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Effect of intermetallic compounds on heat resistance of
hot roll bonded titanium alloy—stainless steel transition joint
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Abstract: The effect of intermetallic compounds on the heat resistance of transition joint was investigated. The experiment of
post-weld heat treatment for the hot roll bonded titanium alloy—stainless steel joint using nickels interlayer was carried out, and the
interface microstructure evolution due to heat treatment was presented. There was not found significant interdiffusion at stainless
steel/nickel interface, when the specimens were heat treated in the temperature range of 600—800 °C for 10 and 30 min, while
micro-cracks occurred at the stainless steel/nickel interface heat treated at 700 °C for 30 min. The thickness of intermetallic layers at
nickel/titanium alloy interface increased at 600 °C, and micro-cracks occurred at 700 and 800 °C. The micro-cracks occurred
between intermetallic layers or between intermetallic layer and nickel interlayer as well. The tensile strength of the transition joint

decreased with the increase of heat treatment temperature or holding time.
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1 Introduction

Nuclear, aerospace, and chemical industries
strongly demand the joints of titanium/titanium alloy to
stainless steel for different applications. It is difficult to
obtain complete welding joint between titanium alloy
and stainless steel by fusion welding such as arc welding
[1,2]. The reason is the difference of the physical
property, especially the coefficient of thermal expansion,
which can lead to high welding stress, and a large
number of intermetallic compounds formed in the fusion
welding [3—5]. Making of titanium alloy/stainless steel
transition joint by solid-phase bonding method can solve
above problems, then arc welding is used to connect
titanium/titanium side of transition joint and stainless
steel/stainless steel side of transition joint. Thus, the
welding of dissimilar materials can be converted to the
welding of same materials. Transition joint of titanium
alloy and stainless steel has wide applications in
reprocessing units of nuclear industries and as
accessories in oil rig of refineries [6—8].

The transition joint will be welded with titanium

alloy and stainless steel, respectively. There is a
requirement of heat resistance for the transition joint, but
currently such researches are very little. The post-weld
heat treatment experiment of explosively welded
titanium—stainless steel composite shows that the
post-weld heat treatment can lead to the formation of the
intermetallics at the joint interface [9,10]. The thickness
of the intermetallic layers increases with the increase of
heat treatment temperature, even micro-cracks forms at
the interface. The heat resistance of the transition joint is
the main factor of selecting of welding method and
process parameters to connect transition joint and base
materials. So it is necessary to study the effect of
post-weld heat treatment on the microstructure and
properties of titanium/stainless steel transition joint.

Joining of titanium and stainless steel has to face the
problem of intermetallic compounds [11—13], and the
research on the post-weld heat treatment of the transition
joint can observe the effect of intermetallic compounds
on the heat resistance of the joint.

The hot roll bonding is performed in vacuum
condition, and the bonding time is very short [14].
The volume fraction of intermetallics will be controlled

Foundation item: Project (AWPT-MO7) supported by the State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology
Corresponding author: Jiu-chun YAN; Tel: +86-451-86418695; E-mail: jcyan@hit.edu.cn

DOI: 10.1016/S1003-6326(13)62684-9



Dong-sheng ZHAO, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1966—1970 1967

effectively, because there is no enough time for
interdiffusion of the elements. Using nickel as an
interlayer, the generation of Fe—Ti and Fe—Cr—Ti
intrmetallics can be avoided [15], and the maximum
tensile strength of 440.1 MPa was obtained at the
bonding temperature of 760 °C, the reduction of 20%
and the rolling speed of 38 mm/s.

In the present work, the effect of heat treatment on
the interface microstructure evolutions of the hot roll
bonded titanium/stainless steel joint is investigated, and
the effect of intermetallic compounds on the heat
resistance of the transition joint is examined.

2 Experimental

The specimens used in the experiment were cut
from the hot roll bonded titanium alloy—stainless steel
bimetal plate, and the cutting location is shown in Fig. 1.
The cross-section dimension of the specimen was 10
mmx3 mm, and the length was about 30 mm which was
the same as the thickness of the hot roll bonded bimetal
plate. The initial dimensions of Ti—6Al-4V alloy and
OCr18Nil0Ti stainless steel were 100 mmx70 mmx19
mm and 120 mmx70 mmx19 mm, respectively, and the
initial dimension of the pure nickel foil was 110 mmx
80 mmx0.4 mm. The hot roll processing parameters were
as follows: bonding temperature of 760 °C, reduction of
20%, and rolling speed of 38 mm/s. The details are
shown in Ref. [15].

Fig. 1 Image of cutting location on hot roll bonded bimetal
plate

After hot roll bonding, the joint was cut into several
specimens which were heated treated in the vacuum
furnace in the temperature range of 600—800 °C for 10
min and 30 min, respectively. Then the specimens were
furnace cooled to room temperature.

The tensile strength of the joints was measured
using electronic testing machine (Instron 5569). The
dimensions of sheet tensile specimens are 10 mmx3 mm
and length of 30 mm. The nickel interlayer was at the
centre of the gauge length. Tensile strength of the joints
was evaluated using a tensile testing machine with a
crosshead speed of 1 mm/min at room temperature.

Three samples were tested at each process parameter to
check the reproductivity of results.

The microstructure of interface was observed by
scanning electron microscope (SEM, HITACHIS-4700),
and the chemical composition of the intermetallic layers
at bonded interface was detected by energy dispersive
X-ray analysis (EDAX).

3 Results and discussion

Figure 2 shows the SEM electron back-scattered
diffraction (EBSD) image of the hot roll bonded stainless
steel/titanium alloy interface. There is no obvious
diffusion layer at the stainless steel/Ni interface, while
there are two intermetallic layers at the Ni/Ti alloy
interface with the possible phases TiNi;+Ni and
TiNis+TiNi [15].

Ti-6A1-4V

Fig. 2 SEM-EBSD images of stainless steel/Ni interface (a) and
Ni/Ti alloy interface (b)

There is no obvious diffusion layer formed at the
stainless steel/Ni interface after heat treatment at
600—800 °C. When the specimens are heat treated at 600
°C for 10 and 30 min, there is a good connection
interface with a small amount of micro-voids. Figure 3
shows SEM-EBSD image of the stainless steel/Ni
interface heat treated at 700 °C for 30 min, and
micro-cracks form at the stainless steel/Ni interface. Due
to the difference of the coefficient of thermal expansion
between stainless steel and Ni, thermal stress is
generated during the post-weld heat treatment. And the
thermal stress increases with the heat treatment
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temperature increasing. So micro-cracks form on the
location where micro-voids or weak bonding exist at the
stainless steel/Ni interface.

Stainless steel N Jrs s B

Fig. 3 SEM-EBSD image of stainless steel/Ni interface after
heat treatment at 700 °C for 30 min

Figure 4 shows the SEM-EBSD image and element
distribution profile of the Ni/Ti—6Al—4V interface heat
treated at 600 °C for 30 min. It indicates that
interdiffusion occurs at the interface and the total
thickness of intermetallic layers increases after the heat
treatment. The thickness increases from 0.9—1.2 pum to
0.8-1.8 pum (holding time of 10 min) and 1.1-2.1 um
(holding time of 30 min), respectively. Some locations at
the interface do not have significant diffusion, which can

be explained by the existence of micro-voids before heat
treatment.
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Fig. 4 SEM-EBSD image (a) and element distribution profile
(b) of Ni/titanium alloy interface heat treated at 600 °C for
30 min
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Figures 5 and 6 show SEM-EBSD images of the
Ni/Ti—6Al-4V interface heat treated at temperature of
700 °C and 800 °C, respectively. They show that, when
the heat treatment temperature is up to 700 and 800 °C,
cracks appear at the Ni/Ti—6Al—-4V interface.

(a)

(b)

Ti-6Al-4V

heat treatment at 700 °C: (a) Holding for 10 min; (b) Holding
for 30 min

(a)

o [i-0Al-4V

Fig. 6 SEM-EBSD images of Ni/Ti—6Al-4V interface after
heat treatment at 800 °C: (a) Holding for 10 min; (b) Holding
for 30 min
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The cracks mainly occur between intermetallic
layers when the specimen is heat treated at 700 °C for 10
min, but the cracks occur between nickel interlayer and
intermetallic layer when the holding time is up to 30 min.
When the specimen is heat treated at 800 °C for 10 min,
the cracks occur between intermetallic layers and
between intermetallic layer and nickel layer. Through the
observation of the thickness of intermetallic layers after
heat treatment, it shows that the diffusion distance of Ni
in the titanium alloy is farther than that of Ti in the Ni
interlayer. According to the location of the cracks after
heat treatment, it’s concluded that the existence of
intermetallic compounds is the main reason for cracking.
This possible reason can be that the intermetallic
compounds are hard and brittle. Because of the
difference of the coefficient of thermal expansion, high
stress is generated at the interface when bonded joint is
heated, which leads to stress concentration and cracking
in the locations between intermetallic layers and the
locations between intermetallic layers and Ni interlayer.
By comparing the following figures (Fig. 2(b), Fig. 5,
and Fig. 6), it is found that the thickness of the
intermetallic layers increases after heat treatment. This
shows that the cracking do not occur in the beginning
stages of heat treatment process. In the heat treatment
process, elements interdiffusion occur so the thickness of
intermetallic layers increases, and the composition and
phases of intermetallic layers change accordingly.

The chemical composition and possible phase for
the cracking locations are shown in Table 1, determined
by EDAX and Ni—Ti binary phase diagram.

Figure 7 shows the room-temperature tensile
strengths of the transition joint before and after heat
treatment. The tensile specimens of transition joints
fracture at the interface between Ni and Ti alloy, when

1969

they are heated at the temperature of 600—800 °C for 10
min and 30 min. When the specimen is heat treated at
temperature is 600 °C for 10 min, the tensile strength of
transition joint achieves about 467.45 MPa, which has an
increase of 27.35 MPa compared to that before heat
treatment. It can be explained by the element
interdiffusion during the heat treatment process which
removes some micro-void at the interface. When the
holding time is 30 min, the tensile strength reduces as a
result of the volume fraction of intermetallic compounds
increasing. In the case of heat treatment at temperature of
700 °C and 800 °C, the room-temperature tensile
strength after heat treatment reduces when the heat
treatment temperature or the holding time increases. This
is because of the increase of volume fraction of
intermetallic compounds after heat treatment, and even
thermal stress leads to cracking of some area of the
bonded interface. The lowest tensile strength 79.26 MPa
is obtained when the specimen is heat treated at 800 °C
for 30 min.
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Fig. 7 Room-temperature tensile strength of transition joint
before and after heat treatment

Table 1 Chemical composition and possible phase for cracking locations at interface of nickel and titanium alloy

Heat treatment Holding . Chemical composition (mass fraction)/% .
temperature/°C time/min Location Ni Ti Al Possible phase
I 62.61-69.3 22.5-26.09 6.13-8.22 Bal. TiNi;+TiNi
700 10 I 47.39-49.98 38.51-40.96 7.24-8.76 Bal. TiNi
111 16.62-23.94 57.27-64.69 12.37-15.6  Bal. Ti,Ni+Ti
700 30 I 70.87-79.54 12.59-24.52 3.45-7.27 Bal. Ni+TiNij
I 40.87-47.63 40.25-48.43 6.54-9.25 Bal. TiNi+Ti,Ni
I 40.3-47.13 37.76—49.55 7.24-8.95 Bal. TiNi+Ti,Ni
800 10 I 26.59-32.44 56.15-60.33 7.65-9.27 Bal. Ti,Ni
111 10.81-18.47 64.21-71.53 8.96-10.27  Bal. Ti,Ni+Ti
I 73.06-79.91 17.51-22.01 0.86-1.15 Bal. Ni+TiNis
II 68.96-71.91 24.42-26.65 1.29-1.96 Bal. TiNi;+TiNi
800 30 I 55.79-56.14 41.32-41.90 2.02-2.20 Bal. TiNi
v 24.18-36.68 59.54—-66.97 3.88—5.42 Bal. Ti,Ni+Ti
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4 Conclusions

1) When the specimens are heat treated in the
temperature range of 600—800 °C for 10 and 30 min, no
significant interdiffusion occurs at stainless steel/Ni
interface. Micro-cracks occur at the stainless steel/nickel
interface when the specimen is heat treated at
temperature is 700 °C for 30 min.

2) When the temperature is 600 °C, interdiffusion
occurs at the Ni/Ti—6Al-4V interface and the total
thickness of intermetallic layers increases slightly. The
thickness of intermetallic layers increases from 0.9—1.2
pm to 0.8—1.8 um (holding time of 10 min) and 1.1-2.1
pum (holding time of 30 min), respectively.

3) Cracks occur at Ni/Ti—6Al-4V interface when
the heat treatment temperature is 700 °C and 800 °C. The
cracks occur between intermetallic layers and between
intermetallic layer and nickel interlayer.
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