Prediction of Oxidation Induced Life Time for
FCC Materials at High Temperature Operation

Ran Duan

Mitglied der Helmholtz-Gemeinschaft

Energie & Umwelt/
Energy & Environment , o0
Band/ Volume 374 ’ JULICH

ISBN 978-3-95806-230-6 FORSCHUNGSZENTRUM



Forschungszentrum Jilich GmbH
Institute of Energy and Climate Research (IEK)
Microstructure and Properties of Materials (IEK-2)

Prediction of Oxidation Induced Life Time for
FCC Materials at High Temperature Operation

Ran Duan

Schriften des Forschungszentrums Jilich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 374

ISSN 1866-1793 ISBN 978-3-95806-230-6



Content

Content

1 INEFOTUCTION ..ttt 1
1.1 Current applications of high temperature SUPEralloys ...........ccccccciriniciiiiiiciie e 1
1.2 Classification of high temperature SUPEralloys...........oociiiriiiiciiiiceie e 3
1.3 Oxidation resistance of nickel base SUPErallOYS ...........ccciririiriiciiiiiiicc e 4

2

3

1.4  Status of studies on lifetime prediction

ATM OF PrESENT STUY ...ttt bbb enas 8
BaSiCS OF OXIAALION ...ttt 9
3.1 Thermodynamics OF OXIAALION ...........eeiririiiiieiii bbbt 9
3.2 KINELICS OF OXIAALION. ...ttt bbbttt bbbt ebens 13
3.2.1  Diffusion controlled 0Xide GroWEN.........c.coeiiiririiiiiieee e 13
3.2.2  Oxidation rates of COMMON MELAIS...........ccuiiiiiiii e e 16
3.3 OXIAALION OF AHOYS ...ttt b ettt b et ne e 18
3.3.1  From internal to protective external OXidation ..o 18
3.3.2  Main stages of oxidation for chromia forming alloys ............ccccerniiininiiiciinciece 20
3.3.3  VOlatilization Of OXIGE ....c..ieieiiriiiiie ettt 25
334 Effects of alloying ElEMENTS........c.ccoririiiiiiiiii et 25
EXPErIMENTAL ... 28
A1 MELEITAIS ... 28
4.2 Preparation Of SPECIMENS ......c.uiiiiiirieiririieiei ettt b bbb bbb bbbttt enn 29
4.3 OXIAAION TESTING .. ettt b et b bbb bbbt b ettt b et ens 29
4.3.1  DiSCONTINUOUS EXPOSUIE ......vvvsiiietesesetststeseseasstesesesesessesesesssbssesestsessesesesessssssesasesabesesessssssasesans 29
4.3.2 TREIMOGIAVIMELIY ....ecviuieiietetete ettt bbbttt b et bbbt b bbbttt bebens 30
4.4 Characterization methods of 0Xidized SPECIMENS ..........ccciririiiiiiiiiice s 30
Effect of specimen thickness on microstructural changes during oxidation of alloy 230 31
5.1 Analyzed chemical COMPOSItION.........cccovririviciiriiicciinee .31

5.2 Example of oxidation kinetics and subscale chromium depletion ...

5.3 Oxidation induced miCrostruCtural CANGES...........ovrviueuiiriiieieiei ettt 35
5.4 Modeling dissolution of MgC and enrichment 0f MogC.......cceiriririiiiiiiniricereie e 44
5.5 Modeling the formation of nitride in the center 0f SPECIMEN............ccviiiiiciiniee e 52

Development of lifetime diagram for alloy 230.........cccccovieiiniiiiiinnceee s 56
6.1 CUITENE APPIOACH ...vviiitetiiii ettt bbbt bbb bbbkt b bt e et e b e b e bt e s e 56
6.2 Oxidation and depletion KINETICS ..........ccooiiiiiiiieiiiiisieee ettt 58
6.3 SUDSCale EPIETION PrOCESS .......cvcueiiiiteteie ettt ettt bbbttt bbb bbbt n e 63



Content

6.4 Modeling oxidation induced damage and lifetime HMitS..........ccovriiiiinicini e 68
6.4.1  Modeling oXidation KINELICS .........coeririirieieiiirieeies ittt 68
6.4.2  Modeling oxide spallation and re-healing ...........cccceeirirrieiiiiieee e 70
6.4.3  Correlating oxidation kinetics and Cr depletion...........ccccoreiiiiiiiiinieee e 75
6.4.4  Construction of liIfetime diagram .........cccooiiiiriiii e 76

7 Modeling oxidation induced lifetime limits with non-steady-state finite difference

7.3 Time dependent subscale depletion ....

7.4 Modeling of HFetime HMItS ..o 86
741  FDM for steady-state OXIGAtION ..........cccviuiiririiiiiiieetce e 86
7.4.2  Formulation and results of FDM for non-steady-state oXidation .............c.ccccornreiiirinnccrninnns 91
7.4.3  Prediction of critical chromium depletion with FDM for non-steady-state oxidation................... 94

8  Microstructural changes and oxidation induced damage during oxidation of alloy X .. 100

8.1 Analyzed chemical COMPOSITION ........c.cuiuiiiiieieiiiie ettt 100
8.2 OXIALION KINBLICS .. ..vvvviicc ettt 100
8.3  Microstructral changes and subscale depletion...........ccocooieeiiniriii s 105
8.4 Modeling nitride formation and diSSOIULION.............ceiiiiiiiiiiiee s 118
8.5 Results of lifetime prediction using reservoir apProach ..o 120
9  Oxidation behavior and lifetime of NiCr 8020 SO ........ccooveierneiinienreie e 124
9.1 Analyzed chemical COMPOSITION ........cvcveuiririiieiiii et 124
9.2 OXIAtION KINBLICS ......vviiiiccccc ettt 124
9.3 Oxide scale formation and subscale depletion ... 126
9.4 Results of lifetime prediction using reservoir apProach ... 137
10 Oxidation behavior of austenitic steel Nicrofer 2020 LNi.........ccccovvireiiicvnnneinnnnens 142
10.1 EXPEIIMENTAL ..ot 142

10.2 Oxidation KIiNetiCs ........ccvvevveveveieiiiieienen ....143

10.3 Microstructrual changes and oxide formation.

10.4 Subscale chromium AeplEtioN ..o 157
10.5 Lifetime diagram of Nicrofer 2020............cceoiiiiiiiiiniiicieet e 163
10.5.1  GENEFAI FEMATK ...ttt bbbttt b ettt 163
10.5.2  Construction of lifetime diagram ..o 163
Summary and CONCIUSIONS..........ooeiiiriiiee e 166
BIDIIOGIAPNY . .cvvcc e ns 172



Energie & Umwelt/
Energy & Environment ’ o0
Band/ Volume 374 ’ JULICH

ISBN 978-3-95806-230-6 FORSCHUNGSZENTRUM




	Titelei 374 Duan.pdf
	Leere Seite

	Leere Seite

