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Table 1 Chemical composition of base metal

Element Mass fraction /%
Cr 16. 82
Ni 9.84
Mo 1.78
Mn 1.52
Si 0.5
Fe Bal.
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Table 2 Laser cutting parameters
Parameter Value
N, pressure /MPa 9.8
Laser power /kW 9
Pulse frequency /Hz 300
Duty cycle /% 60
Defocus /mm —15
Cutting speed /(mm-min ') 350

v

TD

cutting direction
—_—
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Table 3 Phase parameters in electron back scattering diffraction
(EBSD) tests

Phase  Structure  Space group Lattice parameter

a=b=c=0. 287 nm

o Cubic a=p=y=90"

229: Im 3 m

a=b=c=0. 365 nm

Y Cubic a=p=y=90"

225: Fm3m
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Table 4 Main results derived from EBSD postprocessing

Type Name Parameter
Kikuchi line  Phase map Crystalline lattice
Pole figure Plane texture: {h £/}
Crystal ) . »
orientation  nverse pole  Orientation parallel to a specific

figure direction

(c) 3 S
coarse turbulent flow

ND
RD /4
“‘»

3 s
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Fig. 3 Morphology of recast layer at different sites. (a)-(b) Kerf top; (c)—(e) at 1/3 site from kerf top; ([)—(g) at 2/3 site from kerf top;
(h)=(j) kerf bottom
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Table 5 Composition variation of recast layer along thickness direction

Mass fraction /%

Site
Cr Ni Mo Mn Si Fe
Kerf top 17.17 10.91 2.36 0.76 1.05 67.75
1/3 from kerf top 17.08 9.65 2.12 0.63 0.90 69.62
2/3 from kerf top 17.51 10. 04 1.62 1.00 0.83 69. 00
Kerf bottom 17.63 9.06 2.81 1.02 0.99 68.49
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Fig. 4 Grain growth mode of recast layer. (a) At 1/3 site from kerf top; (b) kerf bottom
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Fig. 5 Crystal orientation of recast layer at 1/3 site from kerf top. (a) Phase map; (b) IPF orientation figure derived from TD;

(c) {1 0 0} pole figures of & and y phases in resolidified zone (RZ) and base material (BM)
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Table 6 Spatial coordinates of pole points in pole figures shown in Fig. 5

Spatial coordinate

No.
8-RZ y-RZ 3-BM y-BM
1 (—0.20, 0.67,0.72) (—0.81,0.22, 0.54) (—0.21, 0.65, 0.73) (—0.77,0.26, 0.58)
2 (—0.61,0.38,0.69) (0.65,0.11, 0.76) (0.99, 0.04, 0.12) (0.64, 0.10, 0.77)
3 (0.94, —0.09, 0.31) (—0.09, —0.97, 0.23) (0.92, 0.10, 0.37) (—0.17, —0.96, 0.26)
4 (0.63, —0.29, 0.72) (0.04, —0.93, 0.36)
5 (—0.25, —0.76, 0.61)

6 (—0.46, —0.89, 0.07)
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Fig. 7 Crystal orientation at kerf bottom. (a) Phase map; (b) IPF orientation figure derived from TD; (c) {1 0 0} pole figures of § and vy
phases in RZ and BM
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Table 7 Spatial coordinates of pole points in pole figures shown in Fig. 7

Spatial coordinate

No.
0-RZ v-RZ 5-BM vy-BM
1 (—0.05, 0.52, 0.86) (—0.39,0.85, 0.36) (—0.18,0.20, 0.96) (0.75,0.28, 0.60)
2 (0.69, 0.34, 0.64) (—0.07, 0.86, 0.50) (0.87,0.13, 0.47) (0.37,0.25, 0.89)
3 (—0.44,0.21, 0.87) (0.77,0.27, 0.59) (0, —0.68,0.73) (—0.12, —0.76, 0.64)
4 (0.91, 0.11, 0.40) (—0.30, 0.09, 0.95) (—0.06, —0.86, 0.51)
5 (0.05, —0.59, 0.81) (0.94, 0.07, 0.33)
6 (0.08, —0.77, 0.63) (0.11, 0, 0.99)
7 (—0.04, —0.20, 0.98)
8 (—0.82, —0.37, 0.42)
9 (0.18, —0.87, 0.44)
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Fig. 8 Grain size at kerf bottom. (a) Grain size map; (b) grain size profiles of & and y phases in BM; (¢) grain size profiles of § and vy

phases in RZ

3.3 BEEKLHMEEK

2 23 b BE ) 4 THU 1/3 47 & 0 1) 48 IS 34 %5 4K
A5 2R AL BEAE FVEEBE X rP & R Ly A A A B 43 A R
AL AR ANE 9 10 Fis o SR T SRS B X N B
P& v 7 A S5 B 65 5 TPF I v i —3, 181 9(a) .(b)
W) TPF AR ] 38 7 R R A B T A7 A — 26 i AR I )
P52 B A HoAh 25 5 - 8 M TE I A 2R L A AE 3
ol 5 45X o7 1) ot A JBC I, T oy A A A 2 BT AE A 4 B
SE 4 %F N A SR BT . — 28 5 A0 AE B Bk A R R 5
X, AT RE 7E 2 AN PG PR 5 72 v 52 P 25 5 — 26 5 A I
AR AN AR T S o A AR TH BB R 4 AR ] Y i A R 1], 3

WA & A T Rk BB G LI D182 T3 1/3
7 AL b A 1 A R AR — 2 U Bl AU 3B 4 X SR &
ARG IS, N Ib AR AN A KA 22

i & 10(a) . (b) fr 7= /9 TPF B [a) (& A1 #L AT 0 50
S RS 1Y) O AH T y AHAE i £ PR ST 170 B ) — 25, 50 B
MY ReRa A K, SR YIZETRER 1/3 60 & AL HH 1L, 1)
S B AR 32 B A B /N

TR RHE T 3.1.3. 27 i 1Y R TH & WL B R 4
T i 7 B ] 1 A0 S A KRR AR 43 M 3161 A 5 4 8 VI
FNE 2 AR LS . SR Y RO S e R
A EE SO o AR v i PR AR S R,

0402015-6



#5505 £ 48/2023F 2 B/HEEN

5 um

FlO  BEDISETOAS 1/3 (0 8 ALY TD J5 8] (19 IPF W a] ] DL K B b4 R 56 X9 4% ] o () 3 AH 5 (b)y 4H
Fig. 9 IPF orientation figures derived from TD with pole figures of BM and RZ at 1/3 site from kerf top. (a) 3 phase; (b) y phase
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Fig. 10 IPF orientation figures derived from TD with pole figures of BM and RZ at kerf bottom. (a) 8 phase; (b) y phase
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Abstract

Objective
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Owing to the excellent strength, plasticity, and corrosion resistance, 316L stainless steel 1s widely used in nuclear and
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chemical industries. The efficient cutting of thick plates is realized using lasers, which are high-energy-density heat sources. During
the laser cutting process, the plate material melts and is blown off vertically under the action of a coaxial compressed gas. Therefore,
a kerf is formed. During a rapid thermal cycle, an extremely thin recast layer (the order of microns) is formed on the surface of the
kerf. During the solidification of the recast layer, a particular temperature gradient and fluid motion significantly influence the
morphology and the texture of the structure at room temperature. In previous studies, researchers have mainly focused on the
influence of parameters, such as laser power, cutting speed, and pressure of compressed gas, on the cut formation and its quality.
Few studies have focused on the microstructural morphology and formation mechanism of the recast layer. The differences between
the as-solidified microstructure and the substrate may lead to non-negligible changes in the properties of the edge, which in turn affects
the overall characteristics. To study the morphology and microstructural growth of the recast layer, an 18 mm thick 3161 austenitic
stainless steel plate is taken as the object of laser cutting for this study. The solidification mechanism of the recast layer at different

kerf sites during the laser cutting process is revealed.

Methods An 18 mm thick 316L austenitic stainless steel plate was employed as the base metal for this study. A pulsed laser was
used to cut the base metal to form a kerf. N, was chosen as the compressed gas, and its flow direction was coaxial with the laser.
Representative specimens were then sampled to analyze their surfaces. Transverse and surficial microstructural morphologies of the
recast layer, under the laser action, were analyzed using scanning electron microscopy and electron back scattering diffraction
(EBSD). In addition, the recast surfaces were cleaned using anhydrous ethanol. The transverse surfaces were treated using coarse
grinding, fine grinding, and polishing techniques. The polished surface was then etched with diluted aqua regia (volume ratio of HCI,
HNO, and H,O is 3 : 1 : 4).

Results and Discussions The distribution of the main elements on the surface of the recast layer is analyzed using energy
dispersive spectroscopy. The results indicate that no significant element change occurred along the thickness, except for a slight loss
of Fe (Table 5). The grain growth mode of the recast layer is further analyzed using EBSD at the 1/3 site from kerf top and the kerf
bottom site . The results indicate that epitaxial growth is the primary growth mode. However, the proportion of non-epitaxial growth
at the 1/3 site from kerf top (Fig. 5) is observed to be higher than that at the bottom site (Fig. 7). A comparison between the IPF
orientation distribution and pole figures in Figs. 9 and 10 also shows that the grain growth at the 1/3 site from kerf top exhibits some

fluctuations with unmixed and unperturbed features.

Conclusions The results show that a small amount of Fe evaporates from the recast layer surface. A variation in flow state from
turbulent at the top to laminar at the bottom surface is observed, with an increase in thickness and needle-like grains. For crystal
orientation, the ratio of the epitaxial growth at the top surface of the recast layer is lower than that at the bottom surface. Such a
random distribution of epitaxial growth is caused by the turbulent flow at the former, whereas the dominant epitaxial growth is induced
by the laminar flow at the latter. Considering the grain profiles, the y phase in the base metal is equiaxed, whereas the § phase is
arranged in a banded form. The morphology of the y phase grains in the recast layer is irregular and coarsen by approximately 2 times
compared to those of the base metal. However, the § phase is dispersed and refined from 1/6 to 1/2 of the base metal. Under the
conditions of an extremely high-temperature gradient and a disordered disturbance owing to melting, a substantially reduced duration
of 8 phase formation with considerable dispersion is produced.

Key words laser technique; laser cutting; 3161 stainless steel; recast layer; epitaxial growth; crystalline orientation
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