
Vol. 135 (2019) ACTA PHYSICA POLONICA A No. 5

Special Issue of the 8th International Advances in Applied Physics and Materials Science Congress (APMAS 2018)

The Effect of Brazing Temperature on Shear Strength
of Nickel Based Superalloy (Inconel 738LC) Joints

S. Khathema, M. Mohammeda,∗ and F. Hashimb

aUniversity of Technology, Department of Applied Sciences, Baghdad, Iraq
bUniversity of Technology, Department of Materials Engineering, Baghdad, Iraq

In this study, nickel based superalloy In738 LC was brazed by using (Ni–Ti) and (Ni–Ti–Al) alloys which are an
active filler alloys under protective atmosphere (using a high purity 99.999 Argon gas). Five brazing temperatures
(1135, 1025, 985, 825, 725 ◦C) were chosen based on the solidus temperature of (Ni–Ti) and (Ni–Al) filler alloys in
order to investigate the effects of these temperatures on the performance of the brazed joints. Brazing processes
were carried out over 15 min period of time to ensure that the filler alloys were melted completely. The performance
of brazing process was evaluated in terms of bonding strength by shear test. The results revealed that a maximum
value of shear strength (29 MPa) as compared with other temperatures was obtained at brazing temperature 985 ◦C.
It was observed that the highest shear strength was influenced by the formation of Ni3Ti phase.
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1. Introduction

The brazing process is applied to join two materials
(similar or dissimilar) using heat and filler metals which
have a melting temperature of above (450 ◦C) [1]. The
joining of two materials made by heating up them to
melting point of the filler metal order to ensure that
molten filler flows between the two mating surface via
capillary action [2]. Nickel based superalloy are unusual
class of metallic material with exceptional combination of
high temperature strength, toughness, and resistance to
degradation in corrosive or oxidizing environments [3, 4].
These materials are widely used in aircraft and power
generation turbines, rocket engines, and other power and
chemical processing plant [4]. The research focused on
joining of similar material (nickel based superalloy) by us-
ing (Ni–Ti) and (Ni–Ti–Al) active filler metal alloy with
different concentration and different temperature at con-
stant time, and studying the effect of temperatures on
the shear strength of the joints.

2. Experimental procedure

The samples extracted from first stage gas turbine
blade, made of nickel based superalloy, were prepared
by cut at the root of the blade by wire saw to cubic di-
mension of (10 × 10 × 10) mm3. The brazing process
were carried out in an electrical furnace under protective
atmosphere (high purity argon gas (99.999%) to ensure
that the brazed samples are free from undesirable con-
taminants between the mating materials. The paste filler
metals were prepared by weighting a suitable amount of
metal powder alloy and mixed with drops of glycerin to
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form a filler metal paste which in suitable for one joint.
Filler alloy type, composition and brazing temperature
are shown in Table I. Shear test were carried out in La-
ree Technology universal tensile test machine, with cross
head speed of 1 mm/min to perform the single brazing
shear test at room temperature. Special fixture was pre-
pared and used to convert the applied tensile stress to
a pure shear stress in the bond line. The whole sample
surface were ground and the edges were chamfered before
test to avoid stress concentration.

TABLE IActive filler metals alloy specification.

Filler
type

Designation
Content [wt%] Brazing

temp. [ ◦C]Ni Ti Al
F1 65Ni35Ti 65 35 – 1135
F2 35Ni65Ti 35 65 – 1025
F3 28Ni72Ti 28 72 – 985
F4-a 5Ni5Ti90Al 5 5 90 825
F4-b 5Ni5Ti90Al 5 5 90 725

3. Results and discussion

The microstructure analysis was achieved in order to
investigate the phases which were formed during the
brazing process, in this study we used SEM to study
the microstructure of the joints. A typical brazing joint
consists of three zones: (I) substrate zone, (II) diffusion
zone, and (III) bonding zone: Athermally solidified zone
was formed due to residual liquid solidifies in the joint
during the cooling of the sample to the room tempera-
ture. The solidification of this zone seems to be like:

1. seam matrix, as in case of joint which bonded by
F3 as shown in Fig. 1c;
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Fig. 1. SEM image of microstructure for sample bonded by (a) F1 (241×), (b) F2 (1694×), (c) F3 (429×), (d) F4-a
(410×), and (e) F4-b (442×).

2. dark blocky shaped discontinuous morphology,
which is formed from supersaturated phases, as well
as gradually pushed to the center area of the brazed
joint to form phases rich with filler elements embed-
ded in the matrix. We can observed the variation
in the distribution of these blocky phases through
the microstructure as a random distribution across
the enter the microstructure of bond, as in case of
joints bonded by F1, F2, F4-a and F4-b as shown
in Fig. 1a, b, d and e;

3. for the samples bonded by F4, there are intermetal-
lic and centerline eutectic constituents in the center
of brazing seam.

The results of the shear was 9.3, 7.33, 29, 15, and 17,
for the samples bonded by F1, F2, F3, F4-a and F4-b,
respectively, as shown in Fig. 2. The best results was
achieved by the sample bonded by 28% Ni72Ti (F3), it
was about 29 MPa, as a results of strong bond between
the base metal and filler alloy, as compared with the other
joints. The reaction layers that crossed in the center
of the brazing area become globules and discontinuous
for sample bonded by F1 and F2. This suggests that
the continuous reaction layer played an important role
to increase the shear strength of the brazed joint as in
case of joint bonded by F3, it can be clearly observed that
the formation of the reaction layer occurred continuously

Fig. 2. Stress-Strain curves during shear test on tensile
machine.

in close proximity to the In 738 LC side zone compared
to the center zone of the brazing area. It well known
that the reaction layer (DAZ) influence the strength of
the brazed joint. The weakest area was located at the
center of the brazed zone during shearing which was Ti-
rich phases.

4. Conclusion

1. The highest shear strength of 29 MPa, as compared
with other samples, was obtained at a brazing tem-
perature 985 ◦C.
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2. Athermally solidified zone was formed due to resid-
ual liquid solidification in the joint during the cool-
ing of the sample to the room temperature. The
solidification of this zone seems to be like: a seam
matrix as in case of joint which bonded by F3 or
as a dark blocky shaped discontinuous morphology
which is formed from supersaturated phases, as well
as gradually pushed to the center area of the brazed
joint to form phases rich with filler elements embed-
ded in the matrix, as in case of joints bonded by
F1, F2 and F4.

3. For the samples bonded by F4-a, there were inter-
metallic and centerline eutectic constituents in the
center of brazing seam. That complex intermetal-
lic was formed due to lack of diffusion at brazing
temperature of 825 ◦C.

4. The formation of two reaction layers crossing the
center of the brazing area needs occurring the dif-
fusion between the base metal elements and the
molten filler metals as in the case of F3 brazed joint.
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