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Effect of Pulsed Laser Irradiation on the Coincidence Site
Lattice Grain Boundary of 316L Stainless Steel
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ABSTRACT: The work aims to improve the intergranular corrosion resistance by increasing the proportion of coincidence site
lattice (CSL) grain boundaries and reducing the proportion of random grain boundaries in 316L stainless steel. The surface of
SUS316L austenitic stainless steel was irradiated by femtosecond and nanosecond laser with Nd:YAG laser at suitable tempera-
ture. The grain boundary character distributions of irradiated samples were analyzed by electron backscatter diffraction (EBSD)
to study the effect of different laser irradiation conditions on the grain boundary. In addition, the crystal defects and 23 grain
boundaries in the pulsed laser irradiation sample were observed under a transmission electron microscope (TEM). Compared
with non-irradiated specimens, the proportion of the 23 grain boundary of specimens under femtosecond laser irradiation at 723

K increased by 2.88% and random grain boundary decreased by 4.24%; Compared with non-irradiated specimens, the propor-
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tion of the 23 grain boundary of specimens under nanosecond laser irradiation at 723 K increased by 10.78% and random grain
boundary decreased by 9.97%; The proportion of the 23 grain boundary of specimens under nanosecond laser irradiation at 773
K increased by 12.52% and random grain boundary decreased by 10.68%. TEM images showed that there were a large number
of stacking fault tetrahedrons in the pulsed laser irradiated sample at 773 K, but few such defects were found in the "step" of
twin nucleation. The change of CSL grain boundary ratio is mainly related to grain boundary migration and twin formation, in
which the energy generated by the pulse laser irradiation provides favorable conditions for the grain boundary migration in the
skin layer of specimens, and the crystal defects caused by pulsed laser irradiation might promote the nucleation and growth of
twins during grain boundary migration.

KEY WORDS: pulsed laser irradiation; grain boundary migration; twin; 23 grain boundary; stacking fault tetrahedron; grain

boundary character distribution
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Tab.1 Chemical composition of SUS316L austenitic stainless steel

%

C Si Mn P S Ni

Cr Mo A\ Al N Fe

0.013 0.20 1.28 0.024 0.0010 13.32

17.24 2.04 0.04 0.014 0.0396 Bal.

FIH B AR 08 K2 006 -1 & BT B R
SIATEOLR R, B EOE#R 8 Nd:YAG laser,
Ay HRERE S AT KRN ( Femtosecond laser, FSL )

FEFL O ( Nanosecond laser, NSL ) @R, HAixkZ
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A EBSD #:k iy B 7 B 35E ( ZEISS EVO®18)
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Tab.2 Pulse laser irradiation parameters
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Tab.3 Physical constants used for the calculations!'*>"
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Fig.1 Electron (7,) and lattice temperature distribution (7;) of
sample surface during the femtosecond laser irradiation at 723 K
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Fig.2 Lattice temperature distribution (7;) of sample surface
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Fig.3 Band contrast images of specimens: a) unirradiated; b) 723 K, FSL irradiation;
¢) 723 K, NSL irradiatio; d) 773 K, NSL irradiation
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Fig.7 TEM image of NSL irradiated sample at 773 K: a) stacking fault tetrahedron; b) Z-contrast diagram of high
angle annular dark field of stacking fault tetrahedron; c) continuous "steps" formed at grain boundaries;
d) selected area electron diffraction analysis of "step" boundary
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