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Outline

« Nanomechanical testing of high temperature materials
(TiAl alloys, superalloys, bond coats)
* Fracture toughness testing with microcantilevers
« FIB milling of microcantilevers
* Fracture toughness evaluation

» Fracture toughness of graded NiAl crystals and bond coats
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Nanomechanical Testing of High Temperature Materials
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High Temperature (< 600°C) Nanoindentation of TiAl alloys

Advanced (-solidifying TiAl alloy

(Ti-44.5A1-6.25Nb-0.8Mo0-0.1B alloy)
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Nanomechanical Testing of FIB Prepared Microsamples

« Nanoparticle testing K

_ . R. Maal3 et al,
M. Uchic Science 2004 Small 2012

Pillar Testing







Experimental Procedure: FIB — Milling
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Properties of the B2 Intermetallic Compound NiAl

Mechanical properties

« Strong anisotropy

« ,Hard orientation” loading along <100> direction
« ,Soft orientation” loading along >110> direction

« Limited amount of plasticity

Crack propagation (Thome, Goken, Vehoff, Intermetallics 7, 1999)
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Fracture Behaviour of ,Soft” and ,Hard” NiAl Crystals
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Microcantilever Testing of NiAl with a Nanoindenter

J-Integral approach

J = Jetastic +]plastic
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NiAl — Fracture Toughness of Soft/Hard Single Crystals

Kiq/ MPav(m)

crack tip plasticity
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Microcantilever experiments give reliable results

No size effect in fracture toughness
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Oxidation Protection Bond Coats

EDX Phase Mappmg

bond coat
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The intermetallic 3-NiAl phase

B2 (CsCl-type)
crystallographic

structure ASM International, Diagram No. 100023
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The Intermetallic 3-NIAl Phase

B2 (CsCl-type)
crystallographic

Al-rich: Ni-vacancies

[011]

[111]

structure ASM International, Diagram No. 100023
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The Intermetallic 3-NIAl Phase

B2 (CsCl-type)

Strength:

crystallographic 5100>
structure ASM International, Diagram No. 100023
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Preparation of Graded NiAl Single Crystals

By annealing stoichiometric single crystals at 1100 °C/100h

Al atoms evaporate out

100

4 50

4 -100

-150

-200

ot Nianl b g

41 -250

30 40 50 60 70
Concentration / at%

=> Single crystalline graded samples !

Distance to interface / ym

—
r
i
T
T

University Erlangen-Nurnber

Mathias Goken Materials Science & Engineering

17



Nanoindentation — Hardness & Young’s Modulus

Taylor, J. Appl. Cryst., 5, (1972) 201-209
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Microcantilever Tests on Off-Stoichiometric SX-NiAl
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Fracture surface

[ Al-rich NiAl ]

{ Ni-rich NiAl J

FIB-Anriss

— Ni-rich NiAl:

short period of stable crack growth
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Influence of Al-content on Fracture Toughness in NiAl
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Micro-cantilever Testing of Bond Coats

Substrate

Bond Coat Notch
Polycrystall '# / \i |
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Positioning of cantilever in one grain
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Comparison Between Bond Coats and SX-NiAl
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Conclusions

Microcantilever testing good method for
measuring local fracture toughness

Graded SX-NiAl and bond coats Hardness
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Nanoindentation |
« Stochiometric Ni-50Al shows the lowest hardness \—N/

|
Ni } Al

Micro cantilever tests
» Fracture toughness highest for stochiometric Ni-Al
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Fracture
» Al-rich NiAl shows a constant fracture toughness toughness

decreasing Al-content
Ni
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» Ni-rich NiAl shows a decreasing fracture toughness with |
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New y‘-Strengthened Cobalt-Base Superalloys
Neumeier, Freund, Gbken, Scripta Mater. 109, 104 (2015)
See Poster 10




