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Fracture at RT after tensile testing

Figure 1: Secondary electron SEM micrographs of fracture surfaces after tensile 
testing: (a) The duplex alloy reveals mainly intergranular fracture in regions of 
globular γ grains and (b) cleavage-like fracture at lamellar interfaces. (c)/(d) For the 
lamellar alloy a combination of translamellar fracture, interface facets, and 
occasionally delamination of lamellar interfaces was observed. (e)/(f) Longitudinal 
section of a tensile specimen of the lamellar alloy after fracture near the fracture 
surface. (e) In intercolonial γ the crack grows mainly intergranular. (f) For lamellar 
regions the crack propagates inter- and translamellar. Substructures after creep (TEM)

Figure 5: TNB-V5: bright-field TEM images of a lamellar colonies 
after creep showing that the γ lamellae deform mainly by 
dislocation plasticity: (a) High dislocation density within the γ
lamellae and (b) on the lamellar interfaces. (c)/(d) gb analyses 
reveal a large variety of different dislocations, see Table 1. T: 
[1-12](1-1-1) type twins.

Figure 6: TNB-V5: bright-field TEM images showing substructures 
in the globular γ after creep: (a) an equiaxed grain that contains a 
high density of b=1/2[110] ordinary dislocations. The equiaxed γ
grains are generally surrounded by large amounts of α2 phase.      
(b) TEM analyses reveal that the few equiaxed γ grains containing 
deformation substructures show a combination of 1/2[110] ordinary 
dislocations and [112] twins or (c)/(d) 1/2[110] ordinary dislocations 
coupled with activation of [011]-type super dislocations. In the case 
shown here, the dislocations are dissociated.

Table 1: Dislocation configurations in lamella γ2.

[101]1/2[110]1/2[110][101]
[10-1] + 1/2[101] 

+ 1/6[1-1-2]        
+ 1/6[21-1]
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Creep and fracture at high T
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Figure 3: Effect of stress and temperature on the minimum creep rates of the duplex and the 
lamellar alloy. (a) Norton-plot with resulting stress exponents n. (b) Apparent activation energies Q 
for creep (Arrhenius type of temperature dependence).

Figure 4: No change in fracture mode is evident after creep rupture for the lamellar TNB-V2 alloy 
compared to tensile RT testing. (a)/(b) After creep (750°C/250MPa) a combination of inter- and 
translamellar fracture, interface delamination with large interface facets was observed. (c)/(d) The 
intercolonial γ grains show an intergranular fracture.

In the present project, we investigate deformation and 
fracture mechanisms of γ-TiAl alloys. In particular, 
modern 3rd generation high-Nb containing TNB alloys
are under investigation, one with a fine-grained duplex
(TNB-V5) and one with a nearly lamellar (TNB-V2) 
microstructure.
TiAl-based materials are attractive for structural high 
temperature applications due to their low density and 
high mechanical strength as well as high creep and 
corrosion resistance. 
The first objective is the characterization of tensile and 
creep behavior with focus on the influence of mi-
crostructural features on observed properties. The
microstructural deformation mechanisms and the frac-
ture characteristics will be studied by scanning
electron microscopy (SEM) and transmission electron
microscopy (TEM) in combination with quantitative 
metallographic methods.
The second objective is the modeling of the micro-
structural mechanisms of deformation and fracture. 
The experimental microstructural and mechanical data
will be used as a basis for the development of a 
multiscale model for deformation, crack initiation and 
crack growth in lamellar structures.
Furthermore, the role of different types of interfaces
and grain boundaries with respect to initiation and 
crack propagation will be investigated. 

Microscopy and microstructural characterization:

- Scanning electron microscopy (SEM)

- Electron backscatter diffraction (EBSD)

- Transmission electron microscopy (TEM)

- Focused ion beam (FIB) preparation and imaging

- X-ray diffraction experiments

- Optical microscopy

- Confocal scanning microscopy

- Quantitative metallography

- In-situ experiments

Experiments:

Modeling:

Experiments:
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Figure 7: (a) Backscatter electron micrograph of a Pd thin film and (b) the corresponding electron backscatter 
image quality/inverse pole figure map. The project MMM-02-03 “Surface by coarse-grained atomistics”
investigates the influence of the distance between the nanoindentation position and internal interfaces. 
Therefore, a wedge-shaped Pd-Wafer was produced by A. Ludwig, which allows nanoindentation at different 
film thicknesses. (c) shows an example of a dislocation loop initiated by nanoindentation interacting with a grain 
boundary. 

Figure 8: Electron backscatter images of a TRIP 700 steel: (a) image quality/phase map, (b) image 
quality map and (c) image quality/inverse pole figure map. This work is in collaboration with the ASG 
in Aachen in the framework of the project IEHK-02-05 “DiffBain” to describe TRIP steels with respect 
to the simulation of representative volume elements (RVE). 

Figure 9: (a) Transmission electron microscope Tecnai F20. (b) High angle annular dark field (HAADF) 
image of a chromium steel after creep. The image shows the formation of subgrains and interactions of 
dislocations with precipitates. (c) High resolution TEM image of a precipitate (dark) in an aluminum
alloy.

Figure 10: Example for focused ion beam (FIB) imaging. 
Due to a topography contrast, the ion-induced secondary 
electron micrographs show the distribution of α2 phase 
(dark) within (a) the microstructure of a duplex TiAl alloy 
and (b) within a lamellar α2/γ colony.
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Modeling:

Figure 2: The model describes crack 
advance and fracture toughness 
through the lamellar structure as a 
function of the angle between principle 
stress axis and lamellae orientation. 
Plastic deformation within the ductile γ
lamellae leads to high internal 
stresses that may cause fracture in 
brittle α2 lamellae or cause further 
plastic relaxation in neighbouring γ
lamellae.

The high creep resistance of the lamellar structure is explained by the 
geometrical constraints on dislocations that are forced to channel through 
the γ lamellae. This internal length scale of the material must be con-
sidered within the continuum plasticity model in order to give a correct 
representation of the microstructure-properties relation.


