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Heat-affected Zone Cracking Susceptibility in High Nitrogen-containing Austenitic Stainless Steel

Insu Woo, Tsutomu HoORINOUCHI and Yasushi KIKUCHI

Synopsis : This study was performed to determine the influence of nitrogen addition on HAZ cracking susceptibility in fully austenitic stainless steel

SUS310. The nitrogen content varied from 0.023 to 0.325%. The HAZ cracking behavior of nitrogen-containing stainless steels were investi-

gated using the bead-on plate welding, the Gleeble test, and the isothermal liquation test. According to the cracking test, it was found that the

HAZ cracking susceptibility in the SUS310 alloy decreased with increasing the nitrogen addition. The Gleeble and the isothermal liquation

test revealed that the HAZ cracking was closely related to the intergranular liquation caused by Si and P segregated at the grain boundaries,

which has the much lower melting point than that of the y-matrix. The degree of intergranular liquation in the high nitrogen containing

specimen was less than that of the low nitrogen containing specimen due to the decrease of Si and P segregation at the grain boundaries,

which seems to be responsible for less liquation cracking susceptibility in the high nitrogen containing specimen.

Key words: HAZ cracking susceptibility; nitrogen-containing stainless steels; Gleeble test; isothermal liquation test; intergranular liquation.
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Table 1. Chemical compositions of nitrogen-containing austenitic stainless steels (mass%).

Materials C Si Mn P

N

Ni  Cr Al N o

S310N-1 0.048 0.33 0.80 0024 00010 19.8 251 0005 0023 0.0105
S310N-2 0.048 0.32 080 0.024 0.0009 19.9 25.1 0.007 0.194 0.0084
S310N-3 0.048 0.31 0.84 0.024 00010 20.1 250 0.008 0.325 0.0057
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Fig. 1. Schematic illustration of specimen for the Gleeble Le
test.
Li (L, L2): length of liquefied grain boundary
Le: length of grian boundary
_HT. 35 g lesletest Liquation ratio (%) =X L/ £ LeX 100
- \ “Crosshead speed; . o . . . .
X \ 16.7mm/s Fig. 3. Schematic illustration of intergranular liquation
o \‘ and definition of intergranular liquation ratio.
= \
w4 \
£ | /S \ ML 7205, Z OWIETHRIIREL, He /i 21k 0 2%
= \ TEMAFA VL AR 22, ZO%, SR IS
IZDWTSEM & H L 2 BISICE L 7z, KA =13 1000
Time (s) fEDOBERETEE L (TR D 1041 TFig. 31TRT &5 12/

Fig. 2. Schematic illustration of thermal cycle used for the

Gleeble test.
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Fig. 4. Optical micrographs of nitrogen-containing aus-
tenitic stainless steels.
(a) S310N-1 (grain size: 28 um) (b) S310N-2
(grain size: 25 um) (c) S310N-3 (grain size: 30
um)

Fig. 6. SEM micrographs of intergranular cracking, back-
filled cracking and intergranular liquation in HAZ.
(a) Intergranular cracking (b) Backfilled cracking
(c) Intergranular liquation

Fig. 5. Optical micrograph of S310N-1 TIG welding specimen.
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Fig. 7. Effect of nitrogen content on HAZ cracking sus-
ceptibility.
(a) Total crack length (b) Maximum crack length
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Fig. 8. Hot ductility of nitrogen-containing asutenitic
stainless steels (on-heating).
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Fig. 9. Effect of nitrogen content on the nil-ductility tem-
perature.
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Gleeble test results : Fracture surfaces for S310N-1 specimen

- — o
X
(32]
N
n
X
)
[¢)]
N
¥
o
[qV]
[{e]

200um
1

Fig.

Liquefied
grain boundary
B

Fig. 11. Longitudinal section of S310N-1 hot ductility
specimen tested at holding temperature of 1623K.
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Fig. 12. Effects of nitrogen content and holding tempera-
ture on lineal fraction of intergranular liquation:
(T, ;; intergranular liquation onset temperature).
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Fig. 13. Grain size of isothermal liquation tested specimen.

4. HAZEIh S M IC RIF T NFM
TIEE

FEICH

A —=ZAFFA PRAT VLU AEOERENT Y NS
BRI, T5bbEMRERE D S EESECREORE T
FAEL, HIERZHIIYoEEE I kX IKFET S
ZEPHMOENTV S, JaklRh O EHEBRE Z2 HlE L 7
S, S310N-1#121710K, S310N-2#441% 1722K, S310N-3
31724k E 72, TNH6DfE L Fig 8IZR L ¥ it
HRmELOZEICL DY uENRERHAEZ KD % &,
S310N-1#41d 110K, S310N-2#413 97K, S310N-3£4id 74K T
H0, NEHEOWMZ LD ¥ oMREGHE >3 5
ZEeNbhrb, $4bb, NHRMZ KD HAZ B R
HERWEFE TN D0, ¥ oEMERE ORISR T 5
BDENZ B,

RO ZIRRLERER T3, NEEROHINZ X 0 R FRR

25

BEFEEEL AT HA VRAT VL RSO HAZ HIAESHE

LERBEAPTEZ L AR LI, 2D L %Fig 7ML
BkBH OHAZBINEZM L KT 5 &, MFIITRL
SAHBIBIR BB 6N b, Thbb, NEHENEMT 2
IZ L 7d o TRRBEILZ®RA L, ZhiZk-> THAZEIR
BRDTEEDLEHERE NS,

— R, RFRRICORERER & U TIRR Lo
(LavesfH, ®RILY) ORIIIER S L < EAMPIITTE (S,
P) ORFRITIZE S BB TR TWB 19, —F, B
WDOESIZ, §RTORBOMMERMT yHHETHS Z &
BRL7z, L7edoT, AR THO MM T, KA
WALIZ RIE T ERME O REEROEIIERE I 0
DEVAD, ZIT, MABLORERKEZHS»IZT 3
729, S, PR EDAMPICEDOKR RWTICEH L, ZO¥
BIZOWTHRE 21T > 72, Fig 1413 H B KRB KM
1623K X3 s TEUWILEE L 7= S310N-1 #1122 T, EPMA % H
W TR REAEE IS 2 R RO A 517 - 724
RThb, TEAMER, Si, PAR TR ERICHEH LT
FAELTED, FICSiORIAPLDEEETH S Z & 1FR
Hond, THIZHLT, FMPICESDRMTITIELAL
Rohiy, FelSido kU Fek PO _JLRERIZ& S
L, S, P FeDRlR 2 KIRIIKT SRR Z b2 5,
Thabb, Si, PAKNR LI E s &, MBGEREH IR
REBEZy~ b Y v 2 2ZOEMBELLT T RIL 2 BEE§
5, INH6DZELED, BEKIINGHEAT VL AHOD
HAZ #13 Si, PORIFRATIC K D RIFEBEOBAMET L,
FRIZERL Ty= MY v 7 ZDFEMEGLT TR AEIL A
ELBEDLHERINS,

—7%, Fig 12l L7=& 32, NEFEROEME & 812,
RNARRACBGEE R RT3 Z L 3bh b, AR &R
RAEACFARGIRE & OBRITARERH ORI #iH %
RLU7Figls%#R5E, KOMETH 5, KMRRILRER
PR3 2 5B D EAESRIRE & R R RSRIRE D2 L e &
L7z, NGEHEOMME & 312, MARCRE IR
%, BNEEMIIMEN EF IO R LR #iB
PWNEL K B7-8, By 4 2)L@RBRPITRRILENRRD
THEDENADS, —F, FlBER ORRERILIRE R
AR D ¥ o PEVEIR R ] & B B H 5 Z L by
3., T4bb, ENEAMIENEFEMIZHRT, KR
{LREFEHEO®R I & D ¥ o B RERAS D L, R
Bt HAZ Bl ESM AR E I8 DEVWZ 5,

RO &L, NEEXTF VL AR RELIZ S, PO
KRR AT Z3FRERBZEER L, 22T, NIk
iz & R REALBIRAIEE A R T BRE AW S 223
728, RARBEAEIZTFAET S, PORITEAFAEL 72,
Fig. 16 (3 IRFHRE 1623K THIZL U 7= R ikBR DR R
BZOWTS, PORAMTEZ2EPMAICK DBEIEL 728 DT
H%5, NEHESHEMT 3121 7245 TSi, PO EAME
5, ZOHEFELD, NEFEORMIME S KAWL

491 I



. 492

§$% &4 Tetsu-to-Hagané Vol. 87 (2001) No. 7

SEM micrograph

Si

Fig. 14. SEM micrograph and impurity elements distribu-
tion in the vicinity of liquefied grain boundary
using EPMA.

RO FRIE . By 4 2 LBRCEMSICESiB L UP
ORNRRITEVK T 570 eEAIOND,

NIRMARFEAE O Si, PIRITE A KT 258K & L
TR R EOHEIRIRAE Z 5N 5., AiEiOEERAL
REERICKS L, MEAR TOBNAAMIMENEGEM
IR THEERNREERENE W L 23bnr 5, ki
LA S SRR AL A IZ e R T, BRI AR S 72 D DRR
HREARMNT 2, $hbbd, NHMNZ KD MEGEFE COR
SRR ESHRI SN S &, BB DOSib XU PORKREN
FIE—ETHHZ b, BUKARBICHFAETSSIH
FUPORITRIZFDTHEDLHEREI NS,

26

— 180 T T T T T T
<
[= Range of intergranular liquation temperature
i. i AT=Ts-Ty
. Ts : Solidus line temperature
‘é‘ 170+ Tu: Intergranular liquation onset temperature
a
€
1] L 4
s
c
L
=
g 160} 4
g
k|
3 - 4
c
o
5 |
s 150 .
=
£
—
o ~ 1
]
g
o 0 L 1 1 1 1 |
0 0.1 0.2 0.3

Nitrogen content (mass%)

Fig. 15. Effect of nitrogen content on range of intergranu-
lar liquation temperature

o 07 T T T T T T

2

[

§ 06} \ E
<

b

& os}t i
2

Ko}

S 1623K

¥ 04l e s S| /= ;
« E ©

E =F g | /S

c o3} E|/S .
5 kS

*u.io —

8 ozl Time |
oo

& '\;\.
& oot} .
(723

N

(=]

2 0 1 1 1 ] L 4

é 0 0.1 0.2 0.3

< Nitrogen content (mass%)

Fig. 16. Amount of Si and P segregation at the vicinity of
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