Development of components based on Ti,AIC / fiber
composites for aggressive environmental conditions

Sylvain Badie

Energie & Umwelt/Energy & Environment
Band/Volume 603
ISBN 978-3-95806-680-9

IJ JULICH

Forschungszentrum

Mitglied der Helmholtz-Gemeinschaft




Forschungszentrum Jilich GmbH
Institut fir Energie- und Klimaforschung
Werkstoffsynthese und Herstellungsverfahren (IEK-1)

Development of components based on
Ti,AlC/fiber composites for aggressive
environmental conditions

Sylvain Badie

Schriften des Forschungszentrums Jilich
Reihe Energie & Umwelt/Energy & Environment Band/Volume 603

ISSN 1866-1793 ISBN 978-3-95806-680-9



Table of content

(O gF=To) (=T gl B 111 oo 11 o] ISR 1
I-1 STALE OF TNE @IT.....oeiieiee bbbt b ettt 1
1-2 MAX phases, @ GENETAl OVEIVIEW ..........c.euiiiriiiieieieinisesie ettt 4
I-3 Synthesis of Ti;AIC........

I-4 Processing of Ti,AIC
1-4.1 Porous templates, f0ams and COALINGS ......cveiveiveiiriiiiiiii e 14
1-4.2 COMPIEX SNAPES ...vevveieeieiet ettt ettt sttt et e e e reereenes 15
I-5 Oxidation performance Of Ti2AIC ..o 17
1-5.1 Fundamental MeChaNiSMS.........c.ccuiiiiiiiee s 18
1-5.2 OXIdation OF TI2AIC.......coiiieces e 20
1-5.3 Breakaway oxidation of Ti2AIC and TisAlCz ... 26
1-5.4 Improvement of the oxidation of Ti-Al-C MAX Phases..........ccccvvvvviiienienienieneneseseeeeeens 29
1-5.5 MAX phases and thermal barrier COatings...........ccceveririrrieeiininsseeees e 30
1-6 Mechanical properties Of Ti2AIC ... 32
I-7 Ceramic Matrix Composites .. 38
1-7.1 Introduction to ceramic MatriX COMPOSILES.........curveerererertierie ettt 38
1-7.2 MAX PhasSe COMPOSITES .....vvivvivrieeiiesiesiiiiesie e s sttt sttt te sttt sae e seens 40
1-7.3 Composites in the Ti-Al-C SYSIEM.......cviiiiiririieieee e 42

Chapter 11: EXperimental ProCEAUIES ..........cociiiriiriiece et 44

11-1 Preparation Of raW MAaterialS..........ccoieiriiiieieeee et 44
11-1.1 Synthesis Of TizAIC POWAETS ..o 44
H-1.2 ATUMING FIDEIS ...ttt 45

11-2 Manufacturing of coOmpIeX ShaPES........cieiieiiiiiiiie e 46
11-2.1 FeedStOCK Preparation.........oc et 46
11-2.2 Powder Injection Molding . A7
11-2.3 Chemical and thermal debinding............ccooiriiiiiiii e 49

11-3 DeNnSIfiCatioN PrOCEAUIES ......cviiiiriirieiiesieie et b bbb sbe b et eseerens 50
11-3.1 Pressureless Sintering Of TisAIC ........coiiiiii e 50
TI=3.2 FASTISPS ..ottt ettt ettt s ettt b ettt et benesbere e 50
11-3.3 Pressureless sintering of COmMpIex ShAPES.........coceiiririiiecee e 51
11-3.4 Powder bed sintering of COMPIeX SNAPES .......cc.cvieiiriiiire et 51

11-4 OXIdation PEITOMMANCE.......cviiiiiiriie et sbe b b e b ereere e 52
11-4.1 OXidation Of Ti2AIC ..o 52
11-4.2 Breakaway oXidation Of Ti2AIC ........cvieiiiiiiicecese e 52

11-4.3 YSZ-coated Ti.AIC
11-4.4 Burner rig testing.......... ... 54

viii



11-5 MeChaniCal PrOPEITIES ...t 56

11-5.1 Vickers hardness and apparent toUGhNESS .........cccveveiriririnieieiiisseeee s 56
11-5.2 High-temperature COMPreSSION tESES .......cuiueerieiiririerire ettt 56
11-6 Characterization methods.................. .. 57
11-6.1 Particle size distribution .57
11-6.2 Qualitative/quantitative phase analySis ... 57
11-6.3 Microstructural CharaCterization.............cccovvrirnireeerirrs e 58
Chapter 111: Synthesis of TizAIC POWAEIS ........cccvvriiiiiiiiee e 60
Chapter 1V: Injection molding of COMPIEX SNAPES.........coviiiriireere e 68
IV-1 Powder injeCtion MOIAING ......c.cviiririiiiieieiieieee bbb 68
1V-2 Chemical and thermal debinding ........ccccoveieiiiiiie e 71
Chapter V: Densification 0f Ti2AIC ..o 74
V=1 PreSSUIEIESS SINEEIING .....e.viviuiieeierteieieeteriet ettt ettt sttt b et nnas 74
V-1.1 Pressureless sintering of cylindrical COMPACES..........ccoureiirreriieineree e 74
V-1.2 Pressureless sintering of complex shapes L T7
V-2 FASTISPS ..ottt 80
V-2.1 FAST/SPS of cylindrical COMPACES.........covireiiiiirisieeeee e 80
V-2.2 Powder bed sintering of COMPIEX SNAPES .......covririrrriecer e 85
Chapter VI: OXidation FESPOMNSE ......cciueuirieierieiirieteiete ettt b ettt ettt sb b sn bt et e b neenas 94
V1-1 1SOthermal OXIAALION .......cveveiiiiiiciee et 94
VI-1.1 Surface roughness-dependent oxide Morphology ..........ccocereiiriiinineiiierseeses e 94
VI1-1.2 OXide SCAIE TUMPIING .....ocviiiiiiiireietee e 98
V1-2 Breakaway OXIGAtION .........ceuiiiririieiceiri e 103
VI1-2.1 EVOIUtion Of FUMPIING .....ccooiiiiiiie e 103
V1-2.2 Oxide scale blistering
V1-2.3 Breakaway 0Xidation PheNOMENON............cciiriririiiciiiinsseeiee e 108
VI1-2.4 Corrosion-induced BIIStEIING .........cccieiiririeiieee e 115
V1-3 Oxidation of YSZ-Coated Ti2AlC ..o 116
VI-3.1 YSZ COatiNg @0NESION ......cveieierieiieicticte sttt sttt snearesbesrennens 116
V1-3.2 Thermal cycling of YSZ-coated TizAlC ........ccoiiiiiiniiieerreeee e 118
V1-3.3 Oxidation of YSZ-coated TioAIC COMPOSITES........cueveviirireiieieieiirseieieee e 124
V1-3.4 BUINEE FIQ TESTING ....veveietiieteistee ettt et be e 126
VI-4 Oxidation 0f PIM COMPONENES........c.ciiiiiiiriiiiieiesiecseee ettt 128
Chapter VII: Mechanical ProPEITIES .......ccvciiiiiiiieieieiees et sbe b srennens 131
VII-1 Fractographic analyses
VI-1.1 MONOKENIC TH2AIC . ...ttt 131
VI11-1.2 Fiber-reinforced TizAIC COMPOSITES........c.eviiriririiieiieiisisisieieiees s 132
VI1I-2 Vickers hardness and apparent fracture toUGhNESS ..........cccoeerrerireiireesee e 133



VI11-3 High-temperature cOmpressive StreNGth ...

Chapter VIII: Conclusion and outlook

REfErences .......cocoevvvveceeeiece e



Energie & Umwelt/Energy & Environment
Band/Volume 603
ISBN 978-3-95806-680-9

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



	Leere Seite
	Leere Seite
	Leere Seite



