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Gas

Mitrag&nio (M)
Oxigénio (O2)

Argdnio (Ar)

780840 ppmv (78.054%)
209460 ppmyv (20,946%)
9.340 ppmv (0.9340%)

Digxido de carbono (CO3)

390 ppmy (0.0330%)E!

Mednio (Ne)
Helio (He)
Metano (CHy)
Criptdnio (Kr)
Hidrogénio (Hz)

Oxido nitraso (N20)

Monaxide de carbono (CO)

¥endnio (Xe)

Ozdnio (0a)

18,18 ppmv (0,001313%)
5.24 ppmy (0,000524%)
1.79 pprv (0,000179%)1]
1,14 ppmv {0,000114%)
0,55 ppmy (0,000055%)
0.3 ppmv (0,00003%)

0.1 pprv (0,00001%)
0.09 ppmv {9x10-5%)

0.0 a0.07 ppmv (0% a Tx10-9%)

Didxido de nitrogénio (NO5)| 0,02 ppmv (2%1075%)

lodo (1)

Amdnio (NHa}

0.01 ppmv {10-%%)

tragos

Gases nao incluidos na alta atmosfera (amostra isenta de agua):

Vapor de agua (H-0)

~0.40% em toda a atmosfera, normalmente entre 1%-4% na superficie

http://pt.wikipedia.org/wiki/Atmosfera_terrestre

Grupo de Diagrama de Fases e Termodinadmica Computacional

Disciplina Seminarios — Memat-UniFOA— 19/05/2012



Ciéncia para o Desenvolvimento Sustentavel

The 21st Century changes

Four distinctive characteristics:

 They are cumulative
» The effects are irreversible

» Large time lags — today’s actions are
tomorrow’s problems

 They are global

http://www.ipcc.ch/pdf/presentations/pre-cop-warsaw-2-10-2008/pres-warsaw-climate%20-botagaj-1.pdf
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http://www.ipcc.ch/pdf/presentations/pre-cop-warsaw-2-10-2008/pres-warsaw-climate%20-botagaj-1.pdf
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Drivers of Anthropogenic Emissions
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http://www.ipcc.ch/pdf/presentations/pre-cop-warsaw-2-10-2008/pres-warsaw-climate%20-botagaj-1.pdf

Factor (relative to 1990)
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Curiosidades

Variacao populacional mundial por dia:

Morrem 150.000

Nascem 211.000

Saldo 61.000 (uma cidade de quase 2 milndes de habitantes por més)
Fonte: diversas (http://www.un.org/), (http://wikipedia.org/), etc.

Disponibilidade de agua:

Somente 0,007% da agua doce disponivel é prdpria para o consumo humano e
encontra-se em rios, lagos e pantanos. Estes 0,007% estao ainda divididos da seguinte
forma: Agricultura 70%, Industria 22%, Individual 8% (clubes; hospitais; residéncias; etc)
Fonte: http://www.altogi.com.br/suporte/hydros/duvidas_usuais/Utilizacao/Consumo_agua_uso_racional.htm

Crescimentoeconomico:...

Consumo de energia: ...
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Imagem de satélite da terra a noite

Earth at Night Astronomy Picture of the Day
More information available at: 2000 November 27
http://antwrp.gsfc nasa.gov/apod/ap001127 html http://antwrp. gsfc.nasa.gov/apod/astropix.html

http://apod.nasa.gov/apod/image/0011/earthlights2_dmsp_big.jpg
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Scenario characteristics
(34 scenarios, IPCC/WEC)

1800 | 2000 | Af | 2050 | Af
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— . . _ -
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Belis 420 600-1.040
-CﬂfemissiunHGtCJ | | | | 5-
0.3 | 6.4
{5
TP S - 0.04 | 40 | x1,000| 120-160

http://www.ipcc.ch/pdf/presentations/pre-cop-warsaw-2-10-2008/pres-warsaw-climate%20-botagaj-1.pdf
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_~ Climate Change: Faster
" | than expected in 1990s

‘,: | 1PCC 4 (2007) was limited
Dashed lines = | to science published by

9 CO, Concentration

| Solid lines =
_ observed

3: g ; 1990s projections  __| early 2006
Av Surface Temp =
S T = Subsequent research
o shows increasing rates
of:
i Al T . | Global GHG emissions
+I Sea Level Rise|(cm) - 3.3% p.a. in 2000s, vs 1.3%
2 e p.a. in 1990s
Z ‘ Temperature rise
al Rahmstorf, Church, et | especially in polar regions

al., Science 2007

Ice melt (Arctic: 40% loss since

197 1 1 2 i
975 985 995 005 1980, accelerating 2006-07)

http://www.ipcc.ch/pdf/presentations/pre-cop-warsaw-2-10-2008/pres-warsaw-climate%20-botagaj-1.pdf
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w 16% of glebal ecosystems transforming 38, 39
= 2.5 1 Major loss of Amazon rainforest and its biodiversity 3133 3437 WGl
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http://www.ipcc.ch/pdf/assessment-report/ard/wg2/ar4-wg2-chapter4 .pdf
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AT2100=44°C

B 1 - Forest cover gain P
] 2 - Shrub/woodland cover gain
' | 3- Herbaceous cover gain

B 4 - Desert amelioration

I' 5 — Grass/tree cover loss

. 6 — Forest/woodland decline

| 7 — Forest type change

http://www.ipcc.ch/pdf/assessment-report/ard/wg2/ar4-wg2-chapter4 .pdf
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A B 1 - Forest cover gain :
*\;? | 2 - Shrub/woodland cover gain

| 3 - Herbaceous cover gain

Bl 4 - Desert amelioration

|| 5 Grass/tree cover loss
T2100=3,2° ’
A 00 3’ ¢ . 6 — Forest/woodland decline

' | 7 - Forest type change
http://www.ipcc.ch/pdf/assessment-report/ard/wg2/ar4-wg2-chapter4 .pdf
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« Equilibrium temperatures reached after 2100
* Uncertainty of climate sensitivity important
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http//www.ipcc.ch/pdf/presentations/poznan-COP-14/ottmar-edenhofer.pdf
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todos os setores e regides tém potencial para contribuir
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http//www.ipcc.ch/pdf/presentations/poznan-COP-14/ottmar-edenhofer.pdf
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e Reductions in energy-related CO,
i emissions in the climate-policy

scenarios
o 45 550 450
= Policy Policy
% Scenario  Scenario
20
[G]

0 T [ | gy  ENuclear
. 14%  mCCS

Renewables & biofuels

35 23%
Energy efficiency
30 54%
25 T
20
2005 2010 2015 2020 2025 2030
—— Reference Scenario ===550 Policy Scenario === 450 Policy Scenario

While technological progress is needed to achieve some emissions reductions, efficiency
gains and deployment of existing low-carbon energy accounts for most of the savings
Slide 4

W= S =Sl A GENCE INTERNATIONALE DE L'ENERGIE/
http://www.iea.org/speech/2009/Tanaka/Tanaka_MEE T.pdf
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= 47
© RPeference Scenario World abatement by technology, 2030

40
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24 Efficiency - 57%

34

32
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http://www.iea.org/speech/2009/Birol. WEQO2009 Rome.pdf
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Materiais para aplicacao em altas temperaturas:
Turbinas aeronauticas e para geracao de energia

Gilberto Carvalho Coelho

Universidade de Sao Paulo, Escola de Engenharia de Lorena,
Departamento de Engenharia de Materiais (Demar/EEL/USP),
C.P. 116, 12600-970, Lorena-SP

coelho@demar.eel.usp.br
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GRUPO PHASE — Grupo de Diagrama de Fases
e Termodinamica Computacional

@ Membros do grupo:
Prof. Gilberto Carvalho Coelho
Prof. Carlos Angelo Nunes
Prof. Paulo Atsushi Suzuki

@ Temas de pesquisa:
Termodinamica experimental (diagramas de fases)
Termodinamica computacional (bases de dados)
Materiais para aplicacao em altas temperaturas
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ROTEIRO

9 Introducao

@ Tiposde turbinas
@ Superligasde niquel
@ Novos materiais

@ Conclusao
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Tipos de Turbinas

Boeing 787 Dreamliner™
e

http://www.geae.com/engines/commercial/genx/inde x.html|
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Tipos de Turbinas

http://www.geae.com/engines/commercial/genx/inde x.html|
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Tipos de Turbinas

High-pressure  High-pressure

Fan compressor turbine
High-pressure
shaft
= ﬂ
—

Low-pressure
shaft |

Low-pressure Combustion Low-pressure Nozzle
compressor chamber turbine

http://en.wikipedia.org/wiki/Turbofan
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Tipos de Turbinas
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Tipos de Turbinas

INTAKE COMPRESSION COMBUSTION EXHAUST

SaE| [baRaE i

i L
Air Inlet’ Combustion Chambers

Turbinerf

Cold Section Hot Section

http://en.wikipedia.org/wiki/Gas_turbine
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Tipos de Turbinas

The combustion gas temperature increases.

Large-size gas turbine
(Mitsubishi Heavy Industries)

i
gt
LA

Turbine blade
(high-performance Ni-base superalloy)

H. Harada, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 604-614, 2010
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Tipos de Turbinas

Combustion Gases

Stack
Steam Turbine
Generator

Pulverized
Coal \
ar, o] 00
Coutesy of TXU  Boiler Condenser Electricity

Cerca de 80% da energia elétrica no mundo é gerada usando turbinas a vapor
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Propriedades dos materiais — aplicacoes em altas temperaturas

Requirement in Material property
design and service
Static strength Tensile strength (UTS)
0.2 Yield Strength (0.2YS)
Long-term strength Creep Rupture Strength (CRS)
Creep elongation limits (CEL)
Toughness
- short-term Fracture toughness (Kjc)
- long-term Creep rupture elongation
Toughness values after long-term aging
Fatigue strength Low Cycle Fatigue (LCF)

High Cyecle Fatigue (HCF)

Creep Fatigue Interaction (CFI)

Crack tolerance Static: Creep Crack Growth behaviour (CCQG)
Alternating: Fatigue Crack Growth (FCQG)

Oxidation resistance Steam oxidation behaviour

Erosion resistance Erosion behaviour

H. Tschaffon, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 20-28, 2010
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32 650
31 MPa
30

18t Sugercritical Press
Presgure

28 | 110

26 ! / | 600
/ 1246 MPa e ]

24 -

22
20
18
16 cr i

14 500
1950 1960 1970 1980 1980 2000

(24.1 MPa

566°C

Temperature

BT 550

18.6 MPa

Main Steam Pressure (MPa)
Steam Temperature (deg-C)

Commercial Operation Year

Figure 1 Trend of steam conditions in Japan

M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
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Biomass Co-Firing

CO, Recovery
Oxyfuel
Exhaust Gas

B Peiee 4

1

<=MPa, 600°C
USC
_Net Thermal Efficiency 42% (HHV

Boiler

Steam Turt:u"&:
Fieure 5 700deg-C class advanced USC (A-USC)

USC (Ultra Super-Critical steam condition)

A-USC (Advanced Ultra Super-Critical steam condition)

HHV (Higher Heating Value — poder calorifico superior)

M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
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10
65 | g

60 k IGFC

v I

i IGCC
50 F -

4 = = ""‘
. w  A-USC

4& % i i i i
1990 2000 2010 2020 2030 2040 2050

Year

USC (Ultra Super-Critical steam condition)

A-USC (Advanced Ultra Super-Critical steam condition)

IGCC (Integrated coal Gaseification Combined Cicle)

IGFC (Integrated coal Gaseification Fuel Cell Combined Cicle)

Net Thermal Efficiency (%, HHV)

M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
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b . o b

- - HP-IPT L LPT_
umace | | - =
N Steam
| = | - Turbine
. :‘}__ e o e e T T I T L A T T e e e L T e e,
Boiler
Conventional Materials GT Materials Materials under Development
Ferrite Ferrite Ferrite
. : /4
Austenite Ni-based ' Austenite

Ni or Fe-Ni based .
Figure 8 Selected materials for double reheat system

M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
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300 E 650°C 1
5 700°C
: _ 750°C |
200 F _ : 800°C -
0 - 1
D_ E
-
Ty
i 4
v . yt _
o 100} _ oA -
0T HR6W - Liga de Ni-Fe
i 5 i i aaugal M PR e | il

10° 10° 10* 10°
Rupture time /h

10

Figure 14 HRO6W creep rupture strength (Courtesy of Sumitomo Metal Industries)
M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
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L]

HReW
nl . HR6W weld joint
< 28
a8t 3% 150
E g L = L
s %
[ =2
§ - .B
S L
a 1 4 s aaanl B 1 i ngadil A1 i idapal L0 40 0k
10 100 1,000 10,000 100,000
Rupture time (Hr)

Figure 15 Creep rupture strength of HR6W weld
(Courtesy of Babcock-Hitachi, IHI, Mitsubishi Heavy Industries)

M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010

Grupo de Diagrama de Fases e Termodinamica Computacional Disciplina Seminarios — Memat-UniFOA- 19/05/2012



Introducao
Tipos de turbinas
Superligas de Ni
Novas ligas

Conclusao

Turbinas a vapor — ensaio de corrosao
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Figure 16 Hot corrosion test (Courtesy of Mitsubishi Heavy Industries)

M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
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Turbinas a vapor — ensaio de oxidacao

m_

Alloy740 Eq.

Ka-SUS310JI1TB Ka-SUS3I0JTIHTB Shot - —_
(25%Cr) (18%Cr) Test condition

= 700,750,800 °C
= 300, 1,000,3,000,)10,000 h

(ongoing)

Figure 17 Steam oxidation test (Courtesy of Babcock-Hitachi)

M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
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Turbinas a vapor — desenvolvimento de processos (extrusao)

Mandrel

7/ Mandrel die
Figure 18 Pipes prepared for material test (Courtesy of Sumitomo Metal Industries)

M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
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M. Fukuda, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 5-19, 2010
Disciplina Seminarios — Memat-UniFOA- 19/05/2012
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Nearly no cracks with heat treatment (high ductility of the material)

H. Tschaffon, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 20-28, 2010
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| = | - Turbine
. :‘}__ e o e e T T I T L A T T e e e L T e e,
Boiler
Conventional Materials GT Materials Materials under Development
Ferrite Ferrite Ferrite
. : /4
Austenite Ni-based ' Austenite

Ni or Fe-Ni based .
Figure 8 Selected materials for double reheat system
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Figure 2: SEM dark field image of CMSX-4 microstructure (taken from y’ reflection),
(left) & SEM image (right)

A. Scholz et al., 9th Lieége Conference — Materials for Advanced Power Engineering 2010, pp. 567-587,2010

Grupo de Diagrama de Fases e Termodinadmica Computacional Disciplina Seminarios — Memat-UniFOA—- 19/05/2012




Introducao
Tipos de turbinas
Superligas de Ni
Novas ligas

Conclusao

—e 700
Liquia &
1400 I~ ' { A
- == 600 o— — X
& _ - - i.|_'... L] . |
-."'l-:- 5'-.]":' ¥ — & w - ._,.-".r '1.1: '.l":-x .
1200 | Z | e 7N\ \ B
= - |= e W j
5 # EY
E ,.‘: 400 - - .
g = /A \ e
- o [ ) _r"*". 4
@ 1000} = - . ull
- /’ 2 JIDEII: IV
ﬂ = o '- -
E - am 8 & @ - ,-'.,; o g
= =¥ o 200 . r ~
800 |
100 .
) I
E_I‘L':lﬂ .. 4 & a J |:| L - . L | I — L L |
0 o 10 15 20 25 0 200 400 600 800 1000
Ni, Cr Ato: Al Ni- Al Temperature (“C)
(a) (b))

R.C. Reed, The Superalloys — Fundamentals and Applications, Cambridge University Press, Cambridge, 2006
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Figure 1: Microstructure evolution of primary y’ phase in IN738LC superalloys after
isothermal exposure.

M. Mandeli et al., 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 707-716, 2010
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Figure &: SEM holder with conical specimen degraded at 1050°C/175 h. Areas of analysis and
SEM images correspond to the stress range 59 to 94 MPa [6]

A. Scholz et al., 9th Lieége Conference — Materials for Advanced Power Engineering 2010, pp. 567-587,2010
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Fig. 1 Temperature dependence of Young modulus in single crystals of 1 - <001>, 2 - <011>,
3 - <111> orientations

l.L. Svetlov et al., 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 652-659, 2010
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Fig. 2 Deformation diagrams of the investigated allov with crystallographic orientations,
close to <001=,<011= and <111= at temperatures: 20 °C (a), 700 °Crb) and 1000 °C fc)

l.L. Svetlov et al., 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 652-659, 2010
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H. Harada, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 604-614, 2010
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Fig.6 (a) Turbine blade with thermal barrier coating, (b) cross section of coating layer.

H. Harada, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 604-614, 2010
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Fig. 7 Cross section of bond coat/substrate interface after 1,100°C for 300hours exposure [8].

H. Harada, 9th Liege Conference — Materials for Advanced Power Engineering 2010, pp. 604-614, 2010
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Isothermal Section at 1600°C.
H. Nowotny et al., Monatsh. Chem. 88 (1957) 180-192.
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