111
AR

o2HldolEA 2uiolelzr e &
Aol B AT
- A% e ~HUo|EA AE|QE A%} $HA -

ofF A & @

A Study of Metallurgical Phenomena in Austenitic Stainless Steel
Fusion Welds(1) .
- Weldability of Commercial Austenitic Stainless Steels -

J. S. Lee* and S. H. Kim*

Key words: austenitic stainless steel (2 2B Uo]EA 28da2%), GTA welding (7}
B 2do}=84), primary solidification mode (ZA-231%4)), solidification
cracking susceptibility (X7 E 7A4), Cre/Ni,, ratio

Abstract

To predict and evaluate metallurgical and mechanical behavior of the welds, it is essential to
understand solidification behavior and microstructural evolution experienced in the welds,
neither of which follows the equilibrium phase diagram because of rapid heating and cooling
conditions.

Metallurgical phenomena in austenitic stainless steel fusion welds, types 304, 309S, 316L, 321
and 304N, were investigated in this study. Autogenous GTA welding was performed on weld
coupons, and primary solidification mode and phase distribution were investigated from the
welds. Varestraint test was employed to evaluate solidification cracking susceptibilities of the
alloys. GTA weld fusion zones in type 304, 321 and 304N stainless steels experienced primary
ferrite solidification while those in type 309S primary austenite solidification. Type 316L
exhibited a mixed type of primary ferrite and primary austenite solidification. The primary
solidification mode strongly depended on Cr./Ni, ratio. In terms of solidification cracking
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susceptibility, type 309S that solidified as primary austenite exhibited high cracking susceptibility
while the alloys experienced primary ferrite solidification showed low cracking susceptibility.
The relative ranking in solidification cracking susceptibility was type 304 = type 304N < type 321

< type 316L < type 309S.
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Table 1 Chemical compositions of the commercial austenitic stainless steels
Alloying Element Cre

Type Cro | Niw | &
C Si Mn P S Cr Ni Mo Cu Ti N Nie

304 [0.051 | 0.57 | 1.11 [0.025]0.004|18.24{ 8.65 | 0.12 | 0.21 {0.01410.045 19.3 | 10.97 | 1.76
304N | 0.052 | 0.64 | 1.12 1 0.027 |0.0016]| 19.05 | 8.20 | 0.14 | 0.21 }0.016 | 0.13 {20.25 | 11.75| 1.72
316L | 0.026 1 0.66 | 0.89 [0.023]0.008]17.41(12.20| 2.38 | 0.18 [0.030]0.038 | 21.75 | 13.77 | L 58
321 0.02 | 0.52 ] 1.32 1002300011774} 9.30 | 0.13 | 0.23°[0.124 | 0.015| 19.07 | 10.59 | 1.80
309S | 0.055 | 0.51 | 1.49 [0.019 | 0.001 | 20.90 | 12.72 | 0.05 - - 0.04 [21.73)14.95( 1.45
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Fig. 1 Schematic of Longitudinal-Varestraint test.
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Fig. 3 Location of commercial 300-series alloys
relative to the Fe-Cr-Ni liquidus surface.
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Fig. 4 Micrographs of GTA welds in type 304 and 304N stainless steels:A) & B) type 304; C) & D) type 304N.

B) and D) show fusion boundaries.
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Fig. 5 Micrographs of GTA weld fusion zone in type
304N austenitic stainless steel: A) TEM; B) &
C) SEM micrographs; D) EPMA line scanning
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Fig. 7 Micrographs of GTA weld fusion zone in type
316L stainless steel.
A) fusion zone center, B)near fusion boundary
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Fig. 8 Primary austenite solidification, near fusion
boundary of a GTA weld in type 316L
austenitic stainless steel
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Fig. 10 Micrographs of GTA weld in type 309S
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A) center; B) fusion boundary
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Fig. 11 Solidification cracking susceptibility of the
commercial stainless steels.

Journal of KWS, Vol. 16, No. 3, June, 1998



L2HYo|BEA A2 £ 7 F483 @4l ¢ 97 () 119

=98 Aoz gBudr),

Fig. 12+ type 309S, 316LolA] Varestraint A &
% gEd Sudde Aot vlu7l type
30989] A4, $HRY 23L& 27 S 2HUo|E
2 1% ¢d 22HUE AR SuH
d2 $3 AAHEA T olAAHHAE w2 2
4, Agsta d& & F Atk A L24H Yo
EZ $31% type 30959 S @A, oIAAHAS
EPMAZ ¥ 43 & 2=, P A g4 dH
% \AF UAem S FHHoz WA
ARy P, S9f #aFolatel FFAHQY g &
T ATk Type 3169 A S, & Ay FIME &
g ge] 23 dE dgolER $au3 99, 2
A e2EUolERZ Su 9Y BFoA A8
Aoy e MPFPME F2 24 2 2Ho
EZ $31% 990N F2 2SI Avtyg o
2 type 316LoA 2AF FH 2] Aol 309SKE o}
Btor 7Y ARARE nEHE P &
type 316LoJ A& Fig. 139419} o] HAZ A&7
4% gaEoy F2 2 dHF A BAPsty

dA S RNSE  B R
R s COPAI A By ties
N e bt b
AN o e il
: pd-a,l;:"‘,}i 3,',"""‘, “;‘t

]
SR g
=
"
TR A

“in el s it
"W
s
o
o

oy
>

e P,
6o
4

Fig. 12 Solidification cracks observed in type 309S
(A) and 316L stainless steel (B).
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