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One of the most promising directions in the field of development of new metallic materials with a high
level of heat resistance and thermal stability is development of intermetallic alloys of Ti—Al system. In the
near future these alloys can create serious competition to nickel-based superalloys, as titanium aluminides
are lighter and do not require expensive and deficit elements for alloying. In addition, they have a high
corrosion resistance, high-temperature oxidation resistance, and also have a high modulus of elasticity and
strength. Titanium aluminides can be successfully applied in the form of cast products, for instance of
valves of super-power internal combustion engines; as high-temperature resistant coatings on gas turbine
blades, exposed to high-temperature gas flows; as structural material operating at static loads and high
temperatures. Wide industrial application of titanium aluminides is hindered by their low ductility at room
temperature. This greatly complicates technological processing and slows down industrial application of
the above alloys. Therefore, application of titanium aluminides in various-purpose structures is dependent
on development of effective technologies of their processing, including welding. In this connection the
purpose of this review is analysis of currently available developments of joining processes for titanium
aluminide based materials by various kinds of welding. Analysis of published data given in the review
showed that formation of welded joints with application of traditional welding processes based on local
melting of material has several drawbacks, which can be eliminated at application of various solid-phase
welding processes. Results given in the publications, are indicative of the good prospects for application
of intermediate inserts for joining difficult-to-weld titanium aluminide based alloys. 36 Ref., 5 Figures.
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Aircraft engine manufacture is an extremely com-
plicated process based on the latest advances in
the field of aero- and thermodynamics, materials
science, technology, strength, electronics and in-
formatics. Important tasks solved when design-
ing new generation engines are lowering of the
cost of manufacture and operation, in particular
by simplifying the design and reducing the num-
ber of parts and components [1].

Improvement of the effectiveness of aircraft
engines and similar power units is becoming im-
possible without application of fundamentally
new structural materials. Such materials include
alloys based on γ-TiAl intermetallic phases. Ow-
ing to a unique set of physical and mechanical
properties [2, 3] (high strength and modulus of
elasticity, low density, high-temperature
strength and high-temperature resistance, high
anticorrosion properties, good fatigue fracture
and creep resistance), they have for many years
preserved their positions in the category of at-
tractive materials for aerospace, transportation
industries and in power engineering.

Wide introduction of titanium aluminides into
industry is prevented by their low room tempera-

ture ductility [4], related to low crystallographic
symmetry and insufficient number of slip sys-
tems; low cleavage strength; weak grain bounda-
ries, as well as low technological properties [2].

Improvement of technological properties of
these materials can be ensured not only by micro-
and macroalloying [5], but also by alloy micro-
structure. Reference [6] shows three main types
of titanium intermetallic structures: lamellar
(platelike), recrystallized and mixed (duplex).
Authors of [7] show that finely-dispersed two-
phase duplex structure of Ti—Al based alloys has
the best ductility, while another, not less impor-
tant characteristic, namely, alloy viscosity, is
lowered. An optimum variant is producing alloys
with a completely lamellar two-phase γ + α2
structure with a certain quantity of γ and α2
phases in the alloy [7].

Titanium aluminide based alloys with differ-
ent structure types, in addition to aircraft indus-
try [5, 8—10], can be used in various industrial
sectors, namely gas- and oil-processing, chemical,
as well as in nuclear and transportation engineer-
ing [11, 12].

Wider acceptance of γ-TiAl based alloys is
promoted by current intensive investigations of
their weldability and development of effective
measures to improve the strength and reliability
of welded joints.© S.V. CHERNOBAJ, 2013
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In this connection the purpose of this review
is analysis of modern developments of joining
processes for titanium aluminide based materials
using various kinds of welding.

Arc welding. Reference [3] gives the results
of investigation of weldability of an alloy with
γ-TiAl cast structure (48 at.% Al and 2 at.% Cr
and Nb). Welding of titanium aluminides was
conducted without preheating with current ad-
justment in the range of 50—1500 A. As a result,
it was established that microstructure of weld
metal zone consists of columnar and equiaxed
dendritic structures.

Mechanical properties of weld metal turned
out to be lower than those of base metal. This is
exactly what was established as a result of tensile
testing (Figure 1). At the same time, at low cur-
rent welding cracks were found in the joint,
which formed as a result of increase of α2-phase
amount.

Weldability of the above-mentioned alloy was
studied in [14]. Before welding all the samples
were subjected to hot isostatic pressing, part of
them were heat-treated at the temperature of
1300 °C for 20 h. This resulted in formation of
a crystalline structure, consisting of γ-phase, γ +
+ α2 colony and Laves phases. Cracking was ob-
served in all the welds, both after their isostatic
pressing, and without it.

Bharani and Acoff conducted welding of the
above titanium aluminide alloy and wrought γ-
TiAl alloy (46 at.% Al, 2 at.% Cr, 2 at.% Nb,
0.9 at.% Mo) without preheating. It is estab-
lished that shortening of crack length in the
welded joint can be achieved only due to per-
formance of postweld heat treatment at 615 °C
temperature [15].

Electron beam welding. In the opinion of the
authors of [16, 17], fusion welding of titanium

aluminide can be performed only with preheating
up to 250—650 °C. This is related to the fact that
in view of the low ductility (right up to 700 °C)
titanium aluminides are quite sensitive to
stresses, which develop under the conditions of
non-uniform heating in welding and, therefore,
are prone to appearance of transverse cold cracks
in welded joints.

References [16, 17] give preheating tempera-
ture without any additional details, and in [18]
it is recommended to preheat the samples to be
welded up to 400—500 °C to prevent development
of transverse cracks in welded joints. On parts
of local welds or deposits for repair purposes
preheating temperature should be not less than
600 °C. However, these parameters are estab-
lished only for γ-TiAl alloy (31 at.% Al and 2 at.%
Nb and Mn each), while sample preheating is
performed in the welding chamber.

Pressure welding in vacuum. During per-
formance of research work authors of [19] used
for experimental purposes aluminide samples
(20 mm diameter and height titanium) cut out
of an ingot subjected to isostatic processing at
the temperature of 1260 °C and pressure of
170 MPa for 4 h with subsequent stabilizing an-
nealing at 1000 °C (50 h). Weight fraction of
alloying elements and additives in the alloy was
equal to, %: 60.95 Ti; 31.15 Al; 4.65 Nb.

Welding was performed at the temperature
below α +γ transition, so that material structure
practically did not change. This enabled elimi-
nating the phenomena, which are due to rapid
cooling of the joint. A clear-cut boundary is reg-
istered at contact of the joined surfaces. No com-
mon grain formation was found. Both single
macropores and linear porosity were present in
a number of samples.

Further investigations were performed with
the purpose of revealing the features of structural
transformations in titanium aluminide under the
impact of thermodeformational cycle of welding
in the following modes: temperature T = 900 and
1100 °C, welding time t = 4—5 h, pressure P =
= 200—300 MPa [20]. It is established that at
welding temperature below 900 °C transcrys-
talline cracks without any visible traces of plastic
deformation develop in the alloy under the im-
pact of a compressive welding force. With in-
crease of welding temperature from 900 up to
1100 °C, structural element morphology changes
from coarse-grained platelike to fine-grained
globular. At the temperature of 1100 °C, common
grains are observed in the joint zone, forming as
a result of plastic deformation and subsequent
recrystallization of near-contact metal volumes.Figure 1. Dependence of deformations σ on stresses ε [13]

of base metal (1) and weld zone (2)
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Possibility of welding titanium aluminide us-
ing a «soft» interlayer was studied later on [19].
The authors assumed that part annealing after
welding with an interlayer will lead to its disso-
lution in the base metal and to diffusion-induced
homogenizing of the composition in the joint
zone. Therefore, aluminium and titanium as the
main alloying elements of the alloy were selected
as interlayers. Thickness of aluminium and tita-
nium interlayers was equal to 0.15 and 0.20 mm,
respectively. Samples of titanium aluminide
(20 mm height and diameter) were used for ex-
periments.

Microstructures of welded joints made with
application of aluminium and titanium foil as an
interlayer, are given in Figures 2 and 3. It is
established that welding of γ-TiAl based alloy
with application of aluminium and titanium foil
as interlayers does not ensure the required quality
of the joints. At application of aluminium inter-
layer it is possible to produce (after welding and
annealing) phase and chemical compositions of
metal along the fusion line close to those of base
metal. However, these joints are not operable
because of the presence of defects which arise in
welding (Figure 2). Now in the case of applica-
tion of titanium foil, welded joints, both after
welding and after welding and annealing, feature
a certain level of strength at normal temperature.
However, it does not seem possible to ensure
high-temperature strength of such joints close to
that of γ-TiAl, as the joint zone has single-phase
structure of α2(Ti3Al) (Figure 3).

Friction welding. The main problems at pro-
duction of operable joints of titanium aluminides
in friction welding [21—23] is microcracking in
the zone of thermomechanical impact during de-
formation [21], weld metal cracking during cool-
ing [22], considerable increase of joint zone hard-
ness [21—23], as well as absence of optimum pa-
rameters of welding mode [21—23].

Description of structural and phase changes
proceeding in the plane of interaction and in the
HAZ in two different modes (convection and
combined) is given in [24]. It is established that
metal structure in the plane of the joint produced
at convection welding, differs from that of joint
zone metal in the combined mode, in which ex-
tremely fine dynamically recrystallized γ-TiAl
grains are formed without the presence of the
lamellar component, by insufficient quantity of
α2-phase and structural gradient in the radial
direction.

It is known that welded joint quality depends
on welding time and upset length. References
[25, 26] describe investigations on weldability

of γ-TiAl and α2-TiAl alloys using nanointerlayer
of Ti/Al foil with different heating times. It is
established that in joints produced at heating
duration th = 1.0 s, an interlayer of up to 100 μm
width with a fine-grained structure is observed.
With increase of time th up to 4.0 s the observed
structure in the joint plane and in the HAZ of
welded alloys is characterized by presence of ex-
tremely fine dynamically recrystallized grains.
The authors of the work supposed that formation
of fine-grained metal structure in the joint plane

Figure 2. Microstructures of welded joints of γ-TiAl alloy
with aluminium interlayer: a – after welding (×400); b –
after welding and annealing (×200) [19]

Figure 3. Microstructures of welded joint of γ-TiAl alloy
with titanium interlayer: a – after welding (×250); b –
after welding and annealing (×100) [19]
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promotes an increase of butt metal resistance to
cracking during cooling.

Diffusion welding. Reference [27] deals with
γ-TiAl alloy (49 % Ti, 47 % Al and 4 % Cr, Mn,
Nb, Si, B each) produced by the process of pre-
cision casting and hot pressing with subsequent
homogenizing annealing. As shown by investiga-
tion results, formation of a lamellar structure in
the vicinity of the weld is provided in the fol-
lowing welding mode: T = 1000—1100 °C, t =
= 3 h, P = 20—40 MPa with subsequent heat
treatment.

Reference [28] presents the results of investi-
gations, conducted on Ti – 48 at.% Al alloy
alloyed with niobium and manganese. Titanium
aluminide joints were produced by diffusion
welding in vacuum without the interlayer at T =
= 1200 °C and P = 70 MPa with subsequent soak-
ing for 20 min. Figure 4 shows the microstructure
of joint zone metal.

The authors of the work found that the inter-
face is an interlayer of intermetallic, the compo-
sition of which, by the data of local chemical
analysis, is close to that of Ti3Al intermetallic.
Presence of a brittle intermetallic interlayer low-
ers welded joint strength, thus leading to low-
ering of its service characteristics.

In order to improve the welding processes and
properties of permanent joints of γ-TiAl alloys,
the authors of [29—32] applied nanostructured

interlayers, which were placed between the item
surfaces to be welded. Such interlayers can be
one- or multilayer coatings [29—31] or foils [32].

In [29-31] weldability of γ-TiAl alloy was
studied at application of various nanolayered
coatings, which were applied on the surfaces be-
ing welded by magnetron sputtering. Reference
[31] shows application of coatings of titanium,
vanadium, chromium and manganese 0.5—1.5 μm
thick, and [29—30] describe application of coat-
ings of Ti/Al system of Ti – 48—50 at.% Al
composition, the thickness of which was equal
to 2.0—2.5 μm at individual layer thickness of up
to 4 nm.

It was established [31] that application of va-
nadium, chromium and manganese coatings im-
proves ductility of welded joints of γ-TiAl alloys,
at atomic fraction of the above elements in the
welded joints on the level of 1—3 %.

In [29, 30] it is shown that deposition of thin
nanolayered Ti/Al coatings on the surfaces being
joined provides formation of a uniform micro-
structure in the joint zone during diffusion weld-
ing at the temperature of 1000 °C. The authors
came to the conclusion that formation of a strong
welded joint in the temperature range of 700—
1100 °C is related to dynamic recrystallization
of γ-TiAl alloy which leads to structure refine-
ment and ensures running of plastic deformation.

Investigation of weldability of γ-TiAl based
alloy with application of nanolayers produced by
the technology described in [33], was performed
by the authors of [32]. Welding was conducted
on 10 × 10 × 6 mm samples from γ-TiAl intermet-
allic (48 at.% Al, 2 at.% Nb, 2 at.% Mn), for
which the following interlayers were chosen:
Ti/Al (Ti – 38 at.% Al), Ni/Ti (Ti – 44 at.%
Ni) and Ni/Al (Al – 46 at.% Ni) (Figure 5).

The authors established that during diffusion
welding of γ-TiAl samples with application of
Ni/Ti and Ni/Al nanolayers, a transition zone
of heterogeneous structure and composition

Figure 4. Microstructure of metal of the zone of γ-TiAl alloy
welded joint produced by vacuum diffusion welding [28]

Figure 5. Microstructures of γ-TiAl alloy joint zone at diffusion welding with application of nanolayers [32]: a – Ti/Al
(×200); b – Ni/Ti (×200); c – Ni/Al (×400)
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forms in the joint zone [32]. At application of
Ti/Al nanolayers an intermetallic forms in the
joint zone, the composition of which corresponds
to the initial γ-TiAl intermetallics, layer-by-layer
transforming into γ-TiAl with nanometric periods
(less than 200 nm). Such changes of metal com-
position and structure in the joint zone are in-
dicative of a high diffusion mobility of compo-
nents that may be due to the processes of heat
generation accompanying solid-phase reactions,
initiated in nanolayered foil at heating [34].

Resistance welding. Reference [35] gives the
results of investigations of the features of forma-
tion of γ-TiAl based welded joints by resistance
welding technology. Such a technology provides
local high-rate application of heat to the joint
zone [36] that prevents metal softening. Consid-
ering the experience of previous developments
on flash-butt welding of difficult-to-weld mate-
rials [37], welding of γ-TiAl alloys was conducted
with application of nanostructured foils of Ti/Al
system. At application of foil consisting of tita-
nium and aluminium layers, additional heat evo-
lution in the contact zone takes place that is due
to running of an exothermal reaction between
metals, that results in welding time shortening
by 0.5—0.7 s on average. It is additionally shown
in the work that nanolayered foils should be ap-
plied in order to ensure uniform heating, improve
welded joint formation and properties. Foil
thickness can vary from 60 up to 100 μm.

Conclusions

1. Applications of traditional welding processes,
based on local melting of material in the joint
zone showed that the quality of the produced
welded joint essentially depends on phase trans-
formations in the HAZ zone. At deviation of
welding mode from the optimum one in the joint
zone phase transformations take place, which are
accompanied by volumetric effects leading to de-
velopment of stresses in the HAZ zone and, as a
result, cracks form in its vicinity.

2. The highest values of mechanical properties
of titanium aluminide joints were produced in
diffusion welding with application of thin inter-
layers. This welding process, however, was not
accepted by industry. One of the main disadvan-
tages of diffusion welding is the need for long-
term heating up to high temperatures (T = 1000—
1100 °C) of the entire item to be welded and
presence of vacuum.

3. Application of composite interlayers in re-
sistance welding provides a more uniform and
concentrated heating, and, as a result, sound
joints of parts of a small cross-section (100—

200 mm2) from titanium aluminides that is in-
dicative of applicability of such technologies at
industrial-scale manufacture of various compo-
nents.

4. Results presented in the published works,
are indicative of high efficiency of application of
nanostructured interlayers for joining difficult-
to-weld γ-TiAl alloys.
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