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ABSTRACT

Laser welding is a fusion welding process during which radiant energy is employed to
generate necessary thermal energy for achieving a strong weld. This study reports the effect of varied
laser focal positions on the weldability, microstructure and mechanical strength of super duplex
stainless steel (UNS S32750) by a 600 W pulsed Nd: YAG laser welding machine. Porosities were
observed on the weld zone, when the laser beam is positioned above the surface; whereas, a good
weld devoid of undercut and porosities emerge, when the laser beam is positioned either on or below
the surface. The micro-hardness and tensile strength of the joints is higher, when the laser beam is

positioned below the base alloy.
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1. Introduction

Super duplex stainless steels (SDSS) are
extensively used in oil platforms and off-shore
process equipments viz., pipes, pumps, pressure
vessels, separators and heat exchangers [1]. Welding
of SDSS is critical as the weld joints should exhibit
similar or better properties than the base alloy.
Though various methodologies are available for
welding SDSS, laser welding, a non-contact welding
technique shows high promise and suited for rapid
production with minimum weld distortion [1]. Laser
welding of metals is better than conventional thermal
joining processes due to viz., high scanning velocity,
narrow heat-affected zone (HAZ), low distortion,
excellent controllability and the ability to produce a
high-intensity heat source [2]. The quality of weld is
characterized by the judicial selection of process
parameters viz., laser power, welding speed,
defocusing distance, beam incidence angle and
shielding gas [3]. Although a wealth of publication
[2-7] exists on the influence of process parameters
on the nature and strength of the laser weld, studies
on the effect of varied focal position in laser welding
of SDSS UNS S32750 is limited and hence
attempted herein. Further, mechanical testing viz.,
micro-hardness and tensile tests across the butt weld
interface according to relevant standard are
conducted and the results are presented.
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2. Experimental procedure

Laser butt welding of super duplex
stainless steel sheets UNS S32750 (chemical
composition and microstructure shown in Table 1
and Fig.1 respectively) with dimensions 150 mm X
75 mm X 2 mm, using pulsed Nd: YAG laser with a
pulse energy 100 J, repetition rate 1000 Hz, average
power 600 W, peak power 10 kW and pulse duration
from 0.2 to 20 ms is attempted.
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Fig.1 Microstructure of UNS S32750
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Fig.2 Schematic representation of various beam positions (a) above (b) on (c) below

The following parameter settings: pulse and the average values are reported.

energy 29 J, average power 495 W, pulse width 7 ms
and pulse frequency 17 Hz were adopted in this

study. All the samples were polished by abrasive 3. Results and discussion

paper to have edges free from external impurities and
dirt, which influences the weld quality. Prior to the

welding, the samples were cleaned using acetone to
avoid any contamination. The schematic diagram of
the laser welding performed at various focal
positions (-1 to +1) is shown in Fig.2.To study the
influence of focal position, the other parameters viz.,
laser power (525 W), pulse frequency (15 Hz) and
welding speed (175 mm/min) are maintained

3.1 Macrostructure
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Laser welding is advantageous in achieving
a better weld, owing to the focused energy and
controlled heat input [8]. A typical macrograph of
the laser weld bead is illustrated in Fig.3.
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zone while the depth of weld is the distance between

top and bottom of the weld joints (Fig.3).

Post welding, the cross section of the weld joints

were prepared following standard metallographic 3.2 Microstructure

practice viz., grinding, polishing and electro etched The fusion line of UNS S32750 laser weld
in a solution containing 10 % oxalic acid and the for the attempted conditions (Fig. 4) is continuous,
results are reported. Micro-hardness tests were clear and distinct with elongated primary ferrite
performed as per ASTM-E 384 standard in a HMV- grains oriented towards the direction of heat flux.
2T Vickers hardness tester applying a load of 500 g. The temperature developed on the base alloy is lower
Three set of tensile samples for each experimental than the molten weld pool, and thereby, the weld
condition were prepared and tested in a servo zone begins to solidify with solid nuclei formation at
controlled universal testing machine (UNITEK- the unmelted surface of the base alloy-molten pool
94100), with a cross head speed of 0.5 mm/min interface. The nuclei continue to grow epitaxially

into the molten pool (Fig. 4.a) and in the direction
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parallel to direction of heat flow [5]. Concurrently,
the original grains in the base metal in contact with
the molten zone grow epitaxially into the pool
without nucleation [9]. Epitaxial growth is beneficial
to the laser welds because of grain continuity with
the base alloy.

When the laser beam is focused above the
surface, gases may be entrapped in the molten metal
during the weld pool solidification, resulting in
metallurgical porosity (Fig.4.b). The sources of gases
involved in pore formation are viz., rejection of
dissolved gases, chemical reactions, environment,
shielding gas and/or the properties of base alloy.
Researchers [5, 8-10] have opined that hydrogen
picked up from the environment during welding
supports the formation of metallurgical porosity. In
addition, bubbles nucleate from the growing solid
interface as the molten metal solidifies. The small
gas bubbles then proceed to coalesce into larger ones
as they rise in the molten metal. If the weld metal
completely solidifies before the bubbles escapes to
the top, they are entrapped as porosity. This porosity
causes cracks in metals/alloys that reduce the fatigue
resistance of the alloys [5, 11], and hence it is
beneficial to suppress the formation of pores.
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Fig. 4 Microstructure of the laser welded SDSS
(a) fusion line (b) porosity
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3.3 Micro-hardness

Laser welding favours solidification with a
fine microstructure and promotes better mechanical
properties in weld regions. The micro-hardness
profile (Fig. 5) across the weld zone, for varied focal
positions, reveals a harder weld zone than base alloy.
The higher micro-hardness is witnessed in the weld
zone, due to the formation of finer and uniform
grains, following higher cooling rate and the
presence of nickel as reported by Keskitalo et al [12].
The maximum micro-hardness is obtained in the
weld zone, when the laser beam is focussed below (-
1) the base alloy. On the contrary, hardness of the
weld zone reduces by 8 %, when the laser beam is
focussed above the surface (+1).

Fig.5 Micro-hardness variation across the
interface

3.4 Tensile strength

The measured tensile strength of laser
welded samples, with respect to the focal position,
for the attempted conditions is shown in Fig.6. The
tensile strength of the laser welded SDSS, with the
laser beam focussed below the base alloy is higher,
while minimum tensile strength is obtained when the
laser beam is focussed above the surface. The
variation in tensile strength is attributed by the
microstructure variation between the weld zone and
base alloy. The development of dentritic structure in
the weld zone (detailed in the previous section)
supports the tensile strength enhancement. Formation
of metallurgical porosity, for a focal position of +1,
marginally reduces the tensile strength of the welded
joint. The size of the grains influences the tensile
strength as well. However, the minimum tensile
strength of the weld is higher than the base alloy as
testing samples were broken in the base alloy. The
tensile fractograph (Fig.7) features elongated
dimples supporting the increase in tensile strength.
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Fig.6 Tensile strength of the weld joints

Fig.7 Tensile fractograph

4. Conclusion

Laser welding of SDSS at varied focal
positions was attempted in this study and the
prominent results are
1. Metallurgical porosities were formed when the

laser beam was focussed above the interface of the
base alloy.
2. Epitaxial grain growth across the weld zone and

base alloy was witnessed for all attempted
conditions, which supports better mechanical
strength.

3. Maximum hardness was obtained at the weld zone,
when the laser beam was focussed below the base
alloy.

4. When the beam is focussed above the base alloy,
tensile strength reduces owing to the metallurgical
porosity.
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