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Ordered crystal structures due to strong
bonding forces between the metal atoms

! 1

Unique mechanical properties
® high Young’'s moduli, high-temperature strength retention, (low density — TiAl)

High thermal conductivities

® higher than engineering ceramics = higher cooling efficiency and lower
thermal stresses

“Ceramic” behaviour at room temperature -
“metallic” behaviour at elevated temperature

® [ow (TiAl) or no (NiAl) ductility at room temperature

® some intermetallics (TiAl) can be processed using conventional
metallurgical methods = economically competitive
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— TNM™ alloys: Ti-(42-45)Al-(3-5)Nb-(0.1-2)Mo-(0.1-1)B
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—> Light weight structural materials: ~ 4 g/cm®
(50 % less dense than superalloys and steels)

—p ...and several other attractive properties

* high specific modulus
* high specific strength
« good oxidation resistance

* resistance against “titanium fire”

To be used in high-temperature technologies
= Aircraft engines, automotive engines

m=) Application benefit: higher efficiency, lower
fuel consumption and reduced emissions
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Alloy range: ~ 42 -49 at% Al

Important temperatures: eutectoid: o — a, (+7)
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M. Oehring, V. Kiustner, A. Chatterjee, V. Guther, H. Clemens, and F. Appel,
Proceedings “Gamma Titanium Aluminides 2003”, pp. 89-96.
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Neutron diffraction
TEX-2 diffractometer,
HZG Research Centre
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o - Ti.Al silicides
; has3e <—‘ — PB/B, phase carbides
Ti - (42-48)Al
a, volume fraction T refinement of microstructure 1
strength 1 hot-workability T
RT ductility § oxidation resistance T
oxidation resistance § creep strength T

refinement of microstructure 1

RT ductility T creep strength T
superplasticity 1
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...to aim at good hot-workability and balanced mechanical properties
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Calculated phase diagram
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~Processing of titanium aluminides

forging
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Large
dimensions
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Bohler Schmiedetechnik, Kapfenberg, Austria

Conventional hot-die
forging process
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Information on: e phases & phase fractions
e phase transitiontemperatures
e ordering behaviour

e recrystallization & grain growth behaviour

Application of Photons and Neutrons
for the Innovation of Engineering Materials
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Response of patterns on hot-working, e.g. forging

Dynamic recovery Dynamic (continuous)
recrystallization

(Perfect) starting
microstructure

(Cold) working Dynamic recrystallization

*e




Résumé of in- and ex-situ experiments m
MONTAN

Materials Testing

UNIVERSITAT
i

WWW.UNILEDBEN_AC.A]

 Overall grain refinement occurs during deformation in the
(a+f3)-phase field region

* A high defect density is observed in the a-phase, a lower
one in the -phase

Proposed predominant processes occuring during
hot-working in the (o + B)-phase field region :

* Dislocation slip and slow recovery in a-phase (smaller SFE)
» Slip and very fast recovery in 3-phase (higher SFE)
— extended recovery (in-situ recrystallization)

SFE: stacking fault energy
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Example of NLy microstructure showing balanced mechanical properties

Globular
y-grains

Lamellar
Y o=
colonies

Globular
B,- grains

Microstructural parameters: e lamellar colony size and lamellar spacing

e volume fraction and size of globular B, and y
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Tensile test
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Tensile ductility is mainly determined
by the fraction of globular y-grains!
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