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Influence of Liquid Argon Cooling on the Microstructure and
Microhardness of 316 LL Stainless Steel in Laser Metal Direct Forming
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Abstract In order to keep the proper temperature gradient of molten pool in the process of solidification and then
make the columnar crystals grow from substrate during laser metal direct forming. the liquid argon is sprayed to the

two sides to refrigerate entity-wall; and the influence of liquid argon cooling on microstructure and microhardness of
316 L stainless steel parts are investigated. It can be concluded from the experiments that heat accumulation can be

reduced effectively. the most of columnar crystals grow from substrate continuously, the biggest primary spacing of

dendrites is about 35 pm and the microhardness of entity-wall increases obviously.
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Table 1 Partial process parameters of LMDF

Parameters Values
Laser power P /W 230~260
Scanning velocity V' /(mm/s) 6~10
Powder mass flow rate M, /(g/min) 5~10
Beam diameter D /mm 0.48
Shielding gas flow rate ¢ /(1./min) Ar, 2~5
Carrier gas flow rate Q /(L/min) Ar, 6~10
Lap rate y /% 30~40
Number of tracks m 8
Number of layers n 60
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Fig.1 Schematic of liquid argon spray cooling
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Table 2 Composition of the 316 L. powder and substrate (mass fraction, %)

Element Particle size /pm Cr Ni Mo Si Mn C P S Fe
316 L powder 50~100 17. 60 12.10 2.20 1.12  0.15 0.04 balance
316 L substrate — 16. 75 10. 17 2.05 0.51 1.53 0.024 0.024  0.003 balance

1003010-2



WA HIXS 316 L ot &R B A% T 1 4L 2UR 2 S 1 B2 i)

(@) gglgencfggg 1: bottom,; 2: top; 3:left
4: middle; 5: right

B
0

}ity wall
substrate

(b)
right

_to
middle 3

— bottom

left—

—substrate

B2 kRl e . (O BUREDIEI Ty 6] 5 (b) iR 1F

Fig. 2 Specimen preparation. (a) Cutting method of specimen; (b) inserts
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Fig. 3 Microstructure of entity wall in normal cooling condition. (a) The bottom; (b) the top
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Fig. 4 Microstructure of entity wall in liquid argon cooling condition. (a) The bottom; (b) the top
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Fig. 5 Layer structure of entity wall in the liquid argon cooling condition. (a) Entity wall; (b) microstructure
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Fig. 6 Microstructure of two side surfaces and middle parts of entity wall in liquid argon cooling condition.
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Table 3 Relationship between microhardness and
microstructure of different positions of entity wall

in the normal cooling conditions

Percentage of Primary
Microhardness .
columnar spacing of
HV

crystals /%  dendrites /pm
H=1 mm 283.0 80~70 3~5
H=2.5 mm 264.7 70~30 4~7
H=4 mm 256.9 30~0 —
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Table 4 Relationship between microhardness and
microstructure of different positions of entity wall

in the liquid argon cooling condition

Percentage of Primary
Microhardness
columnar spacing of
HV
crystals /%  dendrites /pm
H=1 mm 295.6 90~80 2~5
H=2.5 mm 280. 3 80~60 2~8
H=4 mm 274.3 60~40 3~9
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