


Steels
Cast irons
Al-alloys

Metals

Cu-alloys
Zn-alloys
Ti-alloys PE, PP PET,
Aluminas PC. PS, PEEK
Silicon carbides PA (nylons)

Ceramics Composites Polymers

Sandwiches
Slicon nitrides Polyesters

Zircondas Hybrlds Phenolics
Segmented structures, Epodes
Lattices and
foams

Isoprene
Soda glass Neoprene
Borosticate glass Butyl rubber

Glasses Elastomers

Shiica glass Natural rubber
Glass-ceramics Silicones
EVA
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Universe Family Class Sub-class Member Attributes

Al 6061
/ Density
1000
6013

i Steel
Ceramics v e 2000 Mechanical props.
Glasses , Cu-alloys 6060 Thermal props.

3000
Metals / Al-alloys 4000 6061 Electrical props.

6063

Optical props.
6082 PRGOS

Polymers\  Ti-alloys 5000
\ : 6000 :
\ Ni-all Corrosion props.
Elastomers' Ni-alloys 2000 \ 6151

6463 Documentation

\ -- specific

-- general watr A

Material records

Hybrids  \Zn-alloys 8000
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Low alloy steel

,' High carbon steel
Stainless steel
'SR ./' Ti-alloys

Cu-alloys __.__--| i1

Zn-alloys
Al-alloys

Mg-alloys

Metals

Acetal, POM

/ Polyester, rgid

lonomer

gva —1 |

Polyurethane

Natural Rubber (NR
Neoprene

Polymers

)

7
/ / Alumina

Glass ceramic
Silica glass
Soda-fime glass

Ceramics

CFRP
o GFRP
/

Ptvwood
Wood / | I
Il to grain
Paper,/
Cardboard

Man
decades




Technical
ceramics
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Cork

Isoprene
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Flexible polymer

foams Butyl

rubber
000
Density, p (kg/m?)

Cp

SisN

ALO;  Steels
sic

Ni afoys ™ ’
” l Ti alloys .- We

Ge—W alloys

= Cu alloys

_—— Metals

Families occupy
discrete fields

Sllicone
K_)/vastomets
Poyuasthuane
Neoprene

—— Elastomers
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Design requirements Roguiements
Required : .
property profile Required shape | Constraints
| Material i|| Process I Choice

\ 7
‘ Consequences

‘ Cost I
l Final choice | Dgcision




Microstructure-insensitive properties Microstructure-sensitive properties

e  Density Strength

e  Melting point Toughness
Modulus Elongation
Specific heat Thermal conductivity
Expansion coefficient Electrical conductivity
Heat of fusion, heat of vaporization Coercive field
Saturation magnetization Energy product
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Iron
Chromium

Titanium
94 Silicon

Sodium \ ;
oo"“.
cmm\ Cobalt

Alumlnum

\ Oxygen |
\Nltrogen
\!oron

|
1
’ j Beryllum
>
|

8

3 Lithium

4

3 Tritium

Fuels for
| fusion reactors

Deuterium

Hydrogen

Most stable:
‘ Iron

L51.>'-\.> S 5

Zinc ?Jrconlunbnver

z’...”"l
7

Strontium

{Cadmlum Samarium

Voouc ,.....,T.” S Iridium Thorlum

looolo...°. \ Uranium
Molybdenum  Barlum k“,m 0.,

Plutonium

Fuels for
fission reactors

Binding energy per nucleon

40 50 60 70 80
Atomic number

S s
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Oxygen ° Silicon
o
Aluminum  jron
Sodium -7 "\ @ @
y AL " Caleium

iy Magnodum;‘_ Titanium
L b
Phasphorus

Lo Hy'&ogen Ti:,)

A
* Manganese
N

Vanadium Ch\Mniwn &

Abundance of the elements

Barium
_.Strontium 4

8 14! 7 Neodymium
’ Carbon - \Zinc o drconium Coriu'm eodym

' s 2 e
cand{:m » 'y

) Lithium B
BBotn  Cota Gani
,\\ g Fluorine Arsenlic 7..
"' Beryllium Germanium
L

Selenium —@

. 7/ Rare
\\\& Yetriom ' earths
R " Niobium -

\\\Tiﬂ - Q

B0 Cesium
Molybdenuni « :
. Antimony

o
Cadmiu %
~Im!hu:\ {in)

Silver X
™ >
- Palladium  “<

O Tellurium e ‘
@—— Ruthenium

ca~..Rh odium Platinum

group

40 50 60
Atomic number

Lead

o
®— Thalljum Uraniu
Mercury
® o Bismuth
——— Platinum
, Gold
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Ran/Earths

Lithium

Aluminum

N

xygen Ruthenium

Nickel

30 40 50
Atomic number

Bismut Thoriu

m
Curium
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Modulus - Atomic number

Row 5 Row 6

Row 4
Osmium
Molybdenum lRuthonlum
Chromium g

Uranium
Platinum ,

Thallium

Potassium )
Rubidium Francium

50 60
Atomic number
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Row2 Row3 Row4

Rb @

Row 5

Atomic number

Actinides




Cohesive
energy Hg

Atom
spacing a

Melting point - Cohesive energy i Tungsten

Tantalum o ¢/ .
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g's mo s - Cost / volume we  ceramics
v ¥ Saankass SIC_SigNy B,C

Search
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Non-technical
ceramics
Concrote
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Natural

Carbon steels

Cast ifons s

Composites

!C}_ PEEK ”I’ ’

¥ 07 Ve
Polymers ;," -

’ ’
G____,:. Elastomers

£ v MFAMRS. 13
1000 104
Cost per unit volume, (p C,,) (US $/m?)
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iIPhone X: 174 grams

iPhone XS Max: 208 grams
* iPhone XS: 177 grams * iPhone 11 Pro Max: 226 grams
* iPhone 11 Pro: 188 grams  iPhone 12 Pro Max: 228 grams
 iPhone 12 Pro: 189 grams  iPhone 13 Pro Max: 240 grams
 iPhone 13 Pro: 204 grams  iPhone 14 Pro Max: 240 grams
 iPhone 14 Pro: 206 grams * iphone 15 Pro Max: 22/1 grams

/

* iphone 15 Pro : 187 grams
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Carbon Molybd-

Grade Aoon  Opfgen Nitrogen  lron  AjminumVanadium Palladium MoMPd-  Nicker | FY§rogen

Grade1 | o008 | o018 | oos | os0 | . | w R oo
Grade? | 008 | 025 | 008 | o0 | = | = | = [ = | = | oos
Grade3 | o008 | 03 | 005 | 08 | - | . | e | e | . | 0015
Grade4 | 008 | 040 | 005 | 00| - | = | = [ = | = | oom
Grades | 008 | 020 | 005 | 040 | 65675 | 3648 | = | = | = | oo

Grade7 | 008 | 025 | 005 | o030 | - | -~ [oizezs| - | — | oot
Grades | 008 | 012 | o003 | 025 | 2635 | 2080 - | = | = | oo
Grade 11 | 008 | o018 | 008 | 020 | - | - [oizess| - | - | oo
Gradet2 | 008 | 025 | o003 | om0 | — | — | - |o0204 | o060 | oot
Grdets | 008 | 025 | 005 | o8 | - | - |ooe00s| -~ | - | oot
Grade17 | 008 | 016 | 003 | 020 | ~ | - |o0o0e008] = | = | 007

Grade 18 0.08 0.15 0.03 0.25 2.5-3.5 2.0-3.0 | 0.04-0.08 0.015




Types o Titanium
for Implants

cpTi grade |

chl ~;;radc 2

cpTi grade 3
~cpTi grade 4

Ti-6A1-4V grade 5

UFG Ti grade 2

4 XH +CR (70)"

UFG Ti grade 4 TMT + A (6h)?

UFG Ti grade 4 TMT + A (1h) + W®
‘Bone

Yield Strength
(MPa)

170
275
380
483
795

796

1110
1200
90-120

Ultimate Tensile
Strength (MPa)

240
345
450
550
860

877

1250
1430
90-130

Elongation
(%)
24
20
18
15
10

18

13
12

1-4

T ool auglis

Reference

ASTM F 67

Estrin et al.?,
Handtrack et al.*
Truong et al."
Truong et al.'”
Saitova et al.”

14 passes ECAP, 300 °C warm-deformed and 70% cold-rolling. *' 4 passes ECAP, 450 °C warm-deformed, forge-drawing plus 350 °C annealing for 6h.
1 4 passes ECAP. 450 °C warm-deformed, forge-drawing plus 350 °C annealing for 1h plus 450 °C isothermal stramning.
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Initial equiaxed-alpha microstructure
Initial, annealed: 800 C/1h
+LRHT: 4kW, 38s5/WQ
+LRHTA: 4kW, 38s/WQ+550 C,6h
+LRHT: 4kW, 45/WQ
+LRHTA: 4kW, 45/WQ +550 C,6h
Bulk RHT +aging |5])

Initial, annealed: 1050 C, 1h/FC

+LRHT: 4kW, 55/WQ

+LRHTA: 4kW, 55/WQ +550 C,6h
+double LRHT: 4 kW, 5s5/WQ

+double LRHTA: 4 kW, 55/WQ+550 C.6h

ensiie properties

921 + 8
994 + 12
1240 + 11
1180 £ 9
1247 = 11
1260

867 + 6
885+ 8
1190 + 8
879 +7
1186 + 11

992 £ 7
1062 £ 11
1254 £ 12
1193 £ 10
1285 = 10
1300

3 S & i o 5 5

933+ 7
941 +£9
1205 £ 7
952 £ 7
1199 + 12




Road & rail
transport

Machines
Bicycles

Household

Automotive

Tools parts wares

Packaging

Surface roughness

Grains, microcracks

Precipitates &
dislocations

Crystal packing:
atomns. vacancies,
solid solutions,
dislocation core

Atomic nucled
& eloctrons

High-rise
Ships structures

Aircraft

Friction
Wear
Carrosion

Fatigue strength
Fracture toughness

Yield strength
Ductility

Density

Young's modulus
Electrical
Thermal

Optical
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