
Mechanical Properties of Interfaces in TiAl α2/γ 
Lamellar Microstructures: Atomistic Study 

 

M. Kanani, R. Janisch, A. Hartmaier 
Interdisciplinary Centre for Advanced Materials Simulation (ICAMS) 

 Ruhr-Universität Bochum, Germany 
 

Abstract  
To improve the ductility and fracture strength of TiAl alloys, one of the crucial tasks is the correct 
understanding of the deformation mechanisms on different scales. Particularly, in a two-phase (γ and α2) 
lamellar structure which consists of various interfaces and lamellae on the nano- to micrometre-scale, the 
importance of having such a multiscale modeling is obvious. Indeed, for a better interpretation and 
understanding of experimental observations based on the knowledge of  nano-scale deformation 
mechanisms, such as lamellar boundary sliding as well as dislocation dissociation, an atomistic modeling 

is required. Quantitative values for stacking fault energies and other key quantities for various interfaces in 
the lamellar microstructure can be obtained through ab-initio density functional theory (DFT) calculations. 
Basic processes and deformation mechanisms in a lamellar microstructure can be modeled via molecular 
dynamics (MD) simulations, ideally benchmarked to DFT results. In this project, we have carried out 
atomistic studies by applying DFT and MD approaches on a two phase α2/γ lamellar microstructure. On the 
DFT level special emphasis has been put on both tensile and shear properties of different lamellar 
boundaries and in MD simulations the dynamic response of the interfaces to loading is tracked. 

 Two kind of interfaces were reported: 1) γ/γ (blue lines)   2) α2/γ  (yellow lines) 
1) Boundary between the same phase but with different orientations. There are only three different 

γ/γ interfaces as: 1- Pseudo Twin (PT)   2- Rotational Boundary (RB)  3- True Twin (TT) 
2) Boundary between γ and α2 phases with different structures. There are 6 different possibilities 

according to the habit relation of:  

The atomistic tensile test results as well as γ-surface calculation are shown for all interfaces and mid-layer of bulk 

phases.  Accordingly, corresponding strength for each direction has been calculated and summarized in final 

graph. In final graph, The normal strength (in [111]) as well as shear strengths in the mentioned easy shearing 

direction are shown for all interfaces and bulk phases. Strengths perpendicular to the interfaces plane are 

surprisingly in the same range for various interfaces and even bulk phases. Shear strengths show small 

anisotropy for interfaces and γ-bulk. Although the interfaces have different orientations for all cases as well as γ-

bulk the [11-2] direction shows an invariant behavior for all of them and it has the lowest strength. 

ab-initio:  
Density Functional Theory (DFT) 
approach using VASP code  with 
exchange correlation effects in 
GGA  and core-valence 
interactions of USPP / PAW. Cut-off 
energy  equal to 550 eV is used. 

We carried out uni-axial tension-compression atomistic tests as well as γ-surface calculations of different 
interfaces to get energy displacement trends in different crystallographic directions. Particularly, in [111]γ,   
<11-2>γ and equivalent paths in α2.  
 

Molecular Dynamics: 
Simulation using ITAP code  
and EAM potential for 
interatomic interactions (Zope-
Mishin, Phy.Rev.B 68,2003) 

σth 

δc 

Ensemble  NVE  
Temp.  30K 
Time step 0.5-1fs 
 

SISF [11-2] 

Loading in SISF 
direction ±[11-2] 

Number of atoms   34560  
Dimension   34x61x281 Å 
Periodic in x and y but not in z  
120 atomic layers in z 

Sliding mechanism 
in stepwise drop 

Different kind of interfaces inside the TiAl lamellar microstructures are studied via DFT 

and MD approaches. The ab-initio part is devoted to obtain mechanical properties such 

as normal and shear strengths and the energy landscape of shear behavior via a γ-

surface calculation.  

Normal strength (in [111]) as well as shear strengths in the mentioned easy shearing 

direction were calculated for all interfaces and bulk phases. 

In addition, MD simulations of TT interface under shear loading along  [11-2] direction 

have been carried out to see the dynamic response of the interface. 

 
 

• Calculated strengths are in the same range for all interfaces as well as bulk phases. 

• Calculated strengths from perpendicular loading are about 4 times higher than the 
parallel loading ones. 

• The [11-2] direction is an invariant easy sliding direction for all interfaces as well as 
the bulk phase. 

• MD simulations showed that for γ/γ-TT, loading in the [11-2] (SISF) direction causes 
grain boundary migration perpendicular to the interface, and deformation dominated 
by grain boundary sliding instead of dislocation nucleation. 

MD simulations using an EAM potential are performed for a TT-γ/γ interface at 30K. Loading is in so called superlattice 

intrinsic stacking fault (SISF) [11-2] direction, which is found to be the weakest direction from DFT study. 

The stress-strain curve is shown for this simulation. As expected, it shows linear elasticity up to around 5% strain, then the 

stress drops and rises again. Visualization shows that this drop is corresponding to grain boundary migration. An enlarged 

graph of the drop shows that it occurs in stepwise fashion and each step is related to an atomic layer shift. This finding is 

completely interpretable according to the γ-surface results of this specific interface.  

Initial location of interface 

Final location of interface 

Summary 

MD simulations of interface sliding 

Conclusions 

Motivation Properties from atomistic scale 
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Mechanical properties from DFT 
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