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Cronograma de Atividades — 12 Semestre 2017
Proposta — 2

Aula | Data Tépico do Programa
01 |08/03 [Apresentacao da disciplina, critérios de avaliagcao e revisao de conceitos
02 |15/03 [Definicao dos temas de trabalho e revisao de conceitos
03 |[22/03 [Processamento de ligas metalicas (fundicao)
04 |[29/03 [Processamento de ligas metalicas (laminacao e forjamento)
05 |05/04 [Tratamento térmico de ligas metalicas (diagrama TTT)
- 12/04 |SEMANA SANTA — Nao havera aula
06 |[19/04 [Tratamento de superficies de ligas metalicas (quimico e mecanico)
07 |26/04 [Ligas contra corrosao (Aco Inox)
08 |03/05 [Aula de exercicios
09 |10/05 [PROVA — P1 e entrega de TRABALHOS - T1
10 [17/05 |Processamento de Polimeros (polimerizagao, vulcanizagao, temperatura vitrea)
11 | 24/05 |Processamento de Ceramicas (fundicao, sinterizacao, tratamento térmico)
12 | 31/05 |Ceramicas avancadas (piezos e termo-elétricos)
13 |[07/06 |Recobrimentos ceramicos (carbonetos, nitretos, 6xidos)
14 |14/06 |Compdsitos metal/polimero/ceramicos (fibras de carbono, aramida)
15 [21/06 |Aula de exercicios
16 | 28/06 |Entrega de TRABALHOS — T2
17 | 05/07 |PROVA — P2
18 | 07/07 |PROVA Substitutiva
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Materiais ceramicos

http://supercondutividade.blogspot.com.br/201
5 02 01 archive.html acessado em 03/2017

https://en.wikipedia.org/wiki/Space Shuttle the
rmal_protection system acessado em 03/2017
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Ligacoes atdomicas

compartilhados

Material|Porcentagem do carater ionico
CaF, 89
MgO 73
NaCl 67
Al,0, 63
SiO, 51
Si,N, 30
ZnS 18
SiC 12
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Elétrons Elétrons

/Q

H

Forgca de Coulomb
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Microestruturas

o
LFS

x5 000 5p
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Microestruturas

* Fase ligante

Ferreira 2001
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Processamento de ceramicas

% Secagem + Queima

“* Metalurgia do p6
+» Compactacao a frio
s Compactacao a quente

PME-3430 Aula 12/17 - 7/35 newton.fukumasu@usp.br



Processamento de ceramicas

* Metalurgia do po
*» Producao do pé

» Misturas

> Secagem

» Controle do tamanho do po

» Conformacao + queima
“*Prensagem uniaxial ou isostatica a frio
*Extrusao
“*Injecao em molde

% Conformacao + sinterizacao
“*Prensagem uniaxial ou isostatica a quente

<
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Processamento de ceramicas

Atomizacao Plasma

Moagem mecanica

Gas Source G
Titanium
and Pump — Sl
Torches
Fine Powder
Nozzle SR |
Fump Raw Material
Collection e — " : 2
Chamber Milling / Mixing
Collection
Chamber
http://www.lpwtechnology.com/technical-library/powder-production/ ComInUIQaO pOr |mpaCt0

Cominuicao por esferas

Contanar -

Stock

balt mill, roller mitl impact grinding

https://www.slideshare.net/shunty12/5-powder-metallurgy
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Processamento de ceramicas

Particle Size Distribution
7 4 100
_ 6 {1 80
& 5
qE> 4 4 60
3 3
g 4 40
2 20
1
%.01 0.1 1 10 100 1000 300(9
Particle Size (um)
— Si3N4 oglitme, 14 Sep 2002 12:51:49
Ferreira 2008

O po resultante do processo de moagem e secagem
deve ser "puro” e ter distribuicdo que minimize
formacao de poros na sinterizacao
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Processamento de ceramicas

Rubber
mold

- Gas or fluid
pressure

1
Lower Punch

t

Feed hopper

&

Mold
Nozzle

Spreader

/ s | ‘
m Hydraulic
Ram pressure
I

Mold
cavity

Heating chamber
Ficure 14.28  Schematic diagram of an injection molding apparatus. (Adapted
from F. W. Billmeyer, Jr., Textbook of Polymer Science, 2nd edition. Copyright
© 1971 by John Wiley & Sons, New York. Reprinted by permission of John

Wiley & Sons, Inc.) F e rre i ra 2 O O 8
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Processamento de ceramicas

loose powder initial stage

intermediate stage final stage

1.00
100% —
-
® Archimedes “
O Stereology R 80%
< p
S 0.90 2
7] c
© =
w > 60%
> ]
© w
3 0.80 o 40%
3
S —8— 0.1 hours
§ . --#-- 0.6 hours
20% — 49— 10.1 hours
0.70 — - 60.1 hours
0.01 0.1 1 10 100 0%
Time at Temperature (hours) 0.0 1.0 20 3.0 4,0
Efeito do tempo de Grain Size (micrometers)
sinterizacdo na densidade Efeito do tempo no tamanho de grao.

Nettleship 2002
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Microestrutura de ceramicas

initial stage

loose powder
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S e e R 3 5 g
HV WD |mag O] det —— 100 pm
= 120.00 kV[40.7 mm| 1 000 x |ETD
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Tipos de materiais — Modulo elastico

Metais/ Grafite/ Polimeros Compositos/
Liga Ceramicas fibras
™
20 — oAt W
® Ty
10 —1 ® Ag, Mo
=1 ®Cu,Nij
O e
— ®Sn, Zn ] .
— ® Zirconia
N 5 —
™ ®Tj
E 4 — QOXIdO de Al
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Exemplos
Ceramica
Al,O,
SiO,
MgO

SiC
Si;N,
TiC

TiN

p (g/cm®)
3,9

2,65
3,58
3,21
3,21
4,93
5,29

BN (hexagonal) 2,27

BN (cubico)

3,48
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Metais Grafite Compdsitos
& & Polimeros &
Ligas Ceramicas fibras
1200
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E = E, exp|—(aP + bP*)]
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Tipos de materiais — Limite de Escoamento

Metais Grafite Compositos Metais Ceramicas , Compositos
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Comportamento de falha

+» Tenacidade a fratura

. o .. o .. o J
o
L2 I n g I IS aplicada aplicada aplicada

Omax =%gplicada | 1 T 2

Q|

\

» Grifth

2E Y,
\ a

ofratura=

 Irwing

K. =o. \ma

Gaplicada Gaplicada Gaplicada
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Comportamento de falha
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Propriedades mecanicas
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Ceramicas avancadas
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Ceramicas: desgaste e atrito
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Forga Tangencial

Profundidade de
Penetragdo (pm)
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Comprimento do Risco (pm)
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Ceramicas: desgaste e atrito

* Métrica de desgaste
* Equacao de Archard

+Q = volume removido ]{TWL

*W = carga aplicada

*L = comprimento total de desgaste

+*H = dureza

“*k = coeficiente de desgaste
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--Only HSPP
-*-Matrix+HSPP
--Only Matrix

.\\‘\‘_\—‘\a
\\‘\4

Archard - Dimensionless Wear Coefficient

0 10 20 30 40
Number of cycles
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Ceramicas: desgaste e atrito

LFS Loading

l «— Indenter tip

Reciprocating
movement o

Matrix
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}
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*-L..”ﬂﬁﬁm\{" i 1N
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Ceramicas: desgaste e atrito

0.08 1
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--Vr2
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3
= 0015
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il '™

s vl v v
o 0 0 LB
Y994 i VW

Jjeyouy

o Sulfur Atom @ Molybdenum Atom https://www.youtube.com/watch?v=Fudqa8QbEPg

http://www.beilstein-journals.org/bjnano/articles/7/132

PME-3430 Aula 12/17 - 27/35 newton.fukumasu@usp.br



& =~ b A »

— T~~~

2
’
.

A L T T W N

I T T T i \Vk\.’

d g Mg Mg g L A B

-
’

't’bf

3_},{

29

http://www.tedpella.com/Support_Films_html/Graphene-TEM-Support-
Film.htm#graphene_films

http://www.cen.dtu.dk/english/research/projects/actual-high-resolution-tem-on-graphene
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Ceramicas: porosidade
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Ceramicas: opticas

* Transmissao, absorcao, emissao, reflexao, dispersao de luz

*» Faixas de comprimento de onda (UV, Vis, IF, NIF)

Espectro visivel pelo olho humano (Luz)

‘ 400nm |450nm |500nm 1550 nm 600 nm | 650 nm

| J |

'ﬁrﬂl:rmelho

| 700 nm 750 nm

| L L L 1 )
= » 1
Raios Raios ’ Raios X Infravermelho Radar UHF Onda média Frequéncia
césmicos gama VHF  Ondacurta Ondalonga gxtyemadamente
alxa
Micro-ondas —————————— Radio —————
1fm 1pm 1A 1nm 1pum 1mm 1lcm 1m 1 km 1 Mm
i -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7,
53'29,3;“;:23 100" 1007 100° 100 100 10 100 10° 107 100 10”0 107 10° 10° 10 10° 100 10° 10° 10 100 10 10

I

22 17 16 15 14 13

Frequéncia (Hz) 102 10
(1 Zetta-Hz) (1 Exa-Hz) (1 Peta-Hz) (1 Tera-Hz) (1 Giga-Hz)

https://commons.wikimedia.org/w/index.php?curid=18122584

* Aplicacao: acessos, fibras opticas

1021 1020 1019 1018 10 10 10 10 10 1012 1011 1010 109 10B

107 106 105 104 103 102

(1 Mega-Hz) (1 Quilo-Hz)
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Ceramicas: opticas

% SiO, fundido - Quartzo
> Tf—1500° C

» H-8.8 GPa

» E-71.7 GPa

> Kc ~1 MPm'2

100 -

4

L)
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<
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4
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L)

<

L)
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Transmission, %
2 8 &8 8 88 3 3
- | | | | |

b
L)
)

0 “‘l'l‘l'l)’l,)'l“l' ‘l'l!l’/fl‘ = - |

‘40 60 ‘80 200 Z20 240 300 400 500 600 700 ‘000 2000 3000 4000
Wavelength, nm

http://www.tydexoptics.com/materials1/for transmission optics/crystal g
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Ceramicas: opticas

< ALLO/N, — sinterizado ALON®
% Tf-2150"C

» H~18 GPa

» E—-323 GPa

» Kc ~ 2,5 MPm12

<

L)

L)

4

L)

L)

<

L)

L)

100

- 2 mm thick salnple

.
80
|

N\

Transmission (%}
I
1

0 1 2 3 4 5 6

Wavelength (microns)

http://www.surmet.com/technology/alon-optical-ceramics/
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Ceramicas: eletro-mecanica

+» Efeito direto: diferenca de potencial elétrico quando aplicada uma
deformacao mecéanica

% Efeito inverso: deformagcao mecanica quando uma carga elétrica é
aplicada

Figure 1.4 Generalor and moter aclions of a piezoeleclric element

- gencrater acltion ———————— — OtOF 2CtiON

1l vl B ) ' [ ®

R ¥

)| 1 A ﬁ b A

B

Q —

& 2 (+) - () - — )

+

(a) disk after (b) disk compressed: (c) disk stretched: (d) applied voltage  (e) applied vollage
polarization generated voltage generated voltage has same polarity has polarity
{poling) has same polarity has polarity as poling voltage: opposite that of

as poling voltage opposite that of disk lengthens poling voltage:
poling voltage disk shortens

https://www.americanpiezo.com/knowledge-center/piezo-theory/piezoelectricity.html
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Ceramicas: eletro-mecanica

LFS
s Estrutura cristalina: peroviskita

J——

)

divalent matal ion
o G = oxyaen

& ﬁ\
=

T 9 A% = Pb, Ba, otber large,

@ B* = Ti, Zr, athar smaller,
(-) tatravalant meta! 1on

AV
cubic lattice, symmelric /

™
amangemant of positive and ’ Cf%

- +
negative charges tetragonal (orthorhombic) latice, / e
crystal has electric dipolke . t )-? o t

https://www.americanpiezo.com/knowledge-

@
center/piezo-theory/piezoelectricity.html f o f Hé r r r f t t

*

. / I I I I f t Ii Electric dipoles in Weiss
* Quartzo (SiO,) Sh= B g

(2) dur'mg and (3) after |)u|ing

% Titanato de Bario (BaTiO3) 7/ . e

=l %
* . .
¢ Titanato zirconato de chumbo
After puling the zirconate-titanate atoms are off center. The molecule
( PZT) becomes vl()ngalv(l
e
‘0

» PLZT (PZT dopado com La)
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*» Aplicacao

“* Relogio — Quartzo
oscilador
‘0

ou vibracao — PZT
» Transdutor — PZT
*» MEMS, Acendedores

[_* Spark gap

Metallic rod

1 | Piezo ceramic
L

Hammer
Spring

— Push bottom
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» Sensor de deformacao

Ceramicas: eletro-mecanica

https://www.youtube.com/watch?v=sPxnpYHQyFg

Sensor Signal

-

Comparison of
the signals

K

Interaction force

https://pt.slideshare.net/SubhraShankhaBhattac/piezoelectric-sensors-brief-discussion
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