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A B S T R A C T   

The paper presents the results of both microscopic and synchrotron X-ray diffraction analysis of the micro
structure of the dissimilar Ti-6Al-V-Mo-Zr/Al-Cu-Li butt laser welds, as well as their mechanical properties. While 
the thickness of the welded plates (2 mm), the power (1.2 kW) and velocity (1 m/min) were constant, the 
variable parameter has been the laser beam offset towards the titanium alloy plate (from 0 to 1 mm). The offset 
has replaced a conventional joining process (via mixing both molten base metals) into a welding-brazing. The 
conventional joints have consisted of a separate aluminium melting zone (Al FZ) and a mixing zone (MZ). The Al 
FZ has contained typical secondary aluminium alloy phases and the TiAl3 intermetallic particles, while the 
α2Ti3Al, β2-Ti and γTiAl compounds have been found in the MZs. With rising the beam offset value, mechanical 
tests have shown an increase in the ultimate tensile strength of the welded joints from 74 up to 168 MPa.   

1. Introduction 

Dissimilar welded joints are of great interest for manufacturers of 
advanced metal structures because they can combine advantages of 
different materials. For their fabrication, various welding processes are 
applied nowadays. In particular, the dissimilar Ti/Al welds are in de
mand for the aviation industry, since the materials possess low density 
values and resulting high specific strength levels. Titanium has greater 
both strength and melting point, while aluminium is characterized by a 
relatively low cost. However, it is quite onerously to weld these metals, 
because their physical and chemical characteristics differ significantly. 
Variations in the chemical properties lead to the formation of interme
tallic compounds upon welding. As a result, the dissimilar weld metal 
has a low capacity for plastic strains and relaxation of residual stresses. 

Despite the fact that the dissimilar Ti/Al welds are among the most 
widely studied to date [1], the majority of investigations has been 
devoted to alloys of the Al–Mg [2–6] and Al-Mg-Si [7–13] systems. 
Only a small number of researchers have paid attention to the Al–Li 
alloys notwithstanding their application in the aviation industry. 
Therefore, the possibility of obtaining such welded joints is an urgent 
challenge. 

Typically, X-ray diffractometers (XRDs) [3–5] or transmission 

electron microscopes (TEMs) [10] are used to determine the phase 
composition. For example, I. Tomashchuk el. al. have investigated 
fracture surfaces [5], but it still remains unknown which phases have 
been in the weld metal at a certain depth. In addition, a low intensity of 
the XRDs does not enable to obtain a sufficiently strong signal from 
phases containing light elements (lithium, as an instance). Similar issues 
arise if the phase volume fraction is negligible. The TEMs make it 
possible to detect phases in such cases, but the completeness of the 
obtained data is also questionable, since the analysis is carried out in 
thin foils. 

Most studied dissimilar Ti/Al joins have been obtained by welding- 
brazing procedure. At the same time, investigation of the microstruc
ture of such welds formed by conventional processes (via mixing the 
molten base metals) is also of interest. Despite both Tomashchuk el. al. 
[5] and Casalino et al. [7] have showed that such welds possess low 
strength values, their intermetallic layers have had other phase com
positions than those after the welding-brazing procedures. Accordingly, 
more research is required to fill the gap in knowledge about such in
terdependencies, which may enable to form sound dissimilar welded 
joints with improved functional properties. 

The use of synchrotron radiation enables to perform various exper
iments to study porosity, element loss, crack propagation and 
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microstructural evolution in weld joints [14–19]. Another way to apply 
such an instrument to the dissimilar welding studies is to determine 
diffraction patterns from radiation transmitted through thick samples. 
Thanks to its high intensity synchrotron radiation diffraction can visu
alize phases containing light elements, even if their content is low [20], 
which was performed by L. Chen et al. in [21]. 

The purpose of our work was to clearly establish the structural 
composition of the materials obtained in the result of dissimilar welding 
of Al-Cu-Li and Ti alloys. We noted that the studies on this issue didn’t 
provide the full study of the microstructure obtained in the result of 
conventional welding – i.e. by direct mixing of the base materials. 
Existing studies provide X-ray analysis and Transmission electron mi
croscopy (TEM). X-ray analysis doesn’t provide necessary signal 
strength to find the light Li-containing phases and the phases of low 
volume concentration – Al3Ti and β2-Ti in this case. TEM can barely 
characterize the whole material since the analysis area is tens of nm 
thick. So we considered the synchrotron X-ray diffraction study as a 
valuable contribution to the Ti–Al welding issue. 

2. Materials and research methods 

2.1. Materials 

Plates 2 mm thick of the VT-20 (Ti-6Al-V-Mo-Zr) and V-1461 (Al- 
2.7Cu-1.8Li-0.3 Mg) alloys were used. Their chemical compositions and 
some physical properties are presented in Tables 1 and 2, respectively. 

2.2. Experimental procedure 

Before welding, the oxide films had been removed from the plates 
surfaces by fine grinding. The aluminium plates were further treated 
with the 10 wt% NaOH aqueous solution. 

The plates were butt welded with a CO2 laser (wavelength is 10.6 μm, 
beam parameter product was 4.7) at a power of 1.2 kW. At the focus, a 
laser beam diameter was 200 μm. It was focused with a ZnSe lens at a 
focal length of 254 mm. The welding speed was 1 m/min. The weld zone 
was shielded from oxidation with helium gas on both the top and bottom 
of the weld (Fig. 1, a). The gas is supplied through the nozzle on the top 
and through the table in the bottom. The nozzle is placed in front of the 
laser focus and follows it during the welding process. The gas rate was 5 
l/min both on the top and the bottom. 

Welding was carried out without the beam offset, as well as with the 
beam offset of 0.5 and 1 mm towards the titanium alloy plate (Fig. 1, c 
and b, respectively). In all cases, the laser beam was focused at 3 mm 
below the plate surfaces. 

2.3. Research procedures 

In this research, both durometric and tensile tests were carried out as 
well as optical microscopy (OM), scanning electron microscopy (SEM), 
and the synchrotron X-ray diffraction analysis diffraction (SXRD) anal
ysis were implemented. 

The durometric tests were realized with a ‘Wilson Hardness’ micro
hardness tester at a load of 0.3 kg according to the Vickers method. At 
each point, there were four measurements by indentation along 4 par
allel tracks. 

The tensile tests were carried out with a ‘Zwick Roell’ tensile testing 
machine. Samples 100 mm long had a rectangular cross section of 2 ×
10 mm. 

The OM studies were performed using a ‘Olympus Lext 2000’ 
confocal microscope in the non-confocal mode. Cross sections had been 
alternately etched with Köller’s and Kroll’s reagents to reveal the 
microstructure of aluminium and titanium, respectively, as well as with 
a special solution, containing 5% hydrofluoric acid and 10% HNO3, for 
detection of titanium aluminides. After each etching, the OM study was 
carried out at the corresponding part of the welded joint cross sections. 

SEM studies were carried out on an EVO30 XVP microscope equip
ped with an Oxford Instruments X-Max 80 energy dispersive spectrom
eter. To determine the chemical composition in the mixing zones (MZs), 
an energy dispersive X-ray (EDX) analysis was carried at 12 points 
uniformly distributed over their cross sections. 

Diffraction patterns of the welds were obtained at the Institute of 
Nuclear Physics of the Siberian Branch of the Russian Academy of Sci
ences at the 4th channel of the ‘VEPP-3’ station. The beam had a rect
angular cross section with dimensions of 400 × 100 μm. The radiation 
wavelength was 0.3685 Å. The patterns were recorded using a ‘mar345’ 
2D detector located behind the samples (Fig. 2, a), which were cir
cumferentially integrated into spectra then (Fig. 2, b). In this case, only a 
quarter of the diffraction pattern was used (Fig. 2, c). The distance be
tween the detector and the samples was 425 mm. The detector had a 
3450 × 3450 pixels screen with the pixel size of 100 × 100 μm. 

3. Results 

3.1. Microstructural research 

3.1.1. The base metals 
The initial V-1461 alloy contained copper-rich (See Table 3) hard

ening [22,23] precipitates <1 μm in size (Fig. 3, a; points 4 and 6). Also, 
there were very few larger particles of 6–8 μm (Fig. 3, a; points 1 and 2). 

Since the VT-20 alloy belonged to the pseudo-α grade, its micro
structure contained a certain amount of the β phase (typically 1–3 vol%). 
In the studied case, the α phase was observed in both globular and 
lamellar forms (Fig. 3, c). 

The small sizes of the hardening phases in the V-1461 alloy caused 
their broad and fuzzy reflections in the diffraction patterns (Fig. 3, b). 
The SXRD analysis of the titanium alloy confirmed the presence of a 
small amount of the β phase (Fig. 3, d). 

3.1.2. Welding without the beam offset 
Welding without the beam offset had caused great interaction of the 

molten base metals, resulting in a wide MZ of about 800 μm (Fig. 4). A 
part of the molten V-1461 alloy had avoided such intense mixing, so the 
aluminium fusion zone (Al FZ) was also observed in the microstructure 

Table 1 
The chemical compositions of the VT-20 and V-1461 alloys.  

VT-20 

Ti, wt% Fe, wt% C, wt% Si, wt% Mo, wt% V, wt% N, wt% Al, wt% Zr, wt% O, wt% H, wt% 

Balance < 0.3 < 0.1 < 0.15 0.5–2.0 0.8–2.5 < 0.05 5.5–7.0 1.5–2.5 < 0.15 < 0.015   

V-1461 

Al, 
wt% Cu, wt% Mg, wt% Li, wt% 

Zn, 
wt% Zr, wt% Sc, wt% Mn, wt% 

Ti, 
wt% 

Balance 2.5–2.95 0.05 1.5–1.9 0.2–0.8 0.26 0.28 0.04 0.07  
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of the welded joint. 
The Al FZ contained a copper-rich meshed microstructure (Fig. 5, a). 

According to the SXRD analysis (Fig. 5, b), copper-containing particles 
included the τ1–3 phases that enabled to assess their interconnection 
with the meshed microstructure. This behavior was typical for this alloy 
in laser welding and was previously described in [24]. 

In the Al FZ (Fig. 5, a), the acicular microstructure located inde
pendently of aluminium grains. Respectively, it was concluded that they 
had initially formed from the weld pool. The high titanium content in 
these particles enabled to suppose their correspondence with the TiAl3 
and Ti2Al5 phases (Fig. 5, b). However, the Ti2Al5 reflections were barely 
distinguishable in this zone, from which it followed that its content was 
low. Consequently, such particles were predominantly the TiAl3 
intermetallics. 

In the MZ microstructure (Fig. 6), small (~1 μm) grains were found, 
which were surrounded by light areas. It should be noted that β-Ti phase 
tends to concentrate β-stabilizers (V, Mo and Zr in the studied case), 
most of which had a higher number in the periodic table (40 for Zr and 
42 for Mo vs. 22 for Ti). Therefore, it was assumed that the light areas in 
the microstructure were residual β2-Ti inclusions, since they corre
sponded to heavier elements in the BSD image. Also, this was indicated 
by the shape of these areas. 

In laser welding, a high cooling rate might have caused the fact that 
the microstructure of the α2 + γ alloy, to which the MZ material had 
belonged due to its chemical composition (30–34 at.% Al), had trans
formed into the completely lamellar form [25]. Although it was not 
possible to detect separately the α2 and γ phases because of the small 
amount and/or size of the γ phase, it was concluded that the space be
tween the bright areas was grains consisting of these two phases. 

3.1.3. Welding with the beam offset of 0.5 mm 
As in the previous case, welding with the beam offset of 0.5 mm had 

caused intense mixing of the molten base metals, which resulted in the 

formation of similar both MZ and Al FZ (Fig. 7). 
The Al FZ microstructure (Fig. 8) was similar to that after welding 

without the beam offset, but higher contents of the τ1–3 phases, as well as 
the Ti2Al5 and TiAl3 intermetallics were observed. 

The MZ microstructure (Fig. 9) was also close to that as in the pre
vious case, but the beam offset of 0.5 mm had resulted in an increase in 
the aluminium content up to 39–43 at.% that enhanced the γ phase 
amount. 

Table 2 
The physical properties of the VT-20 and V-1461 alloys.  

Alloy ρ, kg/m3 λ, W/(m.K) Cp, J/(kg⋅K) Tm, ◦C σUTS, MPa σYS, MPa δ, % 

VT-20 4450 8 549 1668 1070 840 10.0 
V-1461 2630 92 910 660 550 470 10.1  

Ti

Weld

Al
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gas

Al

Shielding gas

Laser beam

Weld

Ti

Al

Weld

Ti

Beam offset

a

b c

Fig. 1. Scheme of the welding process: a – gas shielding system, b – welding- 
brazing with the beam offset, c – conventional welding without the beam offset. 

Fig. 2. Flowcharts of the SXRD analysis: a – the research process, b – the used 
parts of the obtained diffraction images, c –the final spectrum. 

Table 3 
The chemical compositions at points 1–6 according to Fig. 3, a.  

Point Al, at.% Cu, at.% 

1 87.29 12.71 
2 81.08 18.92 
3 98.99 1.01 
4 97.59 2.41 
5 98.67 1.33 
6 96.07 3.28  
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3.1.4. Welding with the beam offset of 1.0 mm 
Welding with the beam offset of 1.0 mm had been enough to prevent 

intense mixing of the molten base metals, thus avoiding the formation of 
an extensive MZ (Fig. 10). Instead, two separate (Al FZ and Ti FZ) re
gions were found on the cross section of the welded joint. 

As in both previous cases, melting and subsequent solidification had 
caused the precipitation of hardening phases at the aluminium grain 
boundaries, due to which the meshed microstructure surrounding them 
was found in the Al FZ (Fig. 11, a). The SXRD analysis did not enable to 
reveal the presence of any Ti–Al intermetallic compounds (Fig. 11, b). 

As a result of welding, the VT-20 alloy microstructure had become 
martensitic (Fig. 11, c). EDX analysis showed an increase in the 

aluminium content near the interface between the welded plates (15.4 
vs. 11.5 at.% Al in the initial V-1461 alloy), which could explain the 
absence of the β-Ti phase in the SXRD pattern (Fig. 11, d). 

At the interface between the welded plates, a clear boundary was 
observed in the form of an intermetallic layer about 1 μm thick (Fig. 12, 
a). Near it (Fig. 12, b), the microstructure of the heat-affected zone 
(HAZ) in the VT-20 alloy plate was similar to that of the base metal 
(Fig. 3, c). It was concluded from this fact that this area had not been 
heated enough to allow the formation of a quenching microstructure 
and, respectively, had not been melted. Since the TiAl3 phase was 
typically formed during welding-brazing of some Ti/Al parts [2,10], it 
could be assumed that this intermediate layer consisted of this inter
metallic compound. 

3.2. The microhardness tests 

The microhardness test results are shown in Fig. 13. For each group 
of values, an OM image fragment is given for characterizing them (scales 
of the images are not the same). In all three studied cases, the micro
hardness levels of the Al FZs were lower than that of the base metal (~90 
vs. 140 HV0.3). This could be explained by the release of strengthening 
particles at the boundaries of aluminium grains. For both beam offset 
values of 0.5 and 1.0 mm (See Fig. 13a,b), the microhardness levels of 
about 550 HV0.3 in the MZs greatly exceeded other ones at the cross 
section of the welded joints. On the VT-20 alloy side, welding had 
resulted in the formation of the HAZ martensitic microstructures, as 
evidenced by their increased microhardness levels compared to that for 
the base metal. After welding with the beam offset of 1.0 mm (Fig. 13c), 
the VT-20 alloy HAZ was characterized by a lower microhardness level 
compared to that for the base metal with the initial microstructure. This 
fact enabled to conclude that the VT-20 plate edge had not been heated 
above the α → β transformation temperature and, respectively, had not 

Fig. 3. The microstructure and phase composition of the initial alloys: a – the V-1461 alloy microstructure (SEM, BSD image); b – the V-1461 alloy diffraction 
pattern; c – the VT-20 alloy microstructure (OM image), d – the VT-20 alloy diffraction pattern. 

Fig. 4. A general view of the welded joint cross section without the beam offset 
(BSD image). 
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been melted. 

3.3. The tensile tests 

The tensile test results showed (Fig. 14) that the beam offset had 
increased the ultimate tensile strength of the welded joints from 74 MPa 

(without the beam offset) up to 107 MPa for 0.5 mm, and up to 168 MPa 
for 1.0 mm. 

4. Discussion 

The heat input P, energy per height Pdepth, energy per linear area 
Edepth, energy per volume E were estimated: 

P =
W
V

= 72
J

mm
(1)  

Pdepth =
W
t
= 600

J
s • mm

(2)  

Edepth =
W
tV

= 36
J

mm2 (3)  

E =
W
Vth

= 28.81
J

mm3 (4)  

where W is the welding power, V is the welding velocity, t is the 
thickness of the welded plates, h = 1.48 mm is the average width of the 
weld. 

Upon the weld pool solidification after laser welding, the micro
structure formation had been significantly affected by its cooling rate. 
Two parameters had been dominant at the liquid-solid interface: the G 
temperature gradient and the R solidification rate [26]. The formation of 
dendrites had depended on the G/R ratio. Since laser welding had been 
characterized by a very high R level, the weld metal of aluminium alloys 

Fig. 5. The Al FZ microstructure without the beam offset (BSD image): a – an EDX map, b – the SXRD analysis results.  

Fig. 6. The MZ microstructure without the beam offset 
a – a BSD image; b – the SXRD analysis results. 

Fig. 7. A general view of the welded joint cross section with the beam offset of 
0.5 mm (BSD image). 
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typically possessed a microstructure composed of such grains. The 
interrelation of the thermal effect, i.e. cooling rate, with these param
eters had been dT/dt = G•R. Thus, the G/R ratio had determined the 
morphology of the grain microstructure. An increase in the cooling rate 
had caused an acceleration of their nucleation, that is, a decrease in the 
grain sizes, which had been affected by the G•R multiplication, 
respectively. 

According to [27], the cooling rate in laser welding could be 
expressed through the following equation: 

dT
dt

= GR = 2π
(
Tliq − T0

)3

η2
abs*E2

Depth
λρCp (5)  

where Tliq was the liquidus temperature, ηabs was the absorption coef
ficient of the laser radiation, λ was the thermal conductivity, Cp was the 
heat capacity, ρ was the metal density, EDepth = P/tV was the laser beam 
linear energy to the penetration depth. 

The cooling rate depended on the λ thermal conductivity and the 
EDepth linear energy. Respectively, it was possible to estimate the cooling 

Fig. 8. The Al FZ microstructure with the beam offset of 0.5 mm (BSD image): a – an EDX map, b – the SXRD analysis results.  

Fig. 9. The MZ microstructure with the beam offset of 0.5 mm: 
a – a BSD image; b – the SXRD analysis results. 

Fig. 10. A general view of the welded joint cross section with the beam offset of 1.0 mm: a – the V-1461 alloy side (BSD image), b – the VT-20 alloy side (OM image).  
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rate taking into account the process parameters. The cooling rate eval
uation results for the joined materials using Eq. 1 with an absorption 
coefficient of 0.8 gave 1081 K/s for the VT-20 alloy and 1205 K/s for the 
V-1461 one. As expected, the cooling rate was higher for the aluminium 
alloy. 

According to [27], the solidification rate after laser welding could be 
assessed via the following expression: 

G

/

R = 2π
(
Tliq − T0

)3

η2
abs*P2

Depth
λρCp (6)  

where PDepth = P/t was the laser beam linear energy to the penetration 
depth. 

The calculation results showed that the G/R ratio was 3.89 K⋅s/mm2 

for the VT-20 alloy and 4.37 K⋅s/mm2 for the V-1461 one (the solidifi
cation rate was also greater for the aluminium alloy [28]). 

In butt welding, both alloys had been melted and mixed, so it was 
difficult to apply these estimates. It was stated in [28] that the addition 
of dissolved or impurity elements in the planar front was beneficial if the 
temperature gradient was very high and/or the solidification rate was 
very low. Most of alloys were typically solidified according to the den
dritic or cellular type. The local cooling rate had a significant effect on 
the size (or scale) of the formed microstructure. In this case, high G⋅R 
values contributed to its refining. The grain shapes were mainly deter
mined by the supercooling degree of the molten material. 

The SXRD analysis showed that the welded joints contained the 

Fig. 11. The Al FZ and Ti FZ microstructures with the beam offset of 1.0 mm: a – a BSD image of the Al FZ; b – the SXRD analysis results of the Al FZ; 
c – an OM image of the Ti FZ (non-confocal mode); d – the SXRD analysis results of the Ti FZ. 

Fig. 12. The microstructure near the interface between the welded pates with the beam offset of 1.0 mm: a – a layer of intermetallic compounds (BSD image); b – a 
layer of the solid VT-20 alloy between the Al and Ti FZs (OM image). 
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δ′(Al3Li), T1(Al2CuLi), T2(Al6CuLi3), and T3(Al5CuLi3) hardening pha
ses, typical for the V-1461 alloy. Also, the β2-Ti, α2Ti3Al, γTiAl, Ti2Al5 
and TiAl3 compounds were found in addition to the Al, as well as α- and 
β-Ti phases of the base metals. 

The β-Ti phase is characterized by a body centered cubic structure 

that is stable at temperatures above 882 ◦C in pure metal or at lower 
temperature levels in the presence of any β-stabilizing additives such as 
Cr, Fe, Mo, V, etc. In the studied case, a high amount of Al in the β-Ti 
solid solution could result in its ordering into the β2-Ti phase (Fig. 15). 
Both β2-Ti and α2Ti3Al phases are ordered solid solutions based on the β- 

Fig. 13. The microhardness test results: a – without the beam offset; b – with the beam offset of 0.5 mm; c – with the beam offset of 1.0 mm.  
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and α-Ti phases, respectively. The α2Ti3Al phase is stable at room tem
perature without any alloying, while the β2-Ti phase is stable only at 
high temperatures (Fig. 15 [29]). This phase can be found at room 
temperature as a result of alloying with the β-stabilizing elements [30] 
even at their low total amounts (~3.2 at.% [31]). The γTiAl phase has a 
tetragonal crystalline structure and can be formed in the Ti–Al solid 

solutions with an aluminium content of more than ~38 at.% at room 
temperature. The Ti3Al phase is also stable at room temperature, but has 
a very narrow homogeneity range (from 74.5 to 75.0 at.% Al [32]). 

In the Al–Li alloys, the δ′Al3Li compounds can be formed only as a 
result of quenching [33] or quenching and subsequent artificial ageing 
[34]. The T1Al2CuLi hardening phase with a hexagonal crystalline 

Fig. 14. The tensile test results for the welded joints compared to those for the base metals, as well as similar laser welded joints of the V-1461 alloy* [36] and 
dissimilar ones with the VT-5 (Ti–6Al) alloy** [37]. 

Fig. 15. A part of the Ti–Al state diagram [29].  
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structure is a characteristic of the joined Al-Cu-Li alloy. The 
T3(Al5CuLi3) and T2(Al6CuLi3) phases are interrelated. The first one 
possesses a cubic structure, stable in the Al-Cu-Li alloys under normal 
conditions, while some periodic defects in its structure may cause the 
formation of the T2(Al6CuLi3) phase with an icosahedral quasi- 
crystalline structure [35]. 

According to the Ti–Al state diagram (Fig. 15), the molten alloy 
containing ~40 at.% Al solidifies at a temperature of about 1550 ◦C, 
which had been much higher than the melting point of the V-1461 one 
(~650 ◦C). Due to such a significant difference in the melting temper
atures, as well as in both cooling and solidification rates, heat had 
distributed from the solidified MZs into the V-1461 alloy base metal, 
causing its wider melting. For this reason, the Al FZs were observed in 
both welded joints, obtained without the beam offset and at its value of 
0.5 mm (Figs. 5 and 8). The beam offset of 0.5 mm towards the VT-20 
alloy had enhanced a degree of mixing of the base metals. As a result, 
the MZ included the higher aluminium content (~41 at.% vs. ~34 at.%), 
and the greater amount of the Ti-containing phases was observed in the 
Al FZ (Fig. 5, b and Fig. 8, b). 

As a result of welding, the microstructure of the V-1461 alloy had 
been changed significantly, due to which its mechanical properties had 
greatly deteriorated [36]. Probably, it was possible to return the initial 
microstructure by post-weld heat treatment, but it would provoke 
further growth of intermetallic compounds and, consequently, deterio
ration of the mechanical properties of the welded joints [12]. 

In the MZ microstructure, the α2Ti3Al and γTiAl phases, as well as 
residual β2-Ti, were found in the cases of welding without the beam 
offset and at its value of 0.5 mm. Such inclusions possessed dimensions 
of <1 μm due to the high cooling rates. 

The beam offset of 1 mm had enabled to insulate the molten base 
metals with the layer of the solid VT-20 alloy. This fact could be esti
mated from the lower microhardness level in its HAZ near the interface 
between the welded plates (Fig. 13, c), as well as the similar micro
structures in both this region (Fig. 12) and the base metal (Fig. 3, c). 
Since the TiAl3 phase was typically formed during welding-brazing of 
some Ti/Al parts, it could be assumed that this intermediate layer con
sisted of this intermetallic compound [2,10]. 

5. Conclusions  

1. The mechanisms of the microstructure formation in the dissimilar 
laser welded joints of the VT-20 (Ti-6Al-V-Mo-Zr) and V-1461 (Al- 
Cu-Li) alloys were reported for both conventional and welding- 
brazing conditions.  

2. At the low beam offset of 0.5 mm and without it at all, laser welding 
of the VT-20 (Ti-6Al-V-Mo-Zr) and V-1461 (Al-Cu-Li) alloys caused 
the formation of the wide (0.8–1.0 mm) region, consisting of the 
α2Ti3Al, γTiAl and β2-Ti phases. The low beam offset of 0.5 mm 
resulted in enhancing the aluminium content in this region.  

3. Welding with the sufficient beam offset (1.0 mm in the studied case) 
excluded the formation of this zone, replacing it with the thin TiAl3 
interlayer.  

4. In all studied cases, welding contributed to lowering the strength of 
the welded joints in the aluminium fusion zone, which could be 
improved by post-weld heat treatment. The effect of acicular TiAl3 
inclusions on the mechanical properties of the welded joints still 
remains unclear.  

5. The beam offset towards the VT-20 alloy improved the ultimate 
tensile strength of the welded joints from 74 MPa (without the beam 
offset) up to 107 MPa for 0.5 mm, and up to 168 MPa for 1.0 mm. 
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