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Abstract: Based on the analyses of the microstructures and phase diagrams of the TiAl-based alloy, the relationship among the 
composition, structure and mechanical properties of the B2-containing γ-TiAl alloys was reviewed. The refinement of 
microstructures and improvement of mechanical properties of TiAl alloy through stabilization of the β/B2 phase were reviewed. The 
mechanism of the superplastic behavior of the B2-containing γ-TiAl alloys was discussed. With a reasonable addition of β-stabilizer, 
metastable B2 phase can be maintained, which is favorable for fine-grained structure and better high-temperature deformation 
behaviors. The mechanical properties of the B2-containing TiAl alloy, including the deformability and elevated temperature 
properties, can also be improved with doping elements and subsequent hot-working processes. The above mentioned researches 
discuss a new way for developing TiAl alloys with comprehensive properties, including good deformability and creep resistance. 
Key words: β-stabilizing elements; B2 phase; TiAl-based alloys; phase diagram; grain refinement; thermal processing; superplastic 
deformation 
                                                                                                             
 
 
1 Introduction 
 

With the fast development of modern industry, 
especially the aerospace industry, how to enable 
materials to efficiently serve at high temperatures is very 
essential. It is potential to use lightweight materials to 
reduce consumption of energy and achieve a sustained 
development of society. Gamma-TiAl alloy has 
continued to attract much attention from scientists for its 
properties of low density, high specific strength and 
moduli, good resistance against creep, oxidation and 
corrosion at elevated temperatures. In the last 30 years, 
the alloy based on γ(TiAl) phase with a tetragonal L10 
structure has been extensively studied. It also contains a 
certain amount of α2(Ti3Al) phase with a close-packed 
hexagonal D019 structure. Gamma-based TiAl alloy, with 
about half of density of traditional Ni-based alloy, can 
also be in service durably at elevated temperatures [1−5]. 

However, its inherent ductility still maintains a 
problem affecting the forming processes, even at high 
temperatures. By being alloyed with some strong β(B2)- 
stabilizing elements, such as refractory metals (Cr, Nb, 
W and Mo), the γ-TiAl alloy with a fine-grained structure 
may maintain a metastable B2 phase (the ordered phase 

of β at low-temperature) in γ phase, and have favorable 
high-temperature deformation ability [2,6−8]. 
Consequently, the B2-containing TiAl alloy (the γ-based 
TiAl alloy contains a certain amount of β(B2) phase) has 
arisen much concerns. 

It is also important to know why and how the β(B2) 
phase can be formed in γ-based TiAl alloy, and what is 
the effect of B2 phase on microstructure and properties. 
Thus most of researches on the B2-containing TiAl alloy 
focused on the development of new TiAl alloy which 
possessed excellent mechanical properties and 
favourable workability. 

In this work, the authors will summarize the recent 
progresses on the investigation of B2-containing TiAl 
alloy, including the composition−structure−property 
relationship, the effect of β(B2) phase, the deformation 
and superplastic behaviors, and the applications. The 
authors aim to provide useful reference for designing and 
tuning mechanical properties for the new B2-containing 
intermetallics. 
 
2 B2-containing TiAl alloy 
 

In the early 1980s, scientists [9,10] have already 
begun to pay much attention to the existence of B2 phase  
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in TiAl alloys. Similar phenomena have been observed in 
a certain amount of ordered β phase (B2(CsCl) type 
structure) occurring in refractory metal-containing TiAl 
alloy system. KIMURA et al [11] investigated the effect 
of additional elements X(including V, Cr, Mn, Nb, and 
Mo) on γ-based titanium aluminides. The β phase is 
stabilized due to phase equilibria among γ(TiAl), 
α2(Ti3Al) and B2 (B.C.C. Ti) [7,12] phases. 

The B2-containing TiAl alloys usually have Al 
concentrations of 44%−48% in mole fraction. INKSON 
et al have studied some B2-containing TiAl alloys, such 
as Ti−45.5Al−1.6Fe−1.1V−0.7B [13] and Ti−47Al−4(Cr, 
Nb, Mo, B) [14]. The existence of β(B2) grains is 
beneficial for grain refinement and high-temperature 
deformation. Compared with other TiAl alloys of γ+α2 

phase, although their strength has not been enhanced 
definitely, their plastic deformation properties at elevated 
temperatures have been improved remarkably. 
Researchers [1,15−20] identified the superplastic 
behaviors, which are partially attributed to the existence 
of B2 grains in B2-containing TiAl alloys. 

Several applications, i.e. turbine blades and 
engine-valves made of B2-containing TiAl alloys, have 
been announced by CLEMENS [21], TETSUI [22] and 
GE company [23,24]. Most of the components possess 
satisfactory properties for the applications. 

In order to better understand the effect of β(B2) 
phase, the following aspects for B2-containing TiAl alloy 
were concerned: 1) Relationship between composition 
and microstructure, to understand how to control the 
contents of phases and microstructures through alloying 
and succedent thermal processing(es); 2) Relationship 
between structure and properties, to reveal the 
mechanism of strengthening-toughening, creep and 
oxidation processes, and to clarify the influence of B2 
phase on performances at elevated temperatures; 3) 
mechanism of deformation and superplastic behavior, to 
study how to improve the thermal deformation ability 
and performance by controlling the composition and 
structure, and to develop a new B2-containing TiAl alloy 

with proper properties which can be used as a 
high-temperature lightweight material for industrial 
applications. 
 
3 Composition−structure−property relation- 

ship 
 
3.1 Composition and structure 

Phase structure, equilibria and characteristics of 
B2-containing TiAl alloy should be clearly identified for 
designing compositions and thermal processing 
procedures. 
3.1.1 Structure and characteristics 

According to the Ti−Al binary phase diagram, the β 
phase hardly occurs as an ordered B2 variant in Al-rich 
compositions. However, it can appear in Al-lean section, 
which contains some refractory metal stabilizers. 

The crystallographic data of some stable and 
metastable phases occurring in the Ti−Al−X system are 
given in Table 1, and the crystal structures of phases 
present in the B2-containing TiAl alloy are shown in  
Fig. 1. It has been reported that the position substituted 
by different β-stabilizing elements in the lattice of B2 
phase is varied. Usually, alloys (such as Cr, V and Nb) 
are easy to substitute the Ti sublattice [25]. Molybdenum 
appears to substitute either Ti or Al sublattice. CHEN 
and JONES [26] have shown that when the titanium or 
aluminium content drops, Mo substitutes the titanium or 
aluminium sublattice, respectively. The substitution will 
induce the change of lattice parameters and density of B2 
phase. 
3.1.2 Phase equilibria and phase diagram 

Phase diagrams, including Ti−Al multi-component 
systems, are useful for the graphical representations of 
the phase changes, design and control of heat treatment 
procedures. 

The thorough assessment of the binary Ti−Al phase 
diagram by MURRAY [36] in 1987 has been considered 
a standard reference, and also reassessed in a 
comprehensive study using all available experimental  

 
Table 1 Crystal data for Ti−Al−X system 

Cell parameter [27]  
Alloy Density/ 

(mg·m−3) a/nm c/nm γ/(°)
Personal symbol Space group Crystal structure Reference

β(ht Ti) 4.31 0.333 0.333 90 cI2 m3Im  BCC-A2 [28] 

α(rt Ti) 4.12 0.289 0.464 120 hP2 P63/mmc HCP-A3 [29] 

α2(Ti3Al) 4.22 0.578 0.465 120 hP8 P63/mmc D019 [30] 

γ(TiAl) 3.82 0.283 0.407 90 tP2 P4/mmm L10 [31] 

B2(TiMo0.5Al0.5) 5.63 0.318 0.318 [32] 

B2(TiNb0.5Al0.5) 4.75 0.324 0.324 [33,34] 

B2(Ti1Cr0.3Al0.7) 4.55 0.312 0.312

90 cP2 mPm3  B2 

[35] 

* a=b and α=β=90°. The values of density and (a, b, c) will be changed after alloying with some other different elements. 
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Fig. 1 Crystal structures of phases in B2-contaned TiAl alloy [3]: (a) Hexagonal α2 (Ti3Al) phase (D019); (b) Tetragonal γ(TiAl) phase 
(L10); (c) Cubic B2 phase 
 
data by SCHUSTER et al [6] in 2006 (shown in Fig. 2). 
γ(TiAl) phase with Al concentrations of 44% to 48% in 
mole fraction, according to the phase diagram (Fig. 2), 
will follow the phase transformation path: L→L+β→ 
α+β(or α)→α→α+γ→α2+γ on solidification process from 
high temperature to room temperature. KAINUMA et al 
[37,38] confirmed the existence of the β(A2)/β2(B2) 
order−disorder transition in the B.C.C. phase nearby 
“△” region, as shown in Fig. 2. 
 

 

Fig. 2 Ti−Al system according to assessment of SCHUSTER 
and PALM [6] 
 

JIN [39] and ZHAO et al [40] have used the 
approach based on high-throughput diffusion multiples 
and electron probe microanalysis(EPMA) to map simple 
binary or complex ternary phase diagrams. Whereafter, 
there is an order-of-magnitude increase in efficiency to 
establish ternary phase diagrams. The ASM alloy phase 
diagrams center [27] collected more than 1000 ternary 
phase diagrams of Ti−Al−X systems, which X includes 
the element C, Co, Cr, Cu, Fe, H, Mn, Mo, N, Nb, Nd, O, 
Sn, Si, Y, V and W, involving some Ti−(42−49)Al− 
(0.1−10)X (mole fraction, %) partial composition 
systems [25]. However, there is still uncertainty in the 
phase diagram, such as in Ti−Al−Mo system (<900 °C) 
and the TiAl-rich vertical section of Ti−Al−Fe system. 

Ternary TiAl−Mo vertical section of phase diagrams 
shows that [41], α2+γ+B2(β0) or γ+B2(β0) phase field 
exists with increasing the content of Mo (Figs. 3(a) and 
(b)); as indicated by MARIA et al [8], the existence of 
ordered β(B2) phase in the Ti−Al−2%W system has also 
been identified (Fig. 3(c)); and TETSUI et al [22] have 
also reported the presence of the β(B2) phase in 
Ti−Al−5%Mn system (Fig. 3(d)). 

Thermodynamic calculations based on the 
CALPHAD method can be used to predict the 
constituent phases and the related transition temperatures 
when a new TiAl alloy is designed. CLEMENS et al [21] 
applied ThermoCalc® and MatCalc software packages to 
calculating phase fractions as a function of temperature 
for three different β-stabilized γ-TiAl based alloys as 
shown in Fig. 4. Meanwhile, the calculations were 
applied to correlating the phases developed in the design 
of B2-containing TiAl alloy. 

A study on the constitution of ternary alloy systems 
in relevant composition ranges has been reported by 
KAINUMA et al [42]. The partitioning tendency of the 
alloying elements, in order of their preference to 
concentrate into different phases at 1200 °C, can be 
grouped under three categories: (i) Cu, Ni and Nb, β>γ>α; 
(ii) Zr, γ>β>α; and (iii) Cr, Mn, Fe, Co, Mo and W, 
β>α>γ. On the basis of the regular solution model, the 
expression for the partition coefficient k(i/j) (=xi/xj) of 
alloying element X between i and j phases in the section 

)1(XAlTi AlTiAlTi
=+− xxxx  with a fixed ratio of xTi/xAl, 

can be given by 
 

)/()ΔΔ()/(ln /
XTiAl

/
X RTGjik jiji

−+= Ω             (1) 
 
where T is the temperature; R is the mole gas constant, 

)ΔΔ(Δ XX
/

X
ijji GGG −= is the lattice stability difference 

and )(Δ XTiAlXTiAl
/

XTiAl
ijji

−−− −= ΩΩΩ is the difference in 
interaction parameters between j and i phases [43]. For 
example, B2

XTiAl−Ω  for B2 phase in TiAl alloy is defined 
as ,B2

TiAlAlTi
B2
XAlAl

B2
TiXTi

B2
XTiAl ΩΩΩΩ xxxx −+=−  where 

B2
ABΩ  is the interaction energy of the B2 phase in the 

A−B binary system. 
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Fig. 3 Isothermal section in equilibrium diagram of TiAl−X (Mo, Nb, W) systems [8,22,41]: (a) 35Ti−60Al−5Mo/55Ti−40Al−5Mo 
[41]; (b) 52Ti−48Al/41Ti−39Al−20Mo [41]; (c) Heavy lines and large Greek lettering show diagram [8] for Ti–Al–2%W system, 
while dotted lines and small Greek lettering show phase field limits for Ti−Al−2% Nb system; (d) Ti−Al−5%Mn [22] system 
 

 
Fig. 4 Calculated phase fractions as function of temperature for three different β-stabilized γ-TiAl based alloys [21]. All three alloys 
show an adjustable β/B2-phase fraction: (a) Ti−43Al−4Nb−1Mo−0.1B; (b) Ti−43Al−5Nb−1Mo−0.1B; (c) Ti−43Al−4Nb−1.5Mo−0.1B 
 
3.1.3 Alloy design 

The changes of alloying elements and thermal 
process produce varieties of microstructures and 
properties (characteristics). 

Aluminium is an important α-stabilizing element for 
γ-TiAl alloys. As shown in Ti−Al binary phase diagram 
(Fig. 2), it is clear that at a low Al content, the high 
temperature β phase is extended. The Al-content required 
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is close to 45% for most B2-containing TiAl alloys to 
improve the hot working ability. In some cases, the Al 
content is as low as 42%−43% [22,44,45]. Due to the 
presence of the β(B2) phase, the thermal deformability of 
the alloy is much greater than that of the conventional 
TiAl alloy. 

Other elements have also been added to the TiAl 
alloy in order to modify the microstructures and improve 
the properties and/or deformability. The alloying 
elements are classified into 2 types according to the 
different influence on B2-containing TiAl alloys: 

1) β stabilizers 
As β-stabilizing elements, some transition metals, 

such as Cr, Fe, Mn, Mo, Nb, Ta, V and W [4,24,46−50], 
shift the β transition to lower temperatures and extend 
the β phase field. The β-isomorphous elements, e.g. Mo, 
V, and Ta, have high solubility in titanium; while the 
β-eutectic elements, e.g. Cr, Co, Cu, Fe, Mn, Ni, Si   
and W, can lead to the formation of intermetallic 
compounds [3]. The β/B2 phase can be retained at room 
temperature after alloying β-stabilizers in TiAl-based 
alloys. A small amount of addition of Mo, Fe or W 
[1,51,52] (about 2%) to binary TiAl can lead to the 
formation of β/B2 phase, while a very large amount of 
Nb (>10%−15%) is required for the same effect [8].  
For some Nb-containing TiAl alloy, the β/B2 phase is 
only found at high temperatures or in a low Al   
contents [53]. 

2) Low-Z elements 
Belonging to α-stabilizers, some interstitial 

elements dissolve in TiAl alloys, and extend α phase 
field. These low-Z elements (such as B, C, N, O and Si) 
also form rather stable compounds, which disperse in 
B2-containing TiAl alloys. 

Boron (B or TiB2) can be used for grain refinement 
of cast alloys. During the solidification, the formation of 
borides can partially hinder the migration of α grain 
boundaries [54−56]. GOSSLAR et al [57] and RAO et al 
[58] have reported that primary TiB2 (formed prior to β 
and peritectic α phase) are stable in the melt and may 
serve as potential nucleation sites for the primary β phase; 
while secondary TiB2 precipitates (formed after the β 
phase but before the formation of the α phase) promote 
the nucleation and growth of α grains. Hence, during the 
solidification of TiAl-based alloys, the nucleation of TiB2 
particles can result in grain refinement. 

PARK et al [59] have pointed out that after 
introducing carbon in TiAl alloy, Ti3AlC phase can be 
formed and affect the growth of the lamellar 
microstructure significantly. It is evident that carbon 
addition markedly decreases the interlamellar spacing. 
Improvements in high temperature strength and creep 
resistance have also been obtained by the fine 
dispersions of Ti3AlC precipitates [60−62]. The 

precipitates in carbon-doped TiAl alloys can provide 
high glide resistance and show strong bowing-out of 
dislocation segments [60]. In nitrogen-doped TiAl alloys, 
nitride has similar precipitation hardening effect [63]. 

For silicon, fine precipitation of a titanium silicide, 
Ti5Si3, has been found [64,65] as effective obstacle of 
dislocation motion and is beneficial to improve the creep 
resistance without sacrificing tensile properties. 

Therefore, during the design of B2-containing TiAl 
alloy, some low-Z additions (such as B, C, N and Si) 
should be considered for the solid solution and 
dispersion strengthening. But the content of such 
elements should be controlled to prevent the coarsening 
of their particles and the decrease of the ductility and so 
on [66]. 
 
3.2 Microstructures 
3.2.1 Phase transformations 

A comprehensive explanation that fine-grained cast 
TiAl alloys can be produced by utilizing β stabilizers 
have been given by JIN et al [17]. The hexagonal α phase 
in TiAl alloy has a sixfold symmetry with a 60° angle 
between secondary arm and primary dendrite spine, and 
the cubic β phase has a dendrite shape with a 
four-symmetry, in which the secondary arms are oriented 
90° to the primary dendrite spine at the solid/liquid 
interface. For the most commonly investigated alloys, 
due to the fact that the preferential α crystal growth is 
parallel to the C axis, the α crystals tend to form 
columnar grains along the direction (C axis) of heat 
extraction. During cooling subsequent to solidification, γ 
lamellae grows in each of columnar grains to form the 
γ+α2 lamellar structure. By alloying β stabilizers and 
reducing the aluminum content, the primary 
solidification can be shifted from the α case to the β case. 
There are three equivalent preferential directions of β 
crystal growth during solidification along <100>, namely 
[100], [010] and [001]. The transformation of β→α most 
likely takes place by following the orientation 
relationship of αβ )0001//(}011{  and //111 β><  

α>< 0211 , and then twelve variants of α with different 
orientations form. This may be the reason of the fine cast 
microstructure after alloying β stabilizers [67,68]. 

The fine as-cast microstructure, with B2+α2+γ or 
B2+γ grains (shown in Fig. 5), and excellent hot 
workability make these B2-containing TiAl alloys attract 
significant interests [1,2,7]. The following 
transformation sequence for some B2-containing TiAl 
alloys at continuous cooling conditions has been 
proposed by SCHMOELZER et al [12]: L→L+β→β→ 
α+β→α(+βm)→α+γ(+βm)→α+B2+γ→α2+B2+γ, where βm 
denotes the metastable β-phase. And the microstructure 
can be modified by different heat-treatment processes 
(shown in Figs. 5(d, e, f)). 
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Fig. 5 Typical microstructures of B2-containings TiAl alloy [1,2,7,12]: (a) Ti−45Al−3Fe−2Mo [1]; (b) Ti−(40−44)Al−8.5Nb [2];   
(c) Ti−47Al−2W [7]; (d) Ti−43.5Al−4Nb−1Mo−0.1B after annealing at 1170 °C, conducted in (α+β+γ) phase field region; (e) 
Ti−43.5Al−4Nb−1Mo−0.1B after annealing at 1270 °C, conducted in (α+β) phase field region, close to the minimum of β-phase; (f) 
Ti−43.5Al−4Nb−1Mo−0.1B after annealing at 1350 °C, conducted in the (α+β) phase field region 
 
3.2.2 Thermal processing 

Microstructural optimization of B2-containing TiAl 
alloy is of particular concern with respect to balanced 
properties. Thus, thermal processing has been widely 
used to modify the microstructures and to improve the 
mechanical properties. 

Normally, γ(TiAl)-based alloys can be altered over a 
wide range by heat-treatments to form different types of 
microstructures: 1) a near-gamma microstructure 
(annealing slightly above the eutectoid temperature), 2) a 
duplex microstructure composed of γ grains and γ/α2 
colonies (heat-treatments in the middle of the (α+γ) 
region), and 3) nearly lamellar or 4) fully lamellar 
microstructures (generated upon cooling when wrought 
γ(TiAl)-based alloys are heat-treated about 10 °C below 

or 10−20 °C above the α-transus temperature, 
respectively). 

Except for the annealing temperature, the holding 
time and cooling rate also have effects on the 
microstructures of B2-containing TiAl alloys. 
NOVOSELOVA et al [69] have found that the grain size 
of the lamellar structure can be refined with increasing 
the cooling rate and decreasing the holding time. 

The stress during thermal processing is favorable 
for removing the β/B2 phases. It has been reported that in 
some B2-containing TiAl alloys, the transformations of 
β→γ [70] or β→α2

 [71] can be induced which are 
beneficial for stress relaxation during deformation. In 
as-cast B2-containing TiAl alloy, the effects of heat 
treatments and hot-isostatic pressing on the phase 
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transformation and microstructures have been studied by 
ZHANG et al [72]. The β/B2 phase can not be eliminated 
by long-term annealing at 1150 °C or above the α-transus 
temperature (1400 °C). However, a significant decrease 
of volume fraction of β/B2 phase occurs during 
hot-isostatic pressing. 

Hence, the microstructures, such as (α2+γ) 
lamellar+B2+γ, (α2+γ) lamellar, or near duplex B2+γ 
microstructure, can be presented in B2-containing TiAl 
alloy by different thermo-mechanical processing 
[12,46,73−77]. 
 
4 Deformation and superplasticity 
 
4.1 Mechanical properties 

SUN et al [78] reported that the B2 phase should be 
controlled strictly since it is hard and brittle at room 
temperature. Nevertheless, a fine-grained structure can 
easily be formed upon alloying β/B2 stablizers and the 
existence of B2 phase makes it possible to reach high 
mechanical properties as pointed out by IMAEV et al 
[79,80]. The B2 phase has been used to improve the 
workability and superplasticity of the TiAl alloys 
[1,15,16,18]. Precipitation of B2 phase from α2 lamellae, 
which retards dislocation motion, is considered intrinsic 
toughening mechanism and can enhance the fracture 
toughness, as reported by CHEN et al [81]. It has also 
been found [82] that bands of β/B2 particles can reduce 
the minimum creep rate and extend the rupture life. 
IMAYEV et al [83] suggested that, considering the 
balance between the room temperature ductility/strength 
properties and the high temperature long-term strength, it 
is promising to design a B2-containing TiAl alloy with a 
refined lamellar microstructure by β/B2 stablizers, and to 
achieve a high thermal deformability and good 
machinability. 
 
4.2 Deformation 

The deformation characteristics of γ-based TiAl 
alloy include [25]: 1) the ductility has strong anisotropy; 
2) the yield strength increases abnormally with the 
temperatures in a certain range; 3) the fracture model 
obeys SCHMID’S rule [84]; and 4) there are a small 
number of independent slip and dislocation systems. The 
TiAl-based alloy possesses hard-to-move dislocations, 
and some obstacles, such as superdislocations, Roof 
barriers, Kear-Wilsdorf locks, and Lomer-Cotrell locks. 
It presents a very low ductility till the intergranular 
brittle fracture occurs [85]. In order to improve the 
deformability, it is necessary to increase the movability 
of dislocations and decrease the obstacles. 

At room temperature, the ductility of TiAl alloy has 
been related to the active deformation modes 
corresponding to different phases, as reported by 

MORRIS et al [86]. The γ phase is very deformable, with 
large densities of ordinary 1/2<110> dislocations and 
deformation twins and a low number of <101> 
superdislocations after slight plastic deformation. With 
sufficient independent slip systems, the <100> and 
dissociated <111> superdislocations on {110} planes 
increase the deformability of the B2 phase. And the 
presence of “ω precipitates” [10] leads to considerable 
friction forces that decrease dislocation mobility and 
enhance the strength of B2-containing TiAl alloy. The α2 
phase is the least deformable due to the limited slip 
systems }0001{1211 ><  [87], which require a large 
resolved shear stress to propagate. 

At elevated temperatures (below 800 °C), the 
deformation modes corresponding to different phases 
have been studied. The glide systems of γ phase are 
similar to those occurring at room temperature. The 
partial independent slip systems should be relaxed 
following climb processes [88] and the activation of 
mechanical twinning within the γ phase should be 
enhanced [89]. Due to the emergence of homogeneous 
activation of prismatic glide and a relatively dense 
population of 1/3 >< 6211  dislocations on pyramidal 
planes }1220{ , the α2 phase seems to be more ductile 
[90,91]. The changes of the deformation mechanisms 
coincide with the transition from brittle to ductile 
fracture, which typically occurs (γ+α2) alloys. The B2 
phase can be deformed more easily than α2 or γ phase 
because the dislocation climb or glide is easier in B2 
grains. On one hand, the presence of soft β/B2 
precipitates at (α2+γ) lamellar interfaces is better for 
creep resistance, since the β/B2 phase could pin the 
moving dislocations and strengthen the materials [92]. 
On the other hand, the presence of B2 grains is also 
beneficial for reducing the stress concentration at triple 
junctions, which delays the cavitation and fracture 
process [16]. So good deformation and superplasticity 
have been observed in the B2-containing TiAl alloys 
[1,15,16,18]. 
 
4.3 Superplasticity 

Superplasticity is the ability of a polycrystalline 
material to exhibit very high tensile elongations prior to 
failure. VANDERSCHUEREN et al [15] reported that a 
B2-containing TiAl alloy shows superplastic behavior 
with the elongation of 580 % under the test condition of 
3×10−4 s−1 and 1420 K. Superplasticity has been observed 
in many other B2-containing TiAl alloys. 

The effects of B2 phase on the superplastic behavior 
can be summarized as follows: 

1) Microstructural refinement. The β/B2 phase can 
serve as a grain-refining component in TiAl alloys and 
fine grains promote grain boundary sliding and rotating 
during superplastic deformation. 
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2) Lubrication effect. A promoted grain slide 
lubricant for the γ phase and the enhanced grain 
boundary cohesion can be induced by the presence of 
β/B2 phase [15], and thus the cavitation and fracture 
processes can be delayed [18]. 

3) Coordination effect. At elevated temperatures, 
dislocation climb or glide is easier in B2 grains due to 
the open BCC structure. The fine B2 grains 
accommodate sliding strains to reduce the propensity of 
cavitation at grain triple junctions and thus delay the 
cavitation and fracture process [16]. 

4) Transformation superplasticity. Grain boundary 
sliding (GBS) might also be partly accommodated by the 
deformation-enhanced 2αβ ′→  transformation during 
the superplastic deformation of an α2-rich TiAl alloy, as 
reported by YANG et al [71]. The phase transformation 
of β→γ, which also takes place in a B2-containing TiAl 
alloy during superplastic deformation, can result in the 
relaxation of the concentrated stress at phase boundaries 
and make the grain boundaries favorable for sliding 
without inducing cavitation [70]. 

5) Dynamic recrystallization. The dynamic 
recrystallization preferentially takes place in the ductile 
β(B2) phase, which significantly reduces the stress 
concentration during superplastic deformation [1]. 

The superplastic deformation, as a complex process, 
includes the dislocation movement, diffusion and grain 
boundary sliding. And the processes are interacted and 
interdependent with each other. Hence, the mechanism of 
superplastic deformation of B2-containing TiAl alloys 
still needs further study. 
 
5 Conclusions and prospects 
 

Extensive developments in the metallurgy and 
manufacture of B2-containing TiAl alloys have been 
made in the past years. The B2-containing TiAl alloys 
are potential to provide excellent comprehensive 
properties, including good workability and 
high-temperature performance. These alloys can be 
fabricated through proper alloying and thermal 
processing. 

Admittedly, it still needs more detailed 
understanding of the relationship among the composition, 
microstructure and properties for the applications of the 
B2-containing TiAl alloys, including: 1) developing 
more comprehensive Ti−Al multi-content phase diagram 
system, understanding the influence of alloying elements 
on the formation of phases and microstructures;       
2) extensively studying the formation and evolvement of 
β/B2 phase, and the method to control the content of 
phases and microstructures, and optimizing the 
mechanical properties; 3) further exploring the effects of 
β/B2 phase on thermal deformability, such as the 

superplastic behavior and hot forming. 
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摘  要：从合金相的结构与相图入手，探讨了 B2 型 TiAl 基合金(以 γ相为基、含 β/B2 相的 TiAl 合金)成分、结构、

组织与性能的相关性，分析了 β/B2 相细化合金的组织和提高材料的高温变形能力的原因，并阐述了 B2 型 TiAl

基合金超塑性变形的机理。在 TiAl 基合金中添加适量的 β稳定型元素，形成较稳定的 B2 结构的有序相，有利于

细化晶粒和提高材料的高温变形能力。这种 B2 型 TiAl 基合金可通过掺杂微量低序数元素以及随后的热加工工艺

提高其综合性能，包括变形能力和高温性能。 

关键词：β稳定型元素；B2 相；TiAl 基合金；相图；晶粒细化；热加工；超塑性变形 
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