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The objective of this study is to utilize a range of advanced microscopy techniques to characterize the
heat affected zone (HAZ) of an AISI 304 stainless steel (SS) laser weld. Laser weldments of 304 SS,
made with Type 308 SS as a filler material, are of interest to the nuclear power industry because of its
low energy input as compared to conventional welding techniques. Laser welds are especially relevant
for mid-life weld repairs of light water reactor (LWR) internals, which contain helium, irradiation-
induced voids, and other irradiated microstructural phenomena [1]. Conventional welding processes
such as gas tungsten arc welding (GTAW) introduce thermal stresses, which leads to the formation of
helium bubbles on the grain boundaries [2]. This phenomenon directly results in disastrous helium-
induced cracking on the weld boundary. Laser welding, however, is hypothesized to reduce the helium
coalescence and cracking at the weld boundary, due to the reduced heat input that inhibits surface
cracking and subsurface defects [3]. Nevertheless, no studies have characterized the laser welded
microstructures at resolutions greater than scanning electron microscopy (SEM) level resolution. In this
work, we utilize a combination of SEM and transmission electron microscopy (TEM) to understand the
laser welded microstructure of a laser weld on unirradiated and irradiated 304 SS.

Electron backscatter diffraction (EBSD) in a SEM is utilized to investigate the grain structure of the
welded sample across all three regions of the weldment: the base metal, HAZ, and filler metal. A full
EBSD scan on the welded sample from the base through HAZ to the filler was performed. The results
show a well-defined transition in the grain orientation and grain size from the base metal to the HAZ to
the filler metal. Representative EBSD grain orientation maps from each of these regions are given in
Figure 1. The average grain size of the HAZ (8.63 um) is smaller than the grains in the base (12.09 um)
and filler (10.92 um) metal. The finer grains in the HAZ are evident from the EBSD scans. The size of
the HAZ is estimated to be around 3 mm. The grain orientation angle exhibits relatively average
variation in each region, suggesting no notable texturing or alignment due to the welding process.

The HAZ created by laser fusion, and the base and weld metals, all merit further characterization to
investigate the microstructural effects of laser welding. TEM analysis is performed on each zone to
characterize dislocation densities, precipitates and second phases, and any irradiation-induced
microstructural features. The TEM lamellae are obtained utilizing the Focused lon Beam (FIB) lift-out
technique. The dimensions of each lamella are approximately 10 um x 8 um x 150 nm,

Figure 2 shows TEM bright field images and the corresponding convergent beam electron diffraction
(CBED) patterns from lamellae obtained from the HAZ in the unirradiated 304 SS. The brighter spots
(marked by red lines) in the bright field images indicate Z-contrast due to different elemental species
present in the corresponding areas, suggesting possible precipitates formed during the laser welding.

https://doi.org/10.1017/51431927617011722 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927617011722

Microsc. Microanal. 23 (Suppl 1), 2017 2213

Note that no such precipitates either are found in the base metal or weld metal TEM lamellae. From the
energy-dispersive X-ray spectroscopy (EDX), these two regions have higher concentrations of Cr, Si, O,
and C, and lower concentration of Fe, as compared to the matrix. In total, three such precipitates are
identified in the lamellae studied, and they have an average size of 302 nm at a number density of
2.5x10Y m3. However, the CBED does not show any diffraction pattern of these precipitates,
demonstrating the amorphous nature of these precipitations that form during the laser welding process.
Extensive amorphous Mn-Si precipitation was reported during laser surface melting and alloying of type
304L SS [4], but more efforts are needed to explain these non-crystalline structures.

This study on the unirradiated material will facilitate an understanding of the microstructures produced
by laser welding, particularly in the HAZ, and may reveal underlying physics of the formation of the
amorphous precipitation. Welds of irradiated material will enable further investigation of helium
cracking mechanisms; these results are not yet available, but will be presented at the conference.
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Figure 1. Representative EBSD grain orientation maps of the laser-welded sample from the base metal,
HAZ, and filler metal.
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Figure2. | E bright field images (left and right) of the HA Wih BED diffraction pattern of
precipitations (middle), from the unirradiated laser-welded sample at different locations.
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