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Abstract: The interface evolution of TiAl/ Ti6242 joint produced by transient liquid phase( T LP) bonding with Ti,

Cu foils as insert metals was investigated. The results show that the surface oxide layer on TiAl plays a very impor-

tant role in the formation process of the joint. A ‘ bridge’ effect is observed because of the presence of the oxide lay-

er on the surface of TiAl. The diffusion behavior of Cu atoms in TiAl is strongly controlled by the vacancies beneath

the surface of TiAl. Based on the interface diffusion and interface wettability, a mechanism for the effect of bonding

pressure, bonding temperature, holding time and stacking sequence of the insert foils on the joint formation process

were proposed.
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1 INTRODUCTION

TiAFbase alloy is an attractive candidate ma-
terial used in aerospace, automotive and power
generation industries, but its poor workability
makes it impossible to fabricate a complex integrity
component in some cases. So it is important to em-
ploy a suitable bonding technique to join TiAFbase
alloy to itself or to other materials.

Recently transient liquid phase( T LP) bonding
has been gotten more and more attention to join

advanced materials'" .

The principle of this
method has been introduced elsewhere”. The
process and phenomenon of TLP bonding are very
similar to those of the conventional brazing. The
most important difference between TLP bonding
and brazing is the solidification behavior of the liq-
uid phase formed during bonding. The difference
can become much clear by checking the stages
which the bonding processes have undergone'® .

TLP bonding can be utilized to join interme-
tallics to itself or to superalloys. However, most
of the current investigations focus on NiAl inter-
metallics. Gale et al'> " and Moore and Kalinow s-
ki'® elaborately investigated the bonding process
and interface structure of NiAl TLP joints. Fur-
thermore, Strum et al'” succeeded in producing
bondline-free NiAl TLP joint using 0. 165 mm pure
Al and 0. 25 mm Ni layers in diameter as insert
metals by electron beam evaporation onto prehea-

ted NiAl substrates. Recently Butts et al''” inves-
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tigated TLP bonding of TiAlFalloy using a mixture
composed of Cu powders and atomized TiAFalloy
powders as interlayer. Moreover the oxidation re-
sistance of the similar joints has been estimated in
the work conducted by Fergus et al'''l,

T he application of TLP in joining of interme-
tallics to metals has been investigated widely. Gale
et al'" " joined NiAl to Ni with NrSiB insert
metal respectively. Microstructural development in
NiAl/NrSrB/Ni joint showed that aluminum
transferred from NiAl substrate to the initially AF
free joint and a martensite transformation of NiAl
substrate occurred. Moreover liquidation has also
been found in the joint. In order to avoid the liqua-
tion of Ni substrate, an inset foil alternative, pure
copper, was chosen to join NiAl and Nrbase al-

' Investigation on the interface evolution of

loy
the joint indicates that the isothermal solidification
of the joint occurs primarily by epitaxial growth of
Bphase from the NiAl substrate into the joint. U-
sing corresponding bulk alloys with the same com-
position as that of the phases detected in the NiAl/
Cu/ Ni joint,
to clarify the interface development and mechanical

an analogical examination was made

property of the dissimilar material joints by Gale
and Abdo'".

As one of the microstructure-tailorable alloy,
T1i6242 has potential to be designed to obtain de
sired comprehensive properties for given aerospace
applications. TLP bonding tech-
nique was employed to join Ti6242 and TiAlFbase

In this paper,
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alloys with Ti and Cu foils as insert metals. The
interface structure of TiAl/Ti6242 TLP joint was
investigated in details. Based on the experimental
results, the mechanism of the interface evolution
was proposed.

2 EXPERIMENTAL

The master materials to be joined were Tt
42AF2Cr( mass fraction, %) and Ti6242 alloys.
The alloys were machined to the size of 14 mm x 14
mm X 4 mm and the mating surfaces were ground
with 10 Bm SiC abrasive paper. Ti and Cu foils
with thickness of 50 Pm and 20 Pm respectively
were used as insert metals. All of the raw materi
als were cleaned in acetone with ultrasonic equip-
ment for 10 min before bonding.

All bonding experiments were carried out in a
vacuum hot press. The background vacuum before
heating was 4 X 10" *Pa and the heating and cooling
rates were 20 C/min. The bonding pressure was
impacted on the surface of the specimens from the
beginning of the experiment and kept constant.
The bonding pressures of 4 kPa were obtained by
putting a dead weight on the top surface of the
specimens, while 2 MPa was impacted by a hy-
draulic system of the hot press.

Two kinds of stacking sequence of the master
materials were involved. One was TiAl/TrCu/
Ti6242 and the other was TiAl/ Cu-Ti/ Ti6242 with
reference to the difference of the stacking sequence
of insert metals. The corresponding interfaces be-
tween TiAl and interlayer were denoted as TiAl/
TrCu and TiAl/ Cu-Ti.

Interface microstructures were investigated by
scanning electron microscopy( SEM). Composition
analyses were carried out using energy dispersion
X-ray spectrum( EDX) .

3 RESULTS

Fig. 1 shows only the morphologies of the in-
terfaces of TiAl/ T+ Cu interface because no bond-
ing defects are found at the interfaces between
Ti6242 and interlayer. There are a few bonding de-
fects(inclusions and voids) with relative large size
at the interface, shown in Fig. 1(a), while there
are only several small defects at the interface,
shown in Fig. 1(b). The interface shown in Figs. 1
(c¢) and (d) has no defects. Based on the experi-
mental results, conclusion can be drawn that the
number of defects decreases with increasing bonding
pressure, bonding temperature and holding time.

EDX analysis reveals that the inclusions in
Fig. 1(a) contain high oxygen content (5% ~ 24%,
mass fraction). Moreover the inclusions are isola
ted in the interlayer, so conclusion can be deduced

Fig. 1 Interface morphologies of TiAl/ TrCu
(a) —4 kPa, 1000 C, 10 min; (b) —2MPa, 1000 C, 10 min;
(¢) =2 MPa, 1050 C, 10 min; (d) —2 MPa, 1000 C, 60 min

that the wettability between inclusions and liquid
phase is poor.

4 DISCUSSION

4.1 Effect of TiAl surface

EDX analysis shows that there is an oxide lay-
er with thickness of approximately 1 Hm on the
surface of TiAl. As a result of the formation of the
oxide layer, many vacancies will be left behind in
TiAl beneath the surface. Certainly there are still a
few discontinuous areas in the oxide layer. Fig. 2
(a) schematically shows the initial surface state of
TiAl( the size of the void or vacancies have been
enlarged). Such discontinuity will afford primary
diffusion paths(shown in Fig. 2(¢) by dark arrows)
for Cu atoms from Tt Cu liquid phase into TiAl

Owing to the occurrence of oxide layer, the
interface was changed from TiAl/TrCu liquid
phase to oxide layer/ TrCu liquid phase. As con-
vinced by the experiments, the wettability between
Tt Cu liquid phase and the oxide layer is poor. So a
so-called ¢ bridge’ effect will appear evidently at
the discontinuous area, which is shown schemati
cally in Fig. 2(b).
tard the contact of the liquid phase to TiAl during

Such a ‘ bridge’ effect will re-

bonding and form voids after cooling.

The primary surface status of TiAl has great
effects on the diffusion process of Cu atom. There
are two diffusion paths in TiAl for Cu atoms. The
vacancies beneath the oxide layer will serve as
quick diffusion paths for Cu atoms during bonding.
So having diffused into TiAl at the discontinuous
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areas, Cu atoms will diffuse laterally with the aid
of the vacancies. The other diffusion path for Cu
atoms is to diffuse forward into the TiAl matrix.
Meanwhile, some vacancies or voids will coalesce
or aggregate to form visible voids. Such an inter-
face structure is shown in Fig. 1(a), in which the
interlayer and TiAl are well bonded at the discon-
tinuous areas w here Cu atoms have longer diffusion
distance than that at the other areas and spread lat-
erally along the interface. Beneath the inclusions,
some voids are visible.

4.2 Effect of experimental parameters

Bearing in mind that the ¢ bridge’ effect and
the diffusion behavior of Cu atoms have great
effects on the interface evolution between T+ Cu in-
terlayer and TiAl. Any factor which abbreviates
the ¢ bridge’
process of Cu atoms will benefit the interface for-

effect or improves the diffusion

mation.

As mentioned above, the ‘ bridge’ effect is
mainly caused by the poor wettability between the
oxide layer and T rCu liquid phase. In order to im-
prove the interface wettability, some measures

should be taken. As a given temperature, the most

practical and convenient approach is to apply a
pressure on the liquid phase to force TrCu liquid
phase contact with TiAl in the discontinuous are-
as. The effect of bonding pressure on the interface

The ¢ bridge’ effect

can be abbreviated by impacting a pressure on the

status is shown in Fig. 2(c).

liquid phase. When the pressure is high enough,
the ‘ bridge’ effect will be vanished and good inter
face bonding can be obtained. Such an interface
structure is shown in Fig. 1(b).

Another measure method is to increase the
bonding temperature. With increasing bonding
temperature, the contact angle 6 will decrease.
Fig. 3 schematically shows the effect of tempera-
ture on the ‘ bridge’ behavior. If the interface is
not wettable( see Fig. 3(b)), the liquid phase will
have a tendency to contract along the interface
(shown by the arrows V in Fig. 3) and strengthen
the © bridge’ effect. If the interface is wettable( see
Fig.3(c)), the liquid phase will obtain a tendency
to spread on the surface, which helps make inti
mate contact between Tt Cu liquid phase and TiAl
at discontinuous areas and benefits to get sound
bond between TiAl and interlayer. Such an inter
face structure is shown in Fig. 1(c).

4.3 Formation of bonding defects
When Cu atoms diffuse laterally in TiAl with
the aid of vacancies, the thermal expansion coeffr

cient of the matrix will be changed, which leads to
Discontinuous area
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Fig. 3 Effect of temperature on
‘bridge’ behavior in discontinuous areas
(a) —Initial surface state of TiAl;

(b) —Umrwettable interface; (¢) —Wettable interface
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strong inner stress at the interface and makes the
oxide layer detach from the matrix. The detached
oxide layer will decompose during bonding and dis-
solve gradually into TrCu liquid phase. So it be-
comes smaller and smaller in size with prolongation
of holding time. When this process cannot fully
complete, the oxide layer will be entrapped in the
interlayer as inclusions which is shown typically in
Figs. 1(a) and (b). With the progress of diffusion
process or the increase of the holding time, the
voids will disappear and inclusions will dissolve in-
to TrCu liquid phase completely(see Fig. 1(d)).

4.4 Effect of stacking sequence

When Cu foil is adjacent to TiAl, a liquid
phase with high Cu-content will be formed at inter-
face TiAl/ interlayer before the whole foils turn in-
to liquid state. This means that the inclusions at
the interface have longer time to decompose or dis-
solve into T Cu liquid phase in the joint of TiAl/
CuTi/Ti6242 than that in TiAl/ Tt Cu/ Ti6242.
Fig. 4 shows the morphology of TiAl/ Cu-Ti inter-
face produced at the same experimental conditions
as that of Fig. 1(b). No inclusions and voids can be
observed at this interface.

Fig. 4 Morphology of TiAl/ Cu-Ti interface
(2MPa, 1000 C, 10 min)

S CONCLUSIONS

1) Defects locate at interface TiAl /interlayer
when the bonding parameters are not optimized.

2) The surface status of TiAl has great effect
on the interface evolution between TiAl and inter-
layer. A ‘bridge’ effect will be formed because of
the oxide layer on the surface of TiAl. The diffu-
sion behavior of Cu atoms in TiAl is strongly con-
trolled by the vacancies beneath the surface of
TiAL

3) Bonding pressure is necessary because of
the poor wettability between the oxide layer on
TiAl and TrCu liquid phase. Increasing bonding
pressure or temperature or extending holding time
helps get defect-free joint.

4) The interface structure is different if the
joint is fabricated under the same conditions except
for the stacking sequence of the insert metals.
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