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Ciéncia e Engenharia de Materiais

Materials Science and Engineering: Performance

the field devoted to
understandingand controling
the performance of useful solid materials, Synthesis
through the study of the interrelationships between
materials synthesis,
structure,
and properties.

Structure

Composition

Materials Science and Engineering

Composition means the chemical make-up of a material.

Structure means a description of the arrangements of atoms or ions in a
material.

O  Synthesis is the process by which materials are made from naturally
occurring or other chemicals + Processing means different ways for
shaping materials into useful components or changing their properties.
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Tetraedro de Ciéncia e Engenharia de Materiais

Propriedade Performance

Sintese Processamento
Estrutura

Composigao

A partir de uma nova necessidade ou concepcao em termos
de materiais, qual é a melhor opcéo?

e Desenvolver novos materiais?
e Aperfeicoar materiais ja existentes?



Tetraedro de Ciéncia e Engenharia de Materialis

Estudos de casos



Aplicacao do Tetraedro de Ciéncia e Engenharia de Metais

* What is the strength-to-
T density ratio?
Performance | » What is the formability?
Cost * How does this relate to the
crashworthiness of the vehicle? €
* What is the cost of fabrication?

A: Compositions

* Iron-based?

* Aluminum-based?

* What alloying elements
should be used?

* What quantities?
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C': Synthesis and processing

* How can the steel making be
controlled so as to provide a high
level of toughness and formability?

* How can aerodynamic car chassis
be formed?

B#: Microstructure

* What features of the structure ’
limit the strength and formability? | {88

= What controls the strength?
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Desenvolvimento de acos
para fabricacdo de chassis de automaoveis

Fonte: Askeland
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Materiais policristalinos

Fonte: Sandim
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* What is the current
] i itv?
Performance | CMTYINg capacity:
———— | » What is the cost
of cooling and
fabrication?

Cost

A: Composition

o YBaz(Z'ujD?_;.;

of TIEBQCB.3CI]4D} 1
- Bi.gSl’gC&zCU3010

wiBuluIesT uoswoy / Bulysiignd 8j0D/sx001g €002 @

C: Synthesis and processing

» How can pure, homogeneous,
and fine powders of well-defined
stoichiometry be made?

* How do we make long
lengths of wires?

B: Microstructure

* What features of the
structure limit the current
carrying capacity?

= What is the texture of
the material?

Supercondutores ceramicos

Fonte: Askeland
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Heike Kamerlingh Onnes
1853-1926, Nobel de Fisica em 1913

Supercondutividade (Hg, 1911)

Fonte: Wikipedia



Como T, variou ao longo dos tempos...
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Aplicacao do Tetraedro de Ciéncia e Engenharia de Metais

* What are the electrical

characteristics?
Performance | « How robust are the devices?
Cost * What is the cost of fabrication?

* How does this compare with
silicon-based devices?

A: Compositions

* What polymers can
be used?

» What dopants can be
used to control the
level of conductivity?
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C: Synthesis and processing

» How can thin films be made?

* How can different devices be
connected to each other?

| B: Microstructure
* How does the nature of bonding
control the level of semiconductivity?

Polimeros semicondutores para uso em eletronica

Fonte: Askeland



Materiais e custo

Deve-se escolher um material tendo como critério apenas o
“custo”?



Materiais e custo

e |_ei da Oferta e da Procura (Demanda)
e Economia de Escala

Price
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Materiais e custo

OIL (orec Basket Price)
$150

5140
5130
$120
$110
5100

5§70

Components

The OPEC Reference Basket comprises: Saharan Blend (Algara), Minas (indonasia), iran Heavy (lsla
Reapublicof lran}, Basra Light (raq), Kuwait Export (Kuwait), Es Sider (Libya), Bonny Light (Migeria)l,
Cratar Manna (Qatar), Arab Light (SaudiArabia), Murban (LAE) and BOCF 17 (Weanazuala)

Energia

http://www.ttiinc.com/page/ME_Materials
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ALUMINUM

http://www.ttiinc.com/page/ME_Materials
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per Metric Tonne

$12,000

$10,000

58,000

COPPER

http://www.ttiinc.com/page/ME_Materials



Materiais e custo

NICKEL

http://www.ttiinc.com/page/ME_Materials
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STEEL

‘Metric Tonne

http://www.ttiinc.com/page/ME_Materials
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GOLD

$1,600

$1,400

$1.200
~ $1,000
=1
E $800

PLATINUM

§ per troy oz.

§ per troy oz.

o
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$10

SILVER

PALLADIUM

TEIRERE

http://www.ttiinc.com/page/ME_Materials
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P iping Material

I | | I |
Zirconium - Sch 10 |

Hastelloy B - Sch 40 |
Hastelloy C-275 - Sch 40
TiEnium - Sch 40
. Mickel- 5ch40 |
i

Etmed-HdHamtessdteet
- Schednls 40 |
Micke! - Sch 10 |

Alloy 20 - Sch 40 |
Maonel - Sch 40 |
FTFE lined FRP |
FEF lined steel - Sch 41
Titanium - 5ch 10 |
FTFE lined ste2l - Sch 40 |
PVDF - Schedule B0 |
Glass lined steel - Sch 40 |
Monel - Sch 10
Alloy 20 - Sch 10
FVDF lined steel - Sch 40 |
Bar=n lined E_tEEI - Sch 40

Al
FRF Polyestr

FRF Epoxy

FRF Vinyl Ester |
[}5L Stminle s Steel - Sch o

2041 stinless Ei:—l-snh:t[!

[216L 5fzinless Steel - Sch 0

[Rubberfined steel - fch 40

[204L Btz|nless s el - [k 10

|carben Stql- Sch 4o

CPVC - Jech BD
FVC - Schydule B engineeringtoolbox.com
I | I
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Materiais para tubulacoes

http://www.engineeringtoolbox.com/piping-materials-cost-ratios-d_864.html
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Fonte: Ashby, M.F., Acta Metall.

CERAMICE, a1y, |

STRONG
ACIDS

STRONG
ALKALIS

A EXCELLENT
B GOOD
C POOR

| ORGANIC SOLVENTS | D BAD

37 (1989) 1273-1293.
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Qual € a melhor?
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Seat: Chrome,
molybdanum,

and steal rails; vingl
cover; silicon

Framae: Alurmirem

Rear deralllewr:
Glassreinforded
niylan jockey wheels

clastomer cushioning

Grips: Vinyl elastomer

[sometimas with
asbestos added)

Rim: Alumisiurm

Spokes: Stainkess steel

Tlres: Rubber with
i reinforcamant

www. propertiesofmatter.si.edu/images/L10/Bike



Materiais e custo

@ s

Acta mater. 48 (2000) 359-369
PERGAMON

www.elsevier.com/locate/actamat

MULTI-OBJECTIVE OPTIMIZATION IN MATERIAL
DESIGN AND SELECTION~*

M. F. ASHBY
o Department of Engineering, University of Cambridge, Trumpington Street, Cambridge CB2 1PZ, UK
8 I
@ U Bicycles:
CFRP .
Titanium Price vs Mass
(}CFRP
o Envelope — \
&
o
0= \
= \
3 Slope  \!
& $ 2000/kg =\
o
(=]
o
N
o
6 8 10

Bicycle mass (kg)

Fig. 6. A plot of price against mass for bicycles. The lower envelope of the data defines a non-domi-
nated or optimal trade-off line. The exchange constant is approximated by the slope of the line. It is
low for cheap, heavy bikes, but becomes very large for light, expensive ones.
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Custo € uma variavel importante, mas n&o a Unica.

O conjunto de propriedades (derivado da microestrutura),
bem como os custos de processamento dos materiais,
e gue devem nortear a escolha.

Em Engenharia, deve-se buscar sempre
a melhor solucao tecnica ao menor custo!



