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ABSTRACT

In this research, microstructure and mechanical properties of laser welded joints between 2304 duplex stainless steel
and Inconel 718 nickel-based super alloy were investigated. Microstructural evolution in the various areas of welded
joints and also the effect of welding parameters on the mechanical properties of dissimilar joints were studied. Response
surface methodology based on the central composite design was used in order to find the optimum welding parameters.
Effective parameters of the welding process including laser power, travel speed and defocusing distance were set in the
range of 1000 to 1900 W, 1 to 5 mm/s and -1 to 1 mm, respectively. Uniaxial tensile test was used to evaluate the
fracture force of weld joints. The microstructural observations and phase evolutions were studied using optical
microscope. It was found that the fracture force of the weld joints firstly increased by travel speed and defocusing
distance and then decreased by further increase. The maximum fracture force was obtained when laser power, travel
speed and defocusing distance were 1900 W, 3 mm/s and 0 mm, respectively. The center line of weld metal was mainly
consisted of equiaxed grains where, columnar grains were formed in the fusion line. The obtained results from the
hardness measurement showed that the hardness of Inconel 718 was decreased due to dissolution of TiC and NbC
particles.

Keywords: Duplex stainless steel; Nickel based super alloy; Optimization; Laser welding.

1. INTRUDUCTION

Inconel 718 is a Ni-based superalloy with
precipitation hardening. It is widely used in various
industries such as petrochemical factories and
nuclear power plants because of its desired

showing the advantages of welding of dissimilar
joints employed in many industrial applications.
Laser beam welding offers a faster welding speed,
low heat input, and faster cooling rates resulting
in a narrow weld line with the least distortion and

mechanical properties at high temperatures. Some of
major problems such as  Boron/Niobium
segregation, lave phase formation and solidification
cracking could occur in heat affected zone (HAZ) of
Inconel 718 welds [1]. On the other hand, duplex
stainless steels contain equal amounts of austenite
and ferrite phases in their microstructure. Preserving
the equal proportion of phases, as well as prevention
of precipitation of secondary phases such as sigma,
chi, carbide, and nitride are the most challenging
points of welding in duplex stainless steels [2].
Reduction of manufacturing costs and improvement
in design flexibility are only some examples

*: h-mostaan@araku.ac.ir

a fusion zone free of segregation [3]. Recently,
some researchers have been attempted to evaluate
the welding of these alloys. Zhang and et al.
evaluated the dissimilar joint between martensitic
and austenitic steels [4]. It was shown that a rapid
cooling can avoids the cracks occurrence at the
heat-affected zone of austenitic stainless steel and
enhance fracture force of weld joint.

In the present study, duplex stainless steel and
Ni-based superalloy is joined by laser beam. This
study is aimed to investigate microstructure,
mechanical properties, and hardness distribution
of duplex stainless steel to Ni-based superalloy
dissimilar joints.
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Table 1. The chemical composition of the applied base materials

Element (wt. %) C Cr Mn Ni N Si S P Fe
2304 0.03 22.5 1.85 4.3 0.12 1.1 0.013 0.032 Bal.
Inconel 718 0.05 18 0.35 52 - 0.30 0.002 - 19

2. MATERIALS AND METHODS

The butt joints were made of duplex 2304 type
stainless steel and Inconel 718 superalloy. In this
study, two base materials with a size of 50x100x1
mm?® were used. The chemical composition of the
as-received stainless steel pieces is listed in Table
1 Tensile strength test was performed according to
the ASTM E8M standard to evaluate the
mechanical properties of the base materials and
the welded samples.

Three tensile specimens with the axis oriented
perpendicular to the rolling direction were
prepared from each welded sample. The
microstructure of the welded area was analyzed
using an OLYMPUS GX50 optical microscope.
Also, the parent materials were surface-cleaned
with sandpaper and acetone to remove any surface
contaminations such as oxides, oil, and grease
before welding. The laser welding process was
performed using a 280 W automatic welding
machine with a disk laser of Nd: YAG. No filler
was applied during laser welding. A flow rate of
about 10 Lit/min of pure argon gas was used to
avoid any undesired reaction between the weld
pool and the environment.

3. RESULTS AND DISCUSSION

The microstructure of base metals and weld metal
are shown in Figures. 1 and 2. As it can be seen,
the micrograph consists of bright vy-islands
embedded in the darker a-ferrite matrix or in the
boundaries of ferrite. Also, no secondary
precipitate can be seen in the microstructure. The
microstructure of Inconel 718 base-metal consists

Figure. 1. Microstructure of the base

of equiaxed grains of austenite and some annealed
twins. Carbide precipitates including MC particles
(Nb rich carbides) are observed in the structure
which can encourage grain growth.

As shown in Figure. 2, the grains in the heat
affected zone of 2304 duplex stainless steel has
been recrystallized due to the heating cycle. It still
consists of ferrite and austenite, though. Rapid
solidification during laser welding results in
formation of a higher volume fraction of ferrite.

Also, austenite phase with Widmanstatten
morphology has been formed in the weld metal. It is
worthy to note that un-mixed zone is formed at the
interface between heat affected zone and weld metal.
This area is more susceptible to pitting corrosion.
The microstructure of heat affected zone/weld metal

is shown in Figure. 2 (b). No micro-fissure can
be observed in this area because of high
temperature gradient.

In many experimental conditions, it is possible

to represent the independent factor in quantitative
form as given in Eq. (1). So, these factors can be
thought to have a functional relationship or
response as follows:
Y =f(X;+X5 +...+ Xy ) +e (1)
Between the response Y, and Xi, Xa, ... Xk, of k
quantitative factors, the function f is called
response surface or response function. The
residual € measures the experimental errors.
Considering the fracture force of the welded
samples, the response is a function of lamping
current, pulse duration, travel speed, and focused
position as expressed by:

F gw =f(P,SF) (2)
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Figure. 2. The microstructure of (a) HAZ of 2304, (b) HAZ of Inconel 718 and (c) of weld-metal

Thus, the second order polynomial (regression)
equation used to represent the response surface
“FLBW” iS:

k k
2
FLBW =bo + ZbiXi + Zbiixi +

i=1 i=l

k
ZZbinin + & (3)

i<jj=2
Where b, is the response of the central point, the
coefficient b; is linear terms, the coefficient by;

is the quadratic terms and the coefficient by

refers to the interaction terms.

According to the ANOVA outcomes, after
determination of the significant coefficients,
mathematical model was developed using these
coefficients only after the elimination of the
insignificant coefficients. The mathematical
model in terms of coded factors is shown as
below:

Figw =7317.8+1567.9P +201.5S +

445.5F +1020.8P% —1900.18% —1317.1F2

—247.5PxF+360.2SxF C))

It can be concluded that laser power and
defocusing distance have the highest and the
lowest impact on the fracture force, respectively.

4. CONCLUSION

The Nd:YAG laser welding between 2304 duplex
stainless steel and Inconel 718 superalloy was
experimentally studied and statistically analyzed.
The following conclusions can be drawn from this
study:

e Laser power and defocusing distance have the
highest and the lowest impact on the fracture
force, respectively.

e The maximum fracture force was obtained
when laser power, travel speed and defocusing
distance were set at 1900 W, 3 mm/s and 0 mm,
respectively.

e The welding process can be performed
successfully using the proper values of parameters
and no micro-fissure can be observed at the
interface of HAZ/weld metal because of high
temperature gradient.
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