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Use of 

γ-TiAl + α2-Ti3Al Alloys 

in High-Temperature 

Structural Applications



Favorable High-Temperature Properties:

•Excellent Creep Resistance

•Excellent Oxidation Resistance

•Light Weight

Limitations to Applications:

•Low Ambient-Temperature Ductility

•Low Ambient-Temperature Fracture 
Toughness (KIC< 30 MPa√m)



Crystal Structures Crystal Structures 

and and 

Slip SystemsSlip Systems

in in 

γγ--TiAl and TiAl and αα22--TiTi33AlAl



2αa

2αa

2αc

L1o γ-TiAl 
Structure

Al

Ti



2αa

2αc

DO19
α2-Ti3Al 

Structure

Al

Ti



γ-TiAlBases:
Orthogonal

Orthonormal
Lattice Parameters

]011<

]0112
1 <

γ
2e

γ
3e

γ
1e

]011<

cγ

bγ

aγ

aγ

aγ

cγ

{111}

]2112
1 <

Active Slip 
Systems:

}111]{110 and
}111]{110

<

<



HCP
Cell

a3

a1

a2

c

e1
c

b

a

a=a2
b=a3-a1 

c=c

e

e2
c

e3
cSimple 

Hexagonal
Ortho-

Hexagonal
Hexagonal

Prism



Simple 
Hexagonal

Ortho-
Hexagonal
Hexagonal

Prism

α2-Ti3Al

C

a2

a1

)0011(

]0211[

a3Prismatic

Slip Systems
{ } >< 10210110



a1
)0001(

]0211[
a2

a3

c

Simple 
Hexagonal

Ortho-
Hexagonal
Hexagonal

Prism

α2-Ti3Al

Basal

Slip Systems
( ) >< 02110001



Simple 
Hexagonal

Ortho-
Hexagonal
Hexagonal

Prism

α2-Ti3Al

Pyramidal

Slip Systems

{ } >< 62111211

a1

]6211[

a2

a3

c

]0211[

)1211(

)0111(
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Crystal PlasticityCrystal Plasticity

FormulationFormulation
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Materials Constitutive Model, cont’d.
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Materials Constitutive Model, cont’d.

Elasticity Tensor for γ-TiAl Phase

Six Independent Non-Zero Components

C11=C22, C33, C12, C13=C23, C44=C55, C66

Elasticity Tensor for α2-Ti3Al Phase

Six Different (Five Independent) Non-Zero 
Components

C11=C22, C33, C12, C23=C13, C44=C55, 

C66=0.5(C11-C12) 



Materials Constitutive Model, cont’d.
Definition of Slip Plane Normal and Slip Direction Components

For a {h k l} <u v w> slip system in γ-TiAl
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Materials Constitutive Model, cont’d.
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Materials Constitutive Model, cont’d.
Shear Resistance Evolution Equation
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Materials Constitutive Model, cont’d.

Latent Hardening Rate 
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Determination of Determination of 

CrystalCrystal--Plasticity Plasticity 

Parameters for Parameters for 

γγ--TiAl and TiAl and αα22--TiTi33Al Al 

Single CrystalsSingle Crystals
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Results Cont’d.

This WorkThis WorkN/AN/A1.41.4qqll

Latent Latent 
Hardening Hardening 
ParameterParameter

This WorkThis WorkN/AN/A0.0140.014mmStrain Rate Strain Rate 
SensitivitySensitivity

This WorkThis Workss--110.0050.005Reference Reference 
Shearing RateShearing Rate

(22)(22)GPaGPa5050CC6666Elastic ConstantElastic Constant
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(22)(22)GPaGPa190190CC1111Elastic ConstantElastic Constant

ReferenceReferenceUnitsUnitsValueValueSymbolSymbolParameterParameter

0
~γ&
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Crystal-
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Single Crystals



Results Cont’d.
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Results
Crystallographic Parameters for the α2-Ti3Al Single Crystals 

Used in the Work of Inui et al.
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Results Cont’d.

Table Cont’d.
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Results Cont’d.

Orientation
of the

Loading Axis

γ]111[
Exper.
Fitting          

γ]101[

γ-TiAl + 
α2-Ti3Al 
Single 

Crystals

Curve  
Fitting



Results Cont’d.
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Integration of Material State
(a) Compute Fp-1(τ)

)()()(
1

tFtFtF pe −

=

{ }ItFtFtE eTee −= )()(
2
1)(

( ))()( tECtT ∗∗ =

αατ 0)()( StTt ⋅= ∗



Integration of Material State, Cont’d.
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Integration of Material State, Cont’d.
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FE Modeling of FE Modeling of 

Deformation and Fracture Deformation and Fracture 

in Polycrystalline in Polycrystalline 

γγ--TiAl + TiAl + αα22--TiTi33AlAl

Single CrystalsSingle Crystals
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Schematic:
γ–TiAl/γ–TiAl 

(γ1/γ2) bicrystal used 
for determination of 

the (111)γ1/(111)γ2 
lamellar interfacial 

potential.



Equilibrium 
Configuration:
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Un along 21 ]111//[]111[ γγ

Variation of Interface Potential for

Lamellar Interface21 ]111//[]111[ γγ
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Relationship Between Interface Potential Function Φ
and Un, Ut, and Ub for all γ-TiAl/γ-TiAl Lamellar 

Interfaces and Colony Boundaries Analyzed
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Decohesion Potential Parameters for one 
γ-TiAl/ γ-TiAl Lamellar Interface and one 

colony boundary

Lamellar BoundaryLamellar BoundaryLamellar BoundaryLamellar Boundary

1.071.070.5780.578λλbb, nm, nm

3.673.6712.3512.35λλtt, nm, nm

0.050.050.050.05δδnn, nm, nm

bb--DirectionDirection

tt--DirectionDirection

nn--DirectionDirection

Interface TypeInterface Type

ParameterParameter
21 )111/()111( γγ 21 )110/()001( γγ

21 ]111/[]111[ γγ

21 ]111/[]111[ γγ

21 ]111/[]111[ γγ

21 ]110/[]001[ γγ

21 ]111/[]011[ γγ

21 ]112/[]011[ γγ

Table Cont’d



Table Cont’d

0.3740.3740.5610.561ΦΦ(U(Unn→∞→∞), J/m), J/m22

0.730.731.651.65ττmax,b max,b , GPa, GPa

12.712.70.1600.160ττmax,t max,t , GPa, GPa

1.211.212.012.01σσmaxmax , GPa, GPa

--5.025.0200αα00

1.171.1700αα55

--3.423.4200αα44

--0.310.3100αα33

0.420.42--11αα22

--0.1450.145--0.0390.039αα11
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Interface Element Formulation

Interface Displacements: Displacements at nodes A&B 
mapped to those at nodes 1, 2, 3 and 4
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Interface Element Formulation 
Cont’d:

Normal and Tangential Components of Interface Displacements:
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Interface Element Formulation 
Cont’d:

Perturbation of Interface Potential:
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Interface Element Formulation 
Cont’d:

Residual Nodal Forces in Global Coordinate System:
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Finite ElementFinite Element

Formulation andFormulation and

ResultsResults
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ConclusionsConclusions

• Crystal Plasticity can reasonably well account for deformation behavior 
of γ-TiAl and α2-Ti3Al Single Crystals as well as γ-TiAl + α2-Ti3Al 
Polysynthetically-Twinned Single Crystals.

• Deformation Behavior in Polysynthetically Twinned Single and 
Polycrystalline γ-TiAl + α2-Ti3Al alloys is Dominated by Soft-Mode Slip in  
γ-TiAl and Hard-Mode Slip in α2-Ti3Al.

• Plastic Flow Incompatibilities Near Some Three-Colony Junctions Gives 
Rise to Tensile Hydrostatic Stresses and Inter-Colony Fracture.

• Presence of Interlamellar Boundaries in Colonies Leads to Delocalization 
of Fracture and in Turn, to a Higher Damage Resistance of the Material.

• Good Agreement With Experiments Relative to the Role of lamellar and 
Colony Boundaries on Fracture Toughness and Initiation of Fracture.
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