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Solidification behavior of austenitic stainless steel laser welds has
been investigated with a high-power laser system. The welds were made at
speeds ranging from 13 to 60 mm/s. The welds showed a wide variety of
microstructural features. The ferrite content in the 13-mm/s weld varied
from less than 1% at the root of the weld to about 10% at the crown. The
duplex structure at the crown of the weld was much finer than the one
observed in conventional weld metal. However, the welds made at 25 and
60 mm/s contained an austenitic structure with less than 1% ferrite
throughout the weld. Microstructural analysis of these welds used optical
microscopy, transmission electron microscopy, and analytical electron
microscopy. The austenitic stainless steel welds were free of any
cracking, and the results are explained in terms of the rapid solidifica-
tion conditions during laser welding.
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Introduction

Austenitic stainless steels form an important class of engineering
materials in several energy systems. A significant problem in the produc-
tion of fully austenitic stainless steel welds is their tendency for hot
cracking. To minimize this tendency, the compositions of welding
materials are generally modified to produce small amounts of 6-ferrite in
the as-welded microstructure. For example, in type 308 stainless steel
weld metal, ferrite contents of 5 to 107 are common. Although ferrite has
been found to effectively prevent hot cracking (1-3), it also leads to
corrosion susceptibility and embrittlement at elevated temperatures.
Hence, it would be highly desirable to produce fully austenitic stainless
steel welds without the tendency to hot crack.

Extremely high cooling rates have produced unusual microstructures in
austenitic stainless steels containing duplex structures (4). However,
neither were these microstructures characterized fully nor were their
origins understood. The purpose of our work is to characterize austenitic
stainless steel laser welds and understand the observed modifications in
microstructure.

Experimental Procedure

A multipass conventional weld overlay of type 308 stainless steel
filler metall [20.5 Cr, 10:5 Ni, 1.5 Mn, 0.44 51, 0,065 C; 0,022 P;
0.008 S, balance Fe (wt %)] was made on a 12-mm-thick plate of type 304L
stainless steel; see Figure 1. The resultant block of type 308 stainless
steel overlay was approximately 12 mm high, 25 mm wide, and 150 mm long.
Autogenous laser welds (melt runs) were made on this overlay at welding
speeds of 13, 25, and 63 mm/s. The welds were made with an AVCO multiki-
lowatt continuous-wave CO) laser system with an output of 9 kW, in the
annular beam mode. During welding, shielding was provided by helium gas
flowing through an off-axis diffuser at 5.6 m3/h.
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.. Fig. 1 - Schematic of the weld pad used for the laser weld experiment.
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Microstructural analysis of these welds was performed by using opti-
cal microscopy, transmission electron microscopy, and analytical electron
microscopy. For optical microscopy the samples were etched with a solu-
tion containing five parts concentrated HCl to one part concentrated HNO3.
Foils of weld metal for electron microscopic analysis were electro-—-
polished with a dual-jet polishing apparatus and a solution of sulphuric
acid in methanol (1:7). Most of the electron microscopy was performed at
120 kv.

Results and Discussion

A typical microstructure of type 308 stainless steel weld produced by
one of the conventional welding processes, namely gas tungsten arc (GTA),
is shown in Figure 2. The photomicrograph shows the vermicular and lacy
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Fig. 2 - A gas tungsten arc bead-on-plate weld. Type 308 stainless
steel filler metal.

ferrite forms in austenite. An earlier study (5) revealed that the soli-
dification sequence in type 308 stainless steel weld metal consists of the
primary crystallization of d6-ferrite with subsequent envelopment by auste-
nite and a § * Y transformation continuing below the solidus, leaving
behind a skeletal network of residual d6-ferrite. This particular ferrite
has been shown (6) to be located along the cores of the primary and secon-
dary dendrite arms. Sometimes the primary &-ferrite formed during solidi-
fication may transform to Widmanstdtten austenite at lower temperatures,
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‘leaving behind residual ferrite in acicular or lacy form. The ferrite in

this case has been shown to be located within the primary cells or
dendrites. These two modes of ferrite formation account for the origin of
§-ferrite in austenitic stainless steel welds containing duplex
structures.

Macroscopic views of cross sections from the three laser welds are
shown in Figure 3. In contrast to the type 308 stainless steel GTA weld,

(c)

Fig. 3 - Macrostructure of the laser welds made at (a) 13, (b) 25,
and (c) 63 mm/s.

laser welds of the same material obtained at welding speeds of 25 and

63 mm/s produced an almost fully austenitic structure with less than

1% ferrite. The ferrite is in the intercellular or interdendritic reg-
ions, suggesting a primary austenitic mode of solidification. Unlike the
other fully austenitic stainless steel welds, these laser welds did not
show any hot cracking tendency. Optical microscopy also revealed the pre-
sence of a third phase uniformly distributed within the weld metal, as
shown in Figure 4. Figure 5 shows the 13-mm/s laser weld with a wide

Mn-Si PPT. |
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Fig. 4 - Photomicrograph showing intercellular ferrite and uniform

distribution of third-phase particle identified as MnSi. Laser weld 25 mm/s.
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Fig. 5 - Variations in microstructure from root to the crown of the
13-mm/s laser weld.

variety of microstructures ranging from fully austenitic microstructure at
the root of the weld to 8 + Y duplex structure at the crown. The fully
austenitic structure at the root of the weld may be attributed to the high
cooling rates encountered in that part of the weld during welding. Mid-
sections of the weld revealed a very fine duplex structure. The crown of
the weld also contained a duplex structure of austenite and ferrite but
coarser.

The origin of the fully austenitic structure in the laser welds is an
interesting phenomenon that needs further investigation and understanding.
Figure 6 shows the details of the microstructure along the fusion line of
the laser weld made at 25 mm/s. Close examination revealed a change in
the mode of solidification for type 308 stainless steel from primary
ferrite, as seen commonly, to primary austenite. The presence of inter-
cellular or interdendritic ferrite is further evidence of such a change in
the mode of solidification. This may be rationalized as due to the
excessive undercooling at the tip of the primary &-ferrite cells or
dendrites that could have changed the mode of solidification from primary

6-ferrite to primary austenite. A later paper will present a more exten-—
sive analysis of this result.
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Fig. 6 — Fusion line of the 25-mm/s laser weld.

A transmission electron micrograph of a fully austenitic laser
weld, Figure 7, shows the third-phase particles to be 100 to 200 nm in
diameter. It also shows the presence of intercellular or interdendritic
ferrite at high magnification. These particles contained mostly Mn and Si
in addition to small amounts of Cr, Al, S, and Ti. A typical energy-
dispersive x-ray spectrum for these particles is shown in Figure 8(b).
The copper peak in the spectrum is due to the copper grid on which the

Fig. 7 — Typical transmission electron micrograph of the laser weld
showing intercellular ferrite and MnSi particles.
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Fig. 8 — Third-phase particles observed in the laser welds made at 25
and 63 mm/s. (a) Microdiffraction pattern. (b) Typical energy spectrum.

replica was mounted for analysis. A microdiffraction technique,

Figure 8(a), showed that these particles were amorphous. No evidence for
these manganese- and silicon-rich particles was found in the conventional
weld overlay. Spherical manganese- and silicon-rich particles have been
observed elsewhere (7,8) and have been identified as oxide inclusions. In
the present work, ascertaining the presence of oxygen in these particles
was beyond the capability of the analytical instrument. Further work is
under way to better understand the origin and nature of these particles.

Conclusions
Rapid cooling encountered during laser welding of type 308 stainless

steel changed the mode of solidification from primary 6-ferrite to primary
austenite. The resulting weld metal contains a very small amount of
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intercellular or interdendritic ferrite and the weld metal showed no sign
of cracking. In addition to the presence of a very small amount of resid-
ual ferrite, a very fine and uniform distribution of third-phase particles

was found in the weld metal and identified as amorphous and rich in manga-.

nese and silicon.
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