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Diffusion bonding of y~TiAl alloy to Ti-6Al1-4V alloy under hot pressure
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Abstract: The diffusion bonding of ~TiAl alloy to Ti-6Al-4V alloy at different temperatures ranging from 1 073 to 1 173 K under an
applied stress of 100 MPa for 2 h was studied. The observation of the microstructure reveals that sound joints between the y-TiAl
alloy and the Ti-alloy without any pores or cracks can be achieved through diffusion bonding at temperatures over 1 073 K under the
applied stress of 100 MPa for 2 h. The bond is composed of two zones, and its width increases with the increase of bonding
temperature. The EDS chemical composition profiles indicate that there is a diffusion flux of Al atoms from TiAl alloy towards the
Ti alloy and of Ti atoms in the opposite direction. The three point-bending of the joints bonded under different conditions was tested

and the fracture mode was analyzed by SEM observation.
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1 Introduction

Alloys based on the y-TiAl intermetallic compounds
have been of much interest in recent years as light-mass
structural materials for elevated temperature aerospace
applications[1-5]. Successful joining and cost effective
fabrication methods for these materials will increase their
utility in engineering applications. Encouraging results
have been obtained in a few studies by using fusion
welding techniques, including gas tungsten arc welding
[6], laser welding[7] and electron beam welding[8].
However, the largest challenge for fusion welding is the
high residual stress and rapid cooling rate. In comparison
with fusion welding processes, diffusion bonding(DB)
has the advantage that no melting of the base material
occurs, which produces a drastic local change of the
microstructure and related mechanical properties. In
comparison with fusion welding processes, diffusion
bonding(DB) has the advantage that no melting of the
base material occurs, and couldn’t produce a drastic local
change of the microstructure and related mechanical
properties. Furthermore, it can avoid some typical fusion
welding defects, such as hot cracking and stress cracking
susceptibility. Thus, DB is a good approach for the

bonding of y~TiAl alloys. To date, a number of literatures
have demonstrated the possibility to join both y-TiAl
alloys and Ti-alloys either to themselves or to other
special materials by diffusion bonding[9—-17].

In the present study, the diffusion bonding of a
9~TiAl alloy to a Ti-6Al-4V alloy at different tempera-
tures, ranging from 1 073 to 1 173 K, under an applied
stress of 100 MPa for 2 h is presented and the relations
between bonding parameters and microstructural features
are demonstrated. Furthermore, the three point-bending
of the BD joints is tested and the fracture mode is
analyzed by SEM observation.

2 Experimental

A Ti-6Al1-4V rolled bar in the annealed condition,
and an as cast titanium aluminide alloy with the nominal
composition Ti-46.5A1-2.5V-2Cr-1.5Nb (mole fraction,
%) were selected as experimental materials. The TiAl
alloy was hot-isostatic-pressed(HIP) under the conditions
of 1 523 K, 172 MPa, 4 h. Specimens with the size of
8 mmx6 mmx4 mm were cut for DB experiments. Prior
to joining, the »~TiAl samples were heat-treated at 1 353
K for 16 h, and then cooled in the furnace.

DB was conducted with a Gleeble thermal-imitation
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machine, and the working chamber was evacuated to
1.33x107 Pa at room temperature. The mating surfaces
of the specimens were ground with SiC-paper down to
grit 1200 and finally cleaned in a reagent consisting of

1%HF, 6%HNO; and 93%H,0 (volume fraction) for 10 s.

The mating specimens were put inside a stainless steel
rectangle tube with an inner dimension of 6 mmx4 mm
and a wall thickness of 3 mm, as schematically illustrat-
ed in Fig.1. DB was carried out at 1 073, 1 153 and 1 173
K with an applied stress of 100 MPa for 2 h.

Specimen

L . Stainless steel tube
Fig.1 Schematic diagram of »TiAl/Ti-6Al-4V alloy diffusion

bonding mode

To determine the bonding quality, the three-point
bending strength of the joints was tested in comparison
with that of the base »TiAl alloy.

The microstructures of the base alloys and the
interfaces resulting from joining were characterized by
optical microscopy(OM) and scanning electron
microscopy(SEM). The chemical composition of the
diffusion bond was determined quantitatively by energy
dispersive spectrometry(EDS). The fracture morphology
after three-point bending testing was analyzed by SEM
observation.

3 Results and discussion

Fig.2 illustrates the microstructures of the base
materials. It can be seen that the microstructure of
Ti-6Al-4V alloy in the annealed condition consists of
two phases: the equiaxed primary o phase, with a size of
20-30 pum, and the intergranular regions of transformed
P(Fig.2(a)). The TiAl alloy after HIP and heat
treatment at 1 353 K for 16 h exhibits a near y micro-
structure, with some a, particles or lamellar colonies at
grain boundaries. The size of the equiaxed grains is in
the range of 30—-50 pm (Fig.2(b)).

The development of the interfacial microstructure
during diffusion bonding under the different processing

conditions used in this investigation is illustrated in Fig.3.

Many micro-voids can be observed at the interface after
DB at 1 073 K for 0.5 h. However, these micro-voids are
eliminated by increasing the dwelling stage to 2 h, as it
can be observed in Figs.3(b)—(d). Therefore, sound
bonds between »~TiAl and Ti alloys can be achieved
when joining is carried out at temperatures of 1 073 K
and over, under an applied stress of 100 MPa for 2 h. The
bond width increases with the increase of bonding tem-

Fig.2 Microstructures of two base materials in annealed
condition: (a) Ti-6Al1-4V; (b) »~TiAl alloys

perature, and it is measured to be 5.5, 11 and 15 pm for
the samples bonded at 1 073, 1 153 and 1 173 K,
respectively. Furthermore, it is clearly visible that the
joining temperature induces microstructural alterations in
both #TiAl and Ti-6Al-4V base alloys, i.e. the grains of
these base alloys grow up when the bonding temperature
is elevated.

Fig.4 shows a back-scattered electron(BSE) image
of the bond produced under the conditions of 1 173 K,
100 MPa, 2 h. It is clearly seen that the interface can be
divided into two zones. Zone 1, which 1s located close to
the »~TiAl alloy, is generally wider than Zone 2, which is
near the Ti alloy. No evident boundary can be detected
between the two zones, but the transition from the 5-TiAl
parent alloy to Zone 1 seems to be more distinct than that
between Zone 2 and the Ti parent alloy. The
concentration profiles across the interfaces resulting
from joining at the different temperatures are shown in
Fig.5. The concentration profiles indicate that there is a
diffusion flux of Al atoms from y-TiAl alloys towards Ti
alloy and of Ti atoms in the opposite direction. The
diffusion causes enrichment in Ti and depletion in Al in
Zone 1, leading to some increase in the amount of the a,
phase. In contrast to Zone 1, the net diffusion fluxes of
Al and Ti atoms in Zone 2 cause both its enrichment in
Al and depletion in Ti, leading to the nucleation of the a,
phase in the original a-Ti grain structure. These are
similar to the results reported by HOLMQUIST et al[ 16,
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Fig.3 SEM microstructures of bond interfaces of 5~ TiAl alloy/Ti-6Al-4V alloy bonded under ap
for0.5h; (b) 1073 K for2 h; (¢) 1153 K for2h;(d)1173 K for2 h

| +-Zone 1

Fig.4 Back-scattered electron(BSE) image of bond interface of
7-TiAl alloy/Ti-6Al1-4V alloy bonded under applied stress of
100 MPaat1 173K for2 h

17], in which Zone 1 is composed of large y+a, grains,
while Zone 2 is composed of smaller a+a, grains.

The Vickers microhardness across the interface
resulting from joining at the conditions of 1 173 K, 100
MPa, 2 h was measured. The test results are shown in
Fig.6. It can be seen that the microhardness of the
diffusion bond is in the range of HV310 to HV450, and
increases monotonously from the »TiAl alloy towards
the Ti alloy. The variation of the microhardness across
the interface can be an explanation of the formation of
fine o, phase in the bond.

To determine the bonding quality, the three-point

N, - [l #s.1
plied stress of 100 MPa: (a) 1 073 K

bending strength of the joints was tested in comparison
with that of the base »~TiAl alloy. The results of the ratio
of bending strength of the joints to that of base y~TiAl
alloy (BSR) are summarized in Table 1. The fracture of
joints bonded under an applied stress of 100 MPa at
1 073 K for 0.5 h occurs at the interface of the »~TiAl
and Ti-6Al-4V, as shown in Fig.7(a). And some voids
can be found on the fracture surface. The flat fracture
morphology indicates that the joint is in mechanical
joining fracture mode. While, the joint bonded under the
conditions of 1 00 MPa at 1 073 K for 2 h exhibits two
fracture modes, as seen in Fig.7(b), one is the cleavage
fracture, which occurs in »TiAl alloy side, the other is
the mechanical joining fracture, which occurs at the
bonding interface. To the joint bonded at 1 153 K for 2 h,
the fracture occurs in y~TiAl alloy in typical clearage
mode, which implies that sound metallurgy joining has
been achieved, resulting in high fracture strength, as seen
in Fig.7(c).

Table 1 Results of three-point bending strength of joint
Bonding conditions BSR

Fracture location

1073 K, 100 MPa, 0.5 h 15.4% 1A
1073 K,100MPa,2h 47.1% 1B
1 153K, 100 MPa, 2 h >80% (@)
1173 K, 100 MPa, 2 h >80% O

Fracture location: IA is inside bonding zone (mechanical joining fracture);
IB is inside bonding zone (Cleavage+mechanical joining fracture); O is
outside bonding zone (Cleavage)
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Fig.5 EDS line scanning of Ti, Al and Cr in bond interface of

7~TiAl alloy/Ti-6A1-4V alloy bonded under applied stress of
100 MPa: (a) 1 073 K for 2 h; (b) 1 153 K for 2 h; (¢) 1 173K
for2h
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Fig.7 SEM fractograph
three-point bending of »TiAl bonds: (a) Mechanical joining

s of typical fracture modes observed in

fracture; (b) Cleavage+mechanical joining fracture; (c) Clea-
vage joining fracture

4 Conclusions

1) Joints between y~TiAl alloy and Ti alloy without
any pores or cracks are achieved through diffusion
bonding performed in the temperature range of 1 073 to
1 173 K under the applied stress of 100 MPa for 2 h.

2) The interface is composed of two zones, and its
width increases with the increase of the bonding
temperature. The EDS chemical composition profiles
show a diffusion flux of Al atoms from the »TiAl alloy
towards the Ti alloy and of Ti atoms in the opposite
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direction.

3) In the bonding process, the diffusion of Ti atoms
in interface is mainly controlled by grain boundary
diffusion.

4) When the joint is bonded at 1 153 K for 2 h, a
sound metallurgy joining with high fracture strength is
achieved. Its fracture is in cleavage mode.
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