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Abstract: Thermal spray assisted transient liquid phase (TLP) bonding of Ti—6Al-4V to Al2024 alloys was
investigated, where the interlayer was 80 um Babbitt thermal spray coat on Al substrate. Thermal spray creates a rough
and clean surface which leads to establishing a joint with higher strength. The optimized parameters were bonding
temperature of 580 °C and bonding time of 30 and 60 min. Microstructural observation together with XRD patterns
confirmed the existence of Al,Cu, Al,CuMg, Cu;Ti, TiAl;, TiAl and Mg,Sn intermetallic compounds formed in Al weld
side. On the other hand, Ti;Al, Sn;Tis and Ti;Sn intermetallic compounds formed in Ti side. With increasing bonding
time from 30 to 60 min, although the interlayer was not completely consumed, the thickness of remained Babbitt
interlayer decreased to approximately 15 pm. The study showed that shear strength of the joint reaches the high value of

57 MPa obtained at larger bonding time of 60 min.
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1 Introduction

Ti—6Al-4V alloy is by far the most
investigated and tested titanium alloy that covers
over 50% of the titanium market due to its excellent
balance between high specific strength and
excellent corrosion resistance [1]. However, the
high cost of processing and fabrication of
Ti—6Al-4V alloy has been a major factor that has
limited its use. Therefore, the ability to join Al 2024
alloy to Ti—6A1—4V alloy can provide a product that
is less costly, but retains the high strength and light
weight properties which are necessary for the
aerospace industry [2]. Diffusion bonding is a
widely used technology for creating similar and
dissimilar joints from challenging materials [3].
However, uncontrollable formation of TiAl and
TiAl; intermetallics caused by direct contact of Al
and Ti in solid-state diffusion bonding is the main

problem [4]. On the other hand, PRESCOTT and
GRAHAM [5] showed that the existence of oxide
film on the aluminum surface impeded good metal
to metal contact. In order to overcome these
deficiencies arisen during the solid state diffusion
bonding process, liquid state transient liquid phase
(TLP) bonding was proponed [4,6]. The presence of
an interlayer between the base metals prevents from
direct contact of Al and Ti, thereupon the formation
of mentioned intermetallics can be controlled [7].
Furthermore, using eutectic forming interlayers at
the bond interface resulted in displacing surface
oxide films [6]. Another approach to solve the
problem of aluminum oxide on the surfaces is
coating the surfaces prior to the bonding process.
ALHAZAA and KHAN [1] studied the joining of
Al7075 alloy to Ti—6Al—4V alloy using Cu coatings
electrodeposited directly onto the bonding surfaces.
Their results indicated that Cu coatings were
successful in preventing the oxidation of surfaces

Corresponding author: M. A. MOFID; Tel/Fax: +98-2166400079; E-mail: moh.ammar_mofid@iauctb.ac.ir

DOI: 10.1016/51003-6326(20)65294-3



1268 H. NAEIMIAN, M. A. MOFID/Trans. Nonferrous Met. Soc. China 30(2020) 1267-1276

during the bonding process and furthermore
improved the wettability on both alloy surfaces. As
mentioned, when an interlayer is placed between
the two alloys, it would be claimed that the
formation of detrimental intermetallic compounds
becomes controllable. Interlayer composition and
thickness play an important role in the bonding
process. Previous research on solid and liquid state
diffusion bonding of Al/Ti has been reported [6—10].
Lead-free Sn-based alloys are widely used to join
dissimilar alloys [11]. Sn—3.6Ag—1Cu interlayer
was used by ALHAZAA et al [9] for TLP bonding
of A1 7075 to Ti—6Al—4V and gave the highest bond
strength of 42.3 MPa. KENEVISI et al [2,7] studied
Ti/Al bonding with a 50 pm-thick Sn-based
interlayer. Although their results showed that the
bonding process was performed successfully, the
shear strength of joint was lower than that by
ALHAZAA and KHAN [1]. SAMAVATIAN et al [4]
reached the maximum bond strength of 35 MPa in
TLP bonding of Al2024 to Ti—6Al-4V using
pure Sn foil with a thickness of 80 pum as
interlayer. Considering the works done by the
researchers [2,4,7,11], it can be concluded that Sn
is an appropriate interlayer to join Al alloy to Ti
alloy.

As mentioned, interlayer material has an
important role in the characteristics of the joint
region [12]. The alloy foils are expensive and they
have a complicated production process (rapid
solidification). Thermal spray is economical and
rapid coating process that creates a rough and clean
surface. It can be concluded that applying the
interlayer, as thermal spray coat, can be used for
several reasons including: (1) to avoid or reduce the
possibility of formation of brittle IMCs, (2) to
eliminate the harmful effects of Ti and Al oxide
films, (3) supplying appropriate surface roughness
at the two faying surfaces, and (4) the possibility of
applying interlayer to create different deposit
thicknesses. Research exploration shows that there
are no significant studies on the TLP process of
Ti—6Al-4V to Al 2024 alloys using thermally
sprayed interlayer.

The term ‘white metal’, or Babbitt, represents
a set of alloys, especially based on tin (Sn) or lead
(Pb), with addition of copper (Cu) and antimony
(Sb). The production of Babbitt coatings through
traditional techniques of thermal spray, as arc

spraying process (ASP) and flame spraying (FS),
requires no extensive preparation to improve the
mechanical anchoring, such as the machining and
preheating control as in the conventional and
centrifugal casting. Thermally sprayed processes
also enable high deposition rates and fabrication
from thin coatings until coatings with thickness of
26 mm [13].

In this study, TLP bonding of Al/Ti alloys with
Babbitt interlayer was investigated. Babbitt
interlayer was applied as a thermal spray coating on
aluminum substrate, between base metals. The main
objective of this study is to evaluate the
microstructural and mechanical properties of
diffusion-bonded Al-Ti joints using the Babbitt
thermal spray coat as interlayer.

2 Experimental

The base metals used in our diffusion-bonding
experiments were Al 2024 and Ti—6Al-4V alloys.
The accurate chemical composition of base metals
is listed in Table 1. Specimens with the dimensions
of 15 mm x 15 mm % 2 mm for metallography and
35 mm x 20 mm X 2 mm for shear strength test
were prepared by cutting (Fig. 1). Then, flame wire-
sprayed coat (Fig. 1) was applied to joining
Ti—6Al-4V and Al 2024 alloys. Before spraying,
aluminum substrate was prepared by blasting with
36 mesh alumina abrasive blasting grit. The Al
substrate was then sprayed with Babbitt wire to a
thickness of approximately 80 um (Fig. 1). The
metal alloy used in the form of solid wire was
Babbitt alloy, whose chemical composition was
evaluated by energy dispersive spectroscopy (EDS)
described in Table 2. The stand-off distance of
spraying was 150 mm. The image of Babbitt
thermal spray coating with 80 pm in thickness is
shown in Fig. 2. Table 3 shows the chemical
composition of deposited Babbitt coating on the
aluminum substrate. The Ti surfaces were prepared
by conventional grinding techniques with final
grinding on 1200" emery paper. The specimens
were ultrasonically cleaned in an acetone bath to
remove adhered contaminants and then dried in air.
The optimized parameters used in our TLP bonding
experiments were bonding temperature of 580 °C,
bonding time of 30 and 60 min, joining pressure
of 1 MPa, and heating rate of about 15 °C/min.
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Table 1 Chemical composition of base metals used in this study (wt.%)

Alloy \Y% Cu Mg Mn Fe Si Ti Al
Ti—6Al-4V 4.14 0.02 - <0.005 0.05 0.02 Bal. 5.8
Al12024 0.01 4.1 1.5 0.6 0.5 0.11 0.03 Bal.

Particles/substrate impact Workpiece

Wire feed motor

A

Wire cut

Furnace

Molten particles acceleration

ere melting / I»

v Acetylene-compressed air-oxygen
Wire feed control cable

Coating Babbitt thermal sprayed

coat on Al substrate

35 mm 15 mm

20 mm

Shear strength
test specimens

Metallography
specimens

Fig. 1 Dimensions of base metals, metallography and shear strength test specimens and experimental setup for diffusion

bonding with Babbitt thermal spray coat as interlayer

Table 2 Chemical composition of Babbitt solid wire with
diameter of 1.2 mm (wt.%)

Table 3 Chemical composition of deposited Babbitt
coating on aluminum substrate (wt.%)

Sn Cu Sb Pb

Sn Cu Sb o Pb

91.25 4.25 4.35 0.15

85.27 4.98 4.46 4.11 1.18

&l Substrate
(A12024 alloy)
Fig. 2 SEM image of thermally sprayed Babbitt with
80 um in thickness

The vacuum pressure was less than 6x10~° Pa. The
assemblies were cooled in the processing chamber
under vacuum. For metallurgical examination, the
bonded samples were cut transversely. The etchants
for A12024 and Ti—6Al-4V alloys were 10 mL
HNO;, 5 mL HF, and 85 mL distilled water with
etching time of 5 s. In order to characterize the
joints and identify intermetallic compounds,
scanning electron microscopy (SEM), electron
dispersive  spectroscopy (EDS) and X-ray
diffraction (XRD) were applied. The shear strength
of the specimen was measured according to the
ASTM standard D1002—99 [14] at a cross-head
speed of 1 mm/min. Finally, hardness measure-
ments were conducted by using micro-indenter with
aload of 50 g.
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3 Results and discussion

3.1 Microstructure and compositional changes

Figure 3 shows the low magnification SEM
images of samples bonded at a bonding temperature
of 580 °C, bonding time of 30 and 60 min, with
Babbitt thermal spray coat as interlayer. Bonding
time is one of the most important parameters in TLP
bonding process. Therefore, the microstructures of
the joints welded at different time were studied.
Figure 3 shows the dissolution and widening zone
in the TLP bonding for the bond made at different
bonding time. With the rise of bonding time from
30 min (Fig.3(a)) to 60 min (Fig.3(b)), the
thicknesses of dissolution zones increase
significantly from 200 to 570 um because atoms are
diffused evenly and fully in longer bonding time. It
is observed from Fig. 3 that the width of dissolution
zone is more than 200 pum, while that for Al/Ti
couple bond using pure Cu [1] and Sn—3.6Ag—1Cu
foils by ALHAZAA et al [9] is much lower. This
can be attributed to higher diffusion potential of Ti
and Al in thermally sprayed interlayer in
comparison with foil interlayer, leading to faster
homogenization process and wider joint region. In
general, it is obvious that the structure of the
thermally sprayed interlayer, which is used in this
study has higher residual stresses and defects in
comparison with the foil interlayer that was
employed by ALHAZAA et al [1,9]. This is because
of the nature of the manufacturing process. Grain
boundary diffusion is a dominant factor in TLP
process which occurs much faster than the bulk
diffusion. The higher percentage of the grain
boundary exhibits in the thermally sprayed
interlayer in comparison with the foil interlayer,
which increases diffusion of base metals in the
liquid phase. Furthermore, imperfections (i.e.
boundaries between splats, pores, voids and
boundaries of un-melted particles) in the thermally
sprayed interlayer (Fig. 2) act as diffusion channels.
Voids could act as free surfaces. Due to the very
high diffusion rate on the free surfaces (much more
than the grain boundary diffusion), they can
drastically increase the diffusion rate. This is
responsible for the increased width of dissolution
region in the case of using thermal spray coat as
interlayer.

In TLP bonding process, surface roughness is

(a) :
Al12024
b
: : vt Dissolution zone .+
; -k =200 pm
o b e n | ey i
\'Zf“‘;}% St TR i
Ti—6Al-4V

A12024

Dissolution zone £+
~570 um

Fig. 3 Low magnification SEM images of samples
bonded at bonding temperature of 580 °C, bonding time
of 30 min (a) and 60 min (b) using thermally sprayed
Babbitt coat as interlayer

one of the most important variables that play the
main role in the determination of bond strength. To
create a solid-state bonding, bonding surfaces must
be sufficiently close to each other to activate
interatomic short-range gravity forces [15]. Early
welding surfaces must be free of any surface
contamination. Primarily, surface oxides on
aluminum alloys are physically very sticky and are
chemically very stable and insoluble in aluminum,
even at high temperatures [16]. Therefore, it makes
problems for the full metal-to-metal joint in the
interface area. This leads to the necessity of coating
the surfaces prior to the bonding process. Thermal
spray is economical and rapid coating process that
creates a rough and clean surface. On the other
hand, the main way to overcome the problem of
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oxidative layers in diffusion welding is to apply
relatively rough surfaces, which leads to
establishing a joint with higher strength. Local
plastic deformation in the early stages of joint leads
to rupture of the oxide film. On uneven surfaces,
bumps are more likely to deform. So, more rupture
occurs in the oxide layer, and the metal-to-metal
joint is improved.

To investigate the microstructure more
precisely, the backscattered electron image (BSE)
of the interface, elemental distribution and
concentration profile of the major elements (Al, Ti
and Sn) across the bonding region, were taken and
are shown in Figs. 4(a, c). Figure 4(a) shows that at
bonding time of 30 min, different distinct reaction
layers are formed inside the joint region. Figure 4(b)
shows that the EDS maps correspond to Al, Ti and
Sn elements of the joint formed at the bonding time
of 30 min. The number of dots in each map
indicates the presence of a certain element that is

8

Fig. 4 BSE image of interface (a), EDS maps for

related to its concentration. It is apparent that
inter-diffusion potential of Al and Sn is higher than
that of Ti and Sn. The EDS map, corresponding to
Sn element shows that although the Sn interlayer
reacts with the base metals during joining, but it is
not diffused completely into the base metals. The
discontinuous remaining Sn layer (Fig. 4(b)) with
the thickness of approximately 30 pm shows that
the bonding time of 30 min was not sufficient to
consume the initial Babbitt interlayer (with the
thickness of approximately 80 pum). The EDS line
scan of elements perpendicular to the interface
(Fig. 4(d)) for this bond clearly shows the width of
the interface region and non-uniform distribution of
elements in this region. The inhomogeneity of the
compositions suggests that the interface region
contains  various intermetallic phases. The
distributions of Al and Ti gradually change, in
opposite directions, across the interface between
the Al base and Babbitt interlayer. Such gradual

~ 30 um

Cu

0 10 20 30 40 50
Distance/um

Al, Ti and Sn (b), higher magnification BSE image of interface (c) and

elemental distribution across interface (d), for joint made with Babbitt thermal spray coat, as interlayer with bonding

time of 30 min
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distributions indicate that Al and Ti diffuse fast into
the interlayer during 30 min of bonding time.
However, the steeper distribution curve of Ti at the
interface between the Babbitt interlayer and Ti base,
confirms that inter-diffusion of Sn and Ti is slower
at this bonding temperature. There are six phase
regions in 30 min bonded specimen. Region 1 is Al
base alloy material. Region 2 that is close to the Al
base, is identified as Sn-based interlayer, although
the diffusion of Sn, Cu and Al makes the interlayer
discontinuous. Region 3 is Al-based solid-solution.
The chemical composition obtained for region 3
suggests the formation of Al-based solid-solution
that contains few Sn due to solid-state diffusion
during the heating stage. Region 4 is the remaining

part of the interlayer and thus, mainly consists of tin.

There is a considerable amount of tin in the joint
region which could be due to the presence of the
remaining tin that did not diffuse away from the
joint center. In addition, diffusion of tin through
aluminum is clearly observed. Region 5 is rich in
aluminum, titanium and tin. The inhomogeneity of
the compositions suggests that the joint region
contains various intermetallic phases such as Al;Ti,
AITi and Sn;Tis intermetallics. Region 6 is Ti base
alloy material. Selected regions in a bond made for
30 min (see Fig. 4(c)) were analyzed using EDS at
regions marked as 1, 2, 3, 4, 5, and 6 and the
elemental compositions are shown in Table 4.
Region 1 mainly consists of 55.51 wt.% of
aluminum and 31.97 wt.% of tin and 5.17 wt.% of
magnesium. Region 2 is also rich in aluminum and
tin but the aluminum content is reduced to
4211 wt.% and tin content is increased to
47.46 wt.% and has 5.65 wt.% of magnesium and
2.17 wt.% of copper. Region 3 consists mainly of
tin and aluminum with some concentrations of
magnesium (7.04 wt.%) and titanium (4.59 wt.%).
The inhomogeneity of the compositions suggests
that the joint region contains various intermetallic
phases. Regions 4—6 (Fig. 4(c)) are located at the
Ti—6Al-4V interface and therefore, these regions
could be responsible for joint formation at the
titanium side. Region 4 is close to the Ti—6Al-4V
interface and consists mainly of titanium
(45.47 wt.%) and aluminum (38.71 wt.%) with tin
(5.6 wt.%) and copper (2.99 wt.%) which can be
TizSn or AITi. Region 5 consists mainly of tin
(46.83 wt.%), aluminum (33.14 wt.%) and titanium
(12.89 wt.%) with magnesium (3.53 wt.%) and

copper (1.53 wt.%). So, it is most likely Al;Ti
intermetallic. Region 6 consists mainly of
aluminum (32.64 wt.%), tin (28.71 wt.%) and
titanium (25.85 wt.%) with magnesium (5.25 wt.%)
and copper (3.21 wt.%). The inhomogeneity of the
compositions suggests that the joint region contains
various intermetallic phases such as Al;Ti or Ti;Sn.

Table 4 EDS analysis of selected regions for bond made
with bonding time of 30 min shown in Fig. 4(c) (wt.%)

No. Al Ti Sn Sb Cu Mg V Mn

1 5551 220 3197 1.16 1.87 5.17 1.19 0.93
2 4211 091 4746 0.13 2.17 5.65 0.74 0.82
3 38.65 459 4534 1.12 1.87 7.04 0.68 0.71
4 38.71 4547 5.60 1.38 1.90 2.99 3.37 0.58
5 33.14 12.89 46.83 1.00 1.53 3.53 1.07 0.72
6 32.64 25.85 2871 198 3.21 525 1.21 1.14

Figure 5 shows the microstructure and
elemental distributions of the joint formed at
580 °C for 60 min. The number of dots in each map
indicates the presence of a certain element that is
related to its concentration. The EDS maps for Ti
and V (Figs.5(b,c)) show that there is a
considerable amount of titanium and vanadium in
far distance from the interface. When the bonding
time is increased from 30 to 60 min, migration of
alloying elements between both alloys is more due
to the higher diffusivity at longer time. More
uniform and complete inter-diffusion of Al and Ti
into each other is apparent in comparison with that
of the bond made at the bonding time of 30 min.
The EDS map, correspond to Sn element (Fig. 5(d))
shows that with increasing bonding time to 60 min,
although the interlayer is not completely consumed,
but the thickness of remained Babbitt interlayer
decreases to approximately 15 um. The EDS
analysis in Fig. 5(a) is
represented in Table 5. As marked in Fig. 5(a),
Region 1 consists mainly of titanium (83.53 wt.%),
aluminum (6.08 wt.%) and vanadium (3.66 wt.%).
This indicates that the molten tin could diffuse
along the grain boundaries of Al alloy. The trace of
Ti indicates that with increasing bonding time, the
diffusion of Ti toward the interface occurred. The
substantial presence of tin in Region 2 (88.38 wt.%)
indicates that the low amount of interlayer is
likewise remained at the interface after 60 min of

of selected regions
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Fig. 5 Microstructure of joint formed at 580 °C for 60 min (a) and elemental distribution of Ti (b), V (c) and Sn (d)

Table 5 EDS analysis of selected regions for bond made
for bonding time of 60 min shown in Fig. 5 (wt.%)

No. Al Ti Sn Sb Cu Mg V Mn
1 6.08 83.53 230 1.03 1.16 1.70 3.66 0.54
2 621 154 8838 1.25 1.37 0.23 0.50 0.83

bonding time. During bonding process, mating
surfaces are deformed plastically which caused
waviness at the interface (Fig. 5(a)). The mating
interface consists of a thin and less waviness at
lower bonding temperature (Fig. 4(a)).

3.2 Identification of intermetallic compounds

The EDS results showed that the Al, Ti, Sn, Cu,
V and Mg are present in the joint region of the
bonds, indicating the probable formation of
different intermetallics. In order to prove the
formation of various intermetallic compounds in the
joint region, XRD analysis was employed. Fracture
surfaces of a bond made at 580 °C for 30 and

60 min bonding time were analyzed by XRD and
the results are shown in Fig. 6. Microstructure
observation together with XRD patterns confirms
the existence of Al,Cu, Al,CuMg, Cu;Ti, TiAl;,
TiAl and Mg,Sn intermetallic compounds formed in
Al weld side. On the other hand, the peak intensities
are weak for Al-containing phases (namely Al,Cu,
AlLCuMg and TiAl;) at the Ti side because
concentration of Al is more in Al 2024 weld side
than Ti—6Al-4V side. But TizAl, Sn;Tis and Ti;Sn
intermetallic compounds only formed in Ti side.

3.3 Mechanical characterization of joints
Microhardness profiles of the bonds made for
30 and 60 min are illustrated in Fig. 7. The
differences between the hardness values across the
joint region for the bonds made at different bonding
time can be attributed to the gradual
homogenization of the joint region with increasing
bonding time. Figure 7 shows that the hardness of
the joint at the distance of 100 um from the center
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Fig. 6 XRD patterns of fracture surfaces of Al/Babbitt/Ti bonded at bonding temperature of 580 °C for bonding time of

30 min (a, b) and 60 min (c, d)
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Fig. 7 Microhardness profiles across joint region for

bonds made at bonding time of 30 and 60 min

for a bond made for 30 min is HV 124 while it is
HYV 141 for bond made for 60 min. As bonding time
increases, the hardness value of the joint interface
increases too. This can be an explanation to the
formation of intermetallic compounds at the joint
center. The low hardness (HV 49.6) for bond made
for 30 min is due to the presence of tin in the joint
center.

Shear strength of the TLP bonds
determined by the single lap shear test. Illustration

was

of the joint geometry prepared for performing the
shear strength tests is shown in Fig. 1. The room
temperature shear strength of the TLP bonded joints
with the change in bonding time is shown in Fig. 8.
In both samples, failure occurred across the bonded
interface. Nevertheless, the maximum shear
strength of 57 MPa is obtained at 60 min. The shear
strength increases with increasing bonding time.
The increase in the bond strength was caused by the
intermetallic formation at the Ti side of the joint
interface. XRD patterns confirm the formation of
intermetallic compounds like TiAl, Ti;Al, TiCus,
Sn;Tis and Ti;Sn during the bonding process in the
joint made for bonding time of 60 min (Fig. 6(d)).
On the other hand, there are weak peak intensities
of TiAl, Ti;Al, TiCusz, Sn;Tis and Ti;Sn for the joint
made for bonding time of 30 min (Fig. 6(b)) due to
lower diffusion time of Ti and Al in the joint region.
The maximum shear strength value recorded in this
work is higher than the works that have used
Sn—3.6Ag—1Cu, Sn—Ag—Bi, Cu and Sn—Zn—Bi foil
interlayers to join Al alloy to Ti alloy [1,2,9].

The fracture surface for Al2024 and
Ti—6Al-4V sides for the bond made for the bonding
time of 60 min is illustrated in Fig. 9. Figure 9(a)



H. NAEIMIAN, M. A. MOFID/Trans. Nonferrous Met. Soc. China 30(2020) 1267—1276 1275

70

60

sol — 50.3 MPa

40t

Shear strength/MPa

30k

201

Ti-6Al-4V

10 -

30

80+ ‘ - Fracture across
] . bonded interface

57.0 MP2 g

Ti-6Al-4V

60

Bonding time/min

Fig. 8 Results of shear strength as function of bonding time

Fig. 9 SEM images of Al 2024 alloy surface (a) and Ti—6Al—4V alloy surface (b) of 60 min bonded-specimen

shows that brittle faceted features indicate brittle
fracture mode on the Al 2024 surface. Also, the
formation of the voids and the crack propagation
occurred along the intermetallic phases which were
formed at the bond interface. In both cases, fracture
occurs in the diffusion area (area of surface
transport), because this area includes brittle
intermetallic compounds. Figure 9(b) shows the
mixed failure showing brittle and ductile fracture
modes simultaneously at the SEM fractograph in Ti
side of 60 min-bonded specimen.

4 Conclusions
(1) TLP bonding of Al2024 alloy to

Ti—6Al-4V alloy using Babbitt thermal spray coat
as an interlayer was carried out successfully at

580 °C for bonding time of 30 and 60 min.

(2) Thermal spray, creates a rough and clean
surface which leads to establishing a joint with
higher strength. The maximum shear strength of
57 MPa is obtained at bonding time of 60 min.

(3) More uniform and complete inter-diffusion
of Al and Ti into each other took place for the bond
made for bonding time of 60 min in comparison
with that of the bond made for bonding time of
30 min.

(4) Microstructure observation together with
XRD patterns confirms the existence of Al,Cu,
ALCuMg, Cu;Ti, TiAl;, TiAl and Mg,Sn
intermetallic compounds formed in Al weld side.
On the other hand, Ti;Al, Sn;Tis and TizSn
intermetallic compounds formed in Ti alloy weld
side.
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#OE: AR BB A (TLP) Y BUER: Ti-6A1-4V Al A12024 &4, 7EFBZEAA FHBT4 80 um EHIE
REGEATRE. AR EHREENERE, SRR TE . RANKKSEDy: &R 580 °C,
FRIURIE] 30 A1 60 min. EAHLIMELF XRD ATHHEIEALE Al JR4E40IE % AL,Cu.  AL,CuMg. Cu;Ti. TiAls.
TiAl #1 Mg,Sn )@ &, 5 —J7iH, & Ti &4 MR ThAL SnyTis 1 TisSn & J@RMLEY) . W& R
[ A\ 30 min ¥4 1F] 60 min, & LG4 (8] 2 IRA B 56 2 THAR, (HR HRIR B N ESIRY 15 pm. HFFRH,
E 60 min BAERERT ] T, HSk 8 D)3 L F) 57 MPa [# = 1E .
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