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DISTRIBUTION OF CHEMICAL ELEMENTS
IN THE ZONE OF ALUMINIUM ALLOY AMg6
TO TITANIUM ALLOY VT6 JOINTS
PRODUCED BY DIFFUSION WELDING IN VACUUM
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The possibility of a combined use of titanium and aluminium alloys in the form of permanent joints is of
high interest to many industries. However, no investigations involving evaluation of the effect of the
diffusion welding process on distribution of chemical elements and microstructure of the welded joints have
been conducted so far. As revealed by the metallographic examinations carried out in this study, magnesium
during the welding process diffuses from alloy AMg6 to the zone of joining with alloy VT6 and accumulates
in the contact region. An interlayer of aluminium AD1 was used to eliminate the negative effect of magnesium.
A gradual decrease in the concentration of magnesium from AMg6 to AD1 was observed in the joining zone
when using the aluminium interlayer. A region of diffusion interaction, in which titanium and vanadium
diffused from VT6 to AD1, was detected in the AD1 + VT6 joining zone. It can be concluded from the
investigation results that in vacuum diffusion welding of titanium alloys to aluminium alloys containing
magnesium the use of the interlayer of pure aluminium provides the sound welded joints with a gradual
distribution of magnesium in the joint. The main role in formation of the titanium alloy to interlayer joint
is played by the processes of diffusion of titanium and vanadium in a direction of the interlayer. 7 Ref.,
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The progress in modern machine building, aero-
space, chemical and other engineering fields is
related to the application of components made
from aluminium and titanium alloys. Of the high-
est interest to designers is the possibility of the
combined use of titanium and aluminium alloys
in the form of permanent joints.

The problem of producing components from
such materials can be solved by using vacuum dif-
fusion welding (VDW) [1-3]. Analysis of litera-
ture data shows that no detailed investigations of
the effect of distribution of chemical elements in
the welded joint on its microstructure have been
conducted up to now for this pair of alloys [4—6].

Welding of alloy AMg6 to alloy VT6 was
performed both without interlayers and with an
interlayer of aluminium AD1. Welding parame-
ters were as follows: pressure P = 20 MPa, time
t = 20 min, and welding temperature T = 540 °C.
Investigations were conducted on the sections
made from the investigated welded joints with
their subsequent ion etching using the JEOL unit
JFC-1100 (Japan) under the conditions specially
selected and optimised for the investigated bi-
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metal pairs. Investigations of distribution of che-
mical elements were carried out by using the
JEOL Auger microanalyser JAMP 9500F equip-
ped with the «Oxford Instruments» energy-dis-
persive X-ray spectrometer of the INCA system
(Great Britain).

During welding the alloys are subjected to
the thermal-deformation effect. This causes oc-
currence of the recrystallisation and diffusion
processes in the joints, thus influencing the metal
structure and properties.

As shown by the investigations, it is impossi-
ble to produce the welded joints between tita-
nium alloy VT6 and aluminium alloy AMg6 by
the VDW method using no technological ap-
proaches. Fracture of the resulting joints occurs
directly in the joint.

According to the Mg—Ti equilibrium consti-
tutional diagram [7], magnesium is insoluble in
titanium. In the course of the welding process
magnesium diffuses from AMg6 to the zone of
joining with VT6, and accumulates there to form
the 15—17 um wide region with a content of up
to 11 wt.% (Figure 1, @). Titanium at a content
of up to 15 wt.% and vanadium of up to 1 wt.%
were also detected in this region. The 3—4 pum
deep zones with an increased content of oxygen
(up to 9 wt.%) were revealed on the contact
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Figure 1. Microstructure and distribution of chemical elements in the AMg6 + VT6 welded joint produced by the VDW
method without interlayers at tw = 20 min, Tw = 540 °C, Pw = 20 MPa: ¢ — in an area of the layer with increased
content of magnesium, and in the base metals; b — in layers at the near-contact surfaces

surfaces of both alloys. The zone on AMg6 con- It is the formation of all these zones that pre-
tained also (wt.%) up to 30 Ti, up to 2 V and Vents production of the welded joint. Therefore,

up to 9 Mg, while the zone on VT6 contained up the 150 pm thick interlayer of commercially pure
to 4.5 Mg (Figure 1, b). aluminium AD1 was used to avoid the negative

AlL|Ti, V, wt.%

1 ; 0 1 2
0 50 100 b Distance, pm
b Distance, pm

Figure 3. Microstructure of the region of contact of titanium
Figure 2. Microstructure of the AMg6 + AD1 + VT6 joint alloy with the interlayer (@), and distribution of the con-
(a), and distribution of magnesium in the AMg6 + AD1 centration of titanium, vanadium and aluminium along the
joining zone (b) normal to the AD1 + VT6 joining line (b)
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effect of alloying elements of alloy AMg6. The
main goal of the interlayer is to block diffusion
of magnesium as the most active chemical ele-
ment. The thickness of the interlayer, i.e.
150 um, was chosen in accordance with the lit-
erature data and our earlier experimental studies.

Analysis of the welded joints produced by the
VDW method using the AD1 interlayer showed
that during the welding process magnesium dif-
fused from AMg6 to AD1 to a depth of 60—65 pm.
In this case no accumulation of magnesium near
the AD1 + VT6 joining zone was fixed (Fi-
gure 2). A region with the decreased magnesium
content, down to 150 um deep, formed in the
near-contact zone of AMg6. The 1.5-2.0 um wide
region of diffusion interaction was detected in
the AD1 + VT6 joining zone (Figure 3). Tita-
nium and vanadium in this zone diffused from
VT6 to AD1 to a depth of 0.5-0.8 pm, and alu-
minium — to VT6. In our opinion, formation of
the detected region of diffusion interaction is the
main condition for producing the sound welded
joint.

Conclusions

1. It was established that diffusion welding of
AMgb6 to VT6 alloys using no aluminium inter-
layer fails to provide the welded joints due to
the negative effect of magnesium.
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2. Application of the aluminium interlayer
leads to formation of two diffusion zones in the
joint: AMg6 + AD1 and AD1 + VT6.

3. In the joining zone adjoining alloy AMg6,
magnesium during the welding process diffuses
in a direction to the AD1 interlayer. The zone
with a decreased magnesium content forms in
this case in aluminium alloy AMg6.

4. Diffusion of vanadium and titanium in a
direction of the AD1 interlayer is observed in the
joining zone adjoining alloy VT6.
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