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“a physical substance that things can be made from”
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“a substance or mixture of substances that constitutes an object”
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A=A (1850-2014)

1800 -

1600 -

1400 +

1200 -

1000 A

800 -

600 -

400 -

200 -

Mt

18504 :

1880 - 1910: CAGR
11.7%/yr

1910 - 1940:
CAGR 4.4%/yr

1940 - 1970:
CAGR 6.4%/yr

1970 - 2000:
CAGR 4.2%/yr

2000 - now:
CAGR 6.9%/15

&rld War II
1939 - 1945

1929: Great Depression
(-57% yoy in steel output)

#

2003: Gulf War 2

1997: Asian financial crisis ¢
= 1989: fall Berlin Wall ‘
g 1990: Gulf War 1

, 2007-2009:
: . f (9% in steel
ot Sy s memion | L o
World War 2 R ‘
yﬁf‘.ff.{ 1979: oil crisis 2001:10C
s >4 announcement
e W A for Olympics
(-31122:1"1313 1973: oil crISIS 2008: also China
1850: beginning of output) member WTO
modern steel industry v 1974-1975:
_— (=12% in steel output) 1990-1992:
1946-1990: Cold War Era (ZginSiselbuiput

mh)
Tl

19004
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i FRER 2T (1950-2015)

Global plastics production, 1950 to 2015

Annual global polymer resin and fiber production (plastic production), measured in metric tonnes per year.

World

350 million tonnes
300 million tonnes
250 million tonnes
200 million tonnes
150 million tonnes
100 million tonnes

50 million tonnes

0 tonnes
1950 1960 1970 1980 1990 2000 2010 2015

Source: Geyer et al. (2017) CC BY
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=222A350 XWBF 39445t

/A350 XW8 STRUCTURAL DESIGN

Nose section (carbonfibre or aluminium)

Fin (carbonfibre)

Rear fuselage
Fuselage section (carbonfibre skin panels, (carbonfibre, one
doublers, joints and stringers, with aluminium frames) piece section)

Four shell skin A350 XWB material breakdown
panel concept

@ Aluminium/Aluminium lithium
@ Steel
7% & Titanium
@ Composite
@@ Miscellaneous

Aluminium frames
Carbonfibre skin panel Note: A350-800 shown
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1.2.2 RMNENSE

1

Smaller

physics

Quantum Physics

Traditional Engineering
(Civil, Mechanical)
Materials Science

Image adapted from https://msestudent.com/
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Secondary
separators
star assembly,

Two stage swirl & ' | |

vane separators-_[ .

i
Main feedwater
inlet nozzle

Double wrapper— '

Bundle wrapper-‘_;

Trefoil tube
support plate™__

Divider plate—
Tube plate and
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e.g. Ti-64 Ti-6246 Ti-834 Ni-based Titanium
Superalloys  Aluminides

Operating temperature ["C] up to 230 up to 430 up to 730 1,230 -730
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Xll. Whole bone

XI. Compact and
trabecular bone
X. Osteons

(compact bone);

100 um lamellar packets
= (trabecular bone)

IX. Lamellae

VIIl. Collagen
&) 1um  fibril bundle

VI. Mineralized collagen fibril ===

V. Collagen i - - .
microfibrils RS V. Mineral aggregate
(three) : : 100 nm

100 nm —
IV. Collagen IV. Stack of platelets
triple helix

I1l. Collagen chain, lIl. Platelet

composed of

Il. Amino acids 20 nm ||, Acicular crystal

|. Atomic level

HES YT 2R 2E #3(Reznikov et al., Science, 2018)
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Nucleus

2p orbitals

1s orbital \

3s orbital
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