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FORMATION OF BRAZED JOINTS
ON TITANIUM ALUMINIDE

S.V. MAKSYMOVA
E.O. Paton Electric Welding Institute, NASU, Kiev, Ukraine

Studied were the features of formation of brazed joints on titanium aluminide, produced by radiation heating in vacuum
using brazing filler metals based on the Ti--Zr system and alloyed with other elements. It is noted that utilisation of
copper and nickel containing filler metals does not allow producing a homogeneous structure of metal of the brazed
seams. Alloying the Ti--Zr system with iron, manganese and other elements provides structure and properties of the
brazed seams close to those of the base material.

K e y w o r d s :  vacuum brazing, titanium aluminide, brazing
filler metal, adhesion-active alloys, structure, eutectic, chemical
heterogeneity

Compositions based on the Ti--Al system are typical
representatives of a new generation of high-strength
and heat-resistant intermetallic alloys [1]. They hold
promise for application in aircraft engineering to
manufacture a number of parts of the hot section of
gas turbine engines [2]. In their heat-resistant charac-
teristics at 700--750 °C, they can compete with high-
nickel alloys owing to their low specific weight [3].
This can provide a 30 % decrease in weight of a gas
turbine engine.

Extensive research has been conducted in the last
decades to study properties of heat-resistant titanium
alloys on the intermetallic base and develop techno-
logical processes for production of permanent joints.
Traditional welding methods (heating with a high
heat input, application of pressure) are unacceptable
in many cases.

The preferable method for joining intermetallic
alloys is brazing. However, it involves a number of
difficulties. On the one hand, the brazing process al-
lows avoidance of high residual stresses in the joints,
melting of the base metal and formation of cracks, as
well as maintaining of mechanical properties of the
base metal without violation of its structural state.
On the other hand, production of brazed joints on
γ-TiAl and selection of composition for brazing filler
metals are limited to narrow ranges of contents of
alloying elements, within which mechanical properties
and performance of the base metal do not deteriorate.
In this case, the rate of diffusion of many components
of filler metals may be substantially slowed down
because of formation of intermetallic phases with alu-
minium. In addition, intermetallic alloys differ in com-
position, and each alloy requires an individual ap-
proach to selection of filler metals and brazing tem-
perature.

Reportedly [4, 5], components of the Ti--Al system
differ much in their electronic structure of atoms and
form a range of alloys, such as Ti3Al, TiAl and TiAl3.
Mechanical properties of alloys based on the Ti--Al

system depend upon their aluminium content. Hypos-
toichiometric alloys Ti--(46--49)Al (further on ----
at.%), rather than single-phase γ-TiAl alloys, have
maximal ductility. They belong to the two-phase
(α2 + γ)-region, and the α2-phase is represented by
intermetallic Ti3Al [4]. Alloys with the α2-phase con-
tent of 10--15 vol.% are characterised by the maximal
level of ductility [6]. Alloys with a fully lamellar
coarse-grained structure (α2 lamellae in the γ-matrix)
have maximal creep resistance at increased and low
temperatures.

The key drawback of the Ti--Al system based alloys
under consideration, having an ordered lattice of the
L10 type, is their low ductility (δ = 0.2--0.5 %) at
room temperature, which is caused by specific dis-
placement of dislocations in a face-centred tetragonal
lattice. Yield stress grows with increase in temperature
to about 800 °C.

So far only the first steps have been made in the
field of the technology for joining intermetallic alloys
by brazing. Criteria for selection of this joining
method or the other have not been developed as yet.
In this connection, we can speak only about individual
studies. Moreover, these studies do not always answer
the main goal, which consists in providing high per-
formance of the joints under service conditions.

Vacuum brazing [7] of intermetallic titanium alloy
Ti--37.5 % Al, whose structure is represented by the
lamellar γ(TiAl)- and α2(Ti3Al)-phases, is performed
by using the 15 µm thick aluminium foil, and by ap-
plying a compressive force and holding at a tempera-
ture of 700 or 900 °C, this favouring the diffusion
processes and formation of intermetallics TiAl2 (or
TiAl3) in the brazed seam metal. Long-time heat treat-
ment of the brazed joints at 1300 °C with holding for
3.84 ks failed to provide formation of the lamellar
γ/α2-phase and strength of the brazed joints at a level
of the base metal. Tensile strength σt at a temperature
of 20 °C was approximately 220 MPa [7]. A drawback
of this technological process is that it is labour- and
time consuming. In addition, application of the com-
pressive force is determined by design features of a
specific brazed part. Hence, it cannot be considered
a versatile method for production of permanent joints.

© S.V. MAKSYMOVA, 2009

2 3/2009

Copyright ОАО «ЦКБ «БИБКОМ» & ООО «Aгентство Kнига-Cервис»

Перейти на страницу с полной версией»

Перейти на страницу с полной версией»

Перейти на страницу с полной версией»

Перейти на страницу с полной версией»

http://rucont.ru/efd/202676
http://rucont.ru/efd/202676
http://rucont.ru/efd/202676
http://rucont.ru/efd/202676

