sep Ché
8 Wed 5 Oct Ch6,Ch7
9 Fri 7 Oct Ch7
10 Wed 12 Oct Ch8g
11 Fri 14 Oct Ch9
12 Wed 19 Oct Ch 10
13 Fri 21 Oct Ch1l
14 | Wed 26 Oct Chl1l
15 Thu 28 Oct reserve
1
XX Nov Examination
XX Jan Re-examination
(2" opportunity)
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Homework, Testing, Exam
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® Homework

— Yet to be decided
® Testing

— In class exercises for self-assessment

— Peer Instruction (Harvard, USA)

— Laptops, iPads, smart phones for internet connection
® Exam

— Open Book, no communication devices allowed

(iPads, smartphones)
&y

e
TUDelft




Lab class
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® | ab class Materiaalkunde | (WB6101-11 D2)
— Self-contained and independent part of the course

— Final grade for WB6101-11:
® 80% Exam grade + 20% Lab grade
® Only if both are 5 or higher

— Lab class organized by Dr Ton Riemslag and team
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Rules
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® Use of laptops, iPads, e-readers in class:
allowed - but no sound

® Use of phones in class: allowed only for
connection to the Internet — but no sound

&y,
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What’s so important about materials?

Intro

® Materials are relevant to your life

— Think about it
® From baby carriage to rollator

QYML fuDelft

Why should engineers bother?

ToToo e | e

® Engineers make things

® They make them out of materials
— What are important materials properties in mechanical
engineering?
— Why are different materials different?
— How will materials behave under extreme conditions?
— How can engineers change or create materials?
— How can the best materials for a given device be

selected?
By
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Materials Properties and Choices

Petrol, LPG and hybrid-engine cars
10
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Materials in the news

Ferrari roept 1250 auto's terug

ANP/AFP op 02 september ‘10, 08:14, bijgewerkt 02 september ‘10, 09:52

http://www.mrs.org

MRS Bulletin August 2011

Mussel adhesive inspires tough coating
for living cells

Taking a cue flom shellfish, scientists in Korea have
developed a coating that could protect iving cells
during long exposures to intense heat, dryness and
other hostie conditions. In the Joumal of the American
Chemical Society, Insung S. Chol and colleagues
report thatan organic material called polydopamine,
which is a chemical analogue of mussel adhesive,
protected yeast oells from cell-digesting chemicals
while slowing down their rate of cell division, thereby
prolonging their ife cycies. The hers liken the coating 1o the armor

spores of some bacterial cells, making them difficultto kil Polydopamine could be used to
encapsulate individual cells to create tiny chemical probes, single-cell chemical faciories, and
perhaps armor for ransplanted cells used in anti-cancer therapies.

Felipe Massa poseert bij een Ferrari 458 ltalia (EPA)

ROME - De ltaliaanse autofabrikant Ferrari roept wereldwijd 1250 auto's van
het type 458 Italia terug naar de garage, omdat de voertuigen in brand
kunnen vliegen. Dat heeft Ferrari bekendgemaakt.

De terugroepactie gaat over auto's die zijn gemaakt voor juli 2010. Ferrari begon
vorige week een onderzoek, nadat vier voertuigen van het type 458 ltalia in brand
waren gevlogen. Dat gebeurde in de Verenigde Staten, China, Frankrik en
Zwitserland.

De problemen worden veroorzaakt door een lijm waarmee de hitteschilden zijn
aangebracht. Die lijm kan viam vatten bij extreme hitte.

@ A quasicrystalline-coated pan (right) compared with a Teflon-coated pan (ieft). |




Materials in a global perspective

Communication
Transportation
Information

Energy

Art and design
Consumer products
Sports

Medicine

Security
Infrastructure
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ankind depends on materials
|

Introduction, page 17

Second World War —

Organic Chemistry and

Solid State Physics —
Polymers and Semiconductors

Napoleontic wars —
Inorganic Chemistry and
Electrochemistry —
New metals
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Biopol biopolymers (1990)
PEEK, PES, PPS (1083)
LLOPE (1980)
Polysulone, PPO (1965)
Polyimides (1962)
Acetal, POM, PG (1958)
PP (1957)
HOPE (1959)
PS (1950)
Lycra (1949)
Formica (1945)
PTFE (Teflon) (1943)
PU, PET (1941)
PMMA, PVG (1933)
Neoprene (1931)
Synthetic rubber (1922)
Bakeio (1909)
Alumina ceramic (1890)
Celluose acetate (1872)
Ebonite (1851)
Reinforced concrate (1849)
Vulcanized rubber (1844)
Gellulose nitrate (1835)

Rubber (1550)

Gutta percha (800)

Tortoiseshell(400)
Paper (105)

Hom (50 BC)
Amber (80 BC)
Lacquer (1000 BC)
Papyrus (3000 BC)
Glass (5000 BC)
Cement (5000 BC)
Potery (6000 BC)

Wood (prehistory)
Stone, fint (prehistory)

) N e g

Date

I 2000 AD

[ 1980 AD

[ 1960 AD

[ 1940 AD

1920 AD

[ 1900 AD

[ 1850 AD

[ 1800 AD

[ 1500 AD

[ 1000 AD

500 AD

| oBC/AD

1,000 BC

10,000 BC

L 100,000 8C J

(1980 - present) molecular
Nano materials age

|— (1985) “Warm" Age of
superconductors polymers

(1962) Carbon fibers, CFRP
f (1961) Shape memory alloys.

|—— (1957) Amorphous metals

(1947) Transistor-grade silicon
= (1947) Superalloys

X (1909-1961) Actinides™
\_ (1942) GFRP

(1940) Pitonium*
[ (1628-145) Lanthanides*

| /- (1912)Stiness stce Age of
(1890) Aluminum production  steel

[/ (1880) Glass fber

(1856) Bessimer steel
(1823) Sifcon *
(1808) Magnesium, Aluminum*
(1791) Strontiu, Ttanium"
(1789) Uranium®
(1789) Tungsten’, Ziconium"
(1765) Crucbile stee!

=~ (1751) Nicker*

IR\ (1746) Zinc*
“& (1737)Caat
_\— (1735) Platinum*

(1500) Iron smelting

Iron age
(1400 8C) Iron
I /- (@500 8¢) Bronze
|/~ (5500 8) Tin Bronze age
[=— (4000 60) Siver e
S\ (5000 BC) Smetted pRsiey!
copper
\_ (7000 BC) Native copper
(20,000 BC?) Gold Stone age
wercs
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Introduction, page 18

Dependence is dangerous

Materials
Energy

Fresh water

Atoomnummer en commercieel gebruik
21 scandium  Sc Stadionverlichting

39 vitrium Y Lasers

57 Lanthaan La  Accu's elektrische auto’s
58 Cerium Ce Lenzen poljsten

59 Praseodymium Pr  Zoeklichten, viiegtuigen

60 Neodymium Nd Supersterke magnef

61 Promethium  Pm Rontgenapparatuur
Glas

62 samarum  Sm
63 Europium Eu Compacte fluorlampen
64 Gadolinum  Gd Neutrolenradiografie

65 Terbium b Supersterke magneten
& Dysprosium Dy

67 Holmium Ho Glaskleuring

68 Erbium Er Metaallegeringen

69 Thullium m Lasers

70 Ytterbium Yb Roestvrij staal

71 Lutetium L Geen

&y,

Critical elements

1970 1980

2000
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Non-renewable materials

T | e

0% Dependence on non-renewable materials 100%
Siconbased Date
i ilicon-basec i i i .
Dependence is dangerous jon 2ased R (Vs Tl e Materials consumption in US:
controls all commerce dependence on
and life non-renewable
) Oil-based polymers 1980 AD materials
Materials displace natural fibers, 10* kg/person/y
pottery and wood
Energy I 1960 AD

Metals become the
F h dominant materials
resh water of engineering t 1940 AD

Aluminum displaces

wood in light-weight [ 1920 AD
design
Concrete displaces |- 1900 AD
wood in large structures
F 1850 AD

Cast iron, steel displace
wood and stone in

SIIGHiTeS [ 1800 AD, Start of the
industrial revolution

[ 1500AD
The “dark ages”—
L 1000 D 4 little material
development
I 500AD
Wrought iron
|- 0BC/AD 4 displaces bronze
Copper, bronze
I 1,000 BC displace bone

and stone tools

Total dependence [ 10:000 BC
~&--- onrenewable ,‘
YML pateras L100,000 BC weace TU D e | ft

0% Dependence on non-renewable materials 100%

Class testing
T | |

Primary power

® Example of Peer Instruction | censumetion

kW

Electric razor 0.03
® Suppose that | have EE— o
Candle 0.1

just presented this Cooton o
power consumption Bioyole (extra | 0.4

food)

table Kitchen gas 2

burner

Vacuum cleaner 3

Full train per seat | 8

Hot shower 10
TP Anywhere: Window—Showbar Medium CV 20
heater
TP Anywhere: Window—Responseware Full car per seat 20

(B.J.Thilsse@tudelft.nl, Gavia incident)
YM Full plane per 350

L seat
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Answering via the internet

Introduction, page 21

http://www.rwpoll.com
User: B.L.Thijsse@tudelft.nl

Password: Gavia incident ResponseWare
Session ID: 467452 ( Get New Session ID )
. —
Welcome: (Logout

Teacher login

Status
Number of Connections: 1

Average Response Time: 523 ms

Student login

Welcome Welcome to Session 467452 m‘m:’m“" produces more light?
P oL

2]s
3| Both the same amount

Yease walt for your presentor to open poling.

e
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What is the power consumption in Holland,
expressed as a 24/7 continuous rate?

Introduction, page 2_2

1. 60 W per person
2. 600 W per person
3. 6 kKW per person
4, 60 kW per person

A

Question List --> Open Question List
Window --> Showbar

e
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Materials in a high-level road bike

S

@ YMI- Wilier Cento (2006) 'I"‘U Delft

Which material is not present in the bike?
|

. Metal

. Semiconductor
. Gas

. Composite

. Liquid

. Ceramic

. Liquid crystal

. Polymer

. They’re all there

OO NOOTPkWN —
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Useful background information
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® Periodic system
® Units and conversion

® Energy data
— From: Jo Hermans, Energie survival gids (2009)

Y fupelrt

Periodic system

Introduction, page 2_6

GROUP Periodic Table of the Elements

1A

[ soiss
[ Liouids
[ cases

[ Artincialy Propared

IVA VA VIA VIA—— VIIA — 1B
25 26 |27 29

PERIOD
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Units and conversion

Energy units conversion Prefixes
kWh MJ kecal eV Z | zetta | 102 trijard
kwh 1 36 860x102 [225x10% | [E o |10 trifoen
MJ 0.278 1 2.39x102 | 6.24 x 1024 P | peta 1075 | quadilion | bijard
kcal | 1.16x 102 | 4.18x 103 1 2.61 x 102 T e 102 | trillion bifoen
eV | 445x1026 | 1.60x 1025 | 3.83 x 1023 1 G| goa 10° | bilion mijiard
Time units conversion M| mega | 106 | million millioen
N h d Y Other units conversion tables in book
s 1 2.78x10* | 1.16x 105 | 3.16 x 10-8 | | Ashby (inside back cover)
h | 3.60x10° 1 417 x102 | 1.14 x 10~ | | Stress, pressure
d | 864x10¢ 24 1 2.74x 10 | | Power

3.16 x 107 8.77 x 108 3.65 x 102 1

QYML fuDelft

Energy usage and population

Energy usage per person Population (2009)

World USA EU Netherlands World 6.79 x 10°

2005 2005 2005 2006 China 134 x 109
Ratio 0.38 1.79 0.80 1

EU 5.00 x 108

Joules 74GJly | 350GJdly | 156 GJy | 196 Gy

203 MJ/d | 961 MJ/d | 428 MJ/d | 538 MJ/d USA 3.07 x 108
Liters oil 51/d 251/d 11 1/d 14 1/d Netherlands | 1.67 x 107
Continuous kW 2.3 kW 11.1 kW 4.9 kW 6.2 kW Delft 9.62 x 104
In terms of food 55 x
Fossil 81 % 86 % 79 % 95 %
Nuclear 5% 8 % 14 % 4%
Renewable 14 % 7 % 7 % 1%

e
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Energy production and conversion

Energy and CO, production of fossil fuels Conversion efficiency (%)
Fuel Spec. | kg Energy CO, Mechanical — Electrical 80-98
mass | OE :
Heat — Mechanical (steam engine) 40-55
(kg/l
Coal, lignite 0.45 | 20 MJ/kg | 1.6 kg/kg Heat — Mechanical (diesel engine) 35
Coal, 0.72 | 32 MJ/kg | 2.9 kg/kg Heat — Mechanical (gasoline eng.) 20-25
anthracite -
Heat — Electrical (in power plant) 40
Crude oil, 0.86 1 38 MJ/I 3.1 kg/l
diesel Heat — Electrical (from wall outlet) 35
Gasoline 0.78 1.05 | 35 MJ/I 2.9 kg/I Heat — Heat (kitchen gas burner) 50
Ethanol 0.74 0.71 | 23 MJ/ 2.8 kg/l Solar radiation — Electrical 12-17
Liquid nat. gas | 0.45 1.2 | 256 MJ/I 3.0 kg/I Solar radiation — Biomass 0.2-5
Electrical = Mechanical 80-98
Electrical — Chemical (adv. battery) | 85-90
Electrical — Visible light (inc. lamp) 15-20
QYML Data 2008 Food — Mechanical (muscle power) | 20-25

Everyday energy costs

Irogicion pee o0 | |

Primary power consumption Energy cost of production

kW | oil/h MJ | oil

m?3 gas/h

Electric razor 0.03 0.003 1 kg Al (recycled) 7 0.2
Person 0.1 0.01 1 kg steel (from ore) 15 0.4
Candle 0.1 0.01 1 I'milk 16 0.4
Laptop 0.3 0.03 1 kg glass 18 0.5
Bicycle (extra food) 0.4 0.04 1 kg paper 25 0.6
Kitchen gas burner 2 0.2 1 kg cheese 50 1.2
Vacuum cleaner 3 0.3 1 kg Al (from ore) 140 0.4
Full train per seat 8 0.8 1 kg coffee 300 7
Hot shower 10 1 Passenger car 2x 104 | 500
Medium CV heater 20 2 Data 2009
Full car per seat 20 2

Full plane per seat 350 35 'i"U Delft




How to produce 1000 MW electricity

Introduction, page 31
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Resources needed to produce 1000 MW electrical energy (= 10% of

NL electricity usage)

Power plant, coal

3 x 109 kg coally

Power plant, oil

2 x 1091 oily

Power plant, natural gas

3 x 109 m?3 gas/y

Power plant, nuclear fission

1x 108 kg U orely
=700 kg 25U/y

Power plant, nuclear fusion

100 kg deuterium/y +
150 kg tritium/y

Wind turbines 90 m diameter, offshore

1300 turbines = 600 km?2

Solar cells (15 % efficiency)

60 km?

Plants and trees

3000 km?

People on home trainers (8 hours/day)

30 million people

Data 2009

e
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Introduction, page 3_2

50 | gasoline and alternatives

Passenger car alteratives for 50 | gasoline

Volume ()
(tank included)

Mass (kg)
(tank included)

Gasoline 52 60
H,, high pressure 300 400
H,, liquid 100 150
H,, in LaNiHg 200 500
Flywheel 400 1000
Lead batteries 1500 3000

Data 2009

e
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