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Influence of Nitride Precipitation on the HAZ Toughness of High Nitrogen Containing Ni-free Austenitic Stainless Steel

Insu W00, Tsutomu HORINOUCHI and Yasushi KIKUCHI

Synopsis

- This work was undertaken to examine the influence of Cr—nitride on impact property in heat affected zone of high nitrogen containing Ni-free

austenitic stainless steel. Cr-nitride precipitation of HAZ was simulated to be determined using the isothermal test and the Gleeble test by
varying holding time and cooling rate, respectively. Impact toughness was determined by testing Charpy V-notch type impact specimens
(55X 10% 5 mm’) between room temperature and 77K. The time-temperature-precipitation (TTP) diagram for Cr,N precipitation showed that
the nose of each C curve (i.e., intergranular, cellular, and transgranular Cr,N) was around 1173K. Cr,N precipitation at holding temperature
1173K occurred sequentially at grain boundaries, by cellular precipitation, and, finally, by transgranular precipitation within the matrix.
Amount of intergranular and cellular Cr,N precipitation increased with increasing holding time or decreasing cooling rate. High nitrogen
containing Ni-free austenitic stainless steel exhibited excellent impact toughness at room temperature. At 77K, impact toughness was de-
creased markedly, and ductile-to-brittle (DBT) transition behavior associated with brittle transgranular fracture was observed. Intergranular
and cellular Cr,N precipitation reduced impact property of HAZ at room temperature. In addition, embrittlement occurred due to grain
boundary separation and fracture through cellular precipitation regions, initiated at Cr,N. However, regardless of amount of intergranular and

cellular Cr,N precipitation, impact toughness values of HAZ were not observed at 77K.

Key words: high nitrogen containing Ni-free austenitic stainless steel; Cr,N; Charpy V-notch test; HAZ toughness; ductile-to-brittle transition.

s

W, BOKTIRABICRT2EFEEBTRICTLALF -
DORELPFT =y 7L (Ni) BRI, ARICE-T
AT VL ZEANONIRMEORH AR TS,
ZFORIEED—D & LT &7z Fe-Cr-Mn-NFRD Ni

7Y —EERIAT VL AT, K ERBTORRE, #
N EMED 20, SMEBERMEE LTelifanT
W3, ZOEIEEBNZERELONITY —GEERAT

VU AR RSERMB L LTHRAT 354, B - BT
O 2O L, & ICEEEOMBEMOE & T DR
AERETAILAEETH S,

SR EHE AT VL ZARMOBEER CIRERRMISER L
f7u—R— Lk LOEEEHhORESBER S L TER
ENTVBYY, —F, BERAT VL AMMOER TIEE
WIRLL FICRiME R ND =8, BHsEEh &, BHERY
B (HAZ) 12T 5, L LAars, BEE
@%ﬁﬁt%ﬁ%@%ﬁrﬂTéﬁwﬁﬁdm%wm&
VY, Simmons” T Cr Z2{LHION A BEREEAT ¥
Z D FEBIEEEM: I K ORI Y v L ¥ — R
BERKITTEDERL, ZHIZBIL Tid Chandara Holm

E.
~%s§

5® ¥ X URayaprolu b ? AR GAREZREL T3,
EEFREEAT VL ARMOEEHMY ISREREOZLIZK
DARELIKFET S, LALEAS, ZThoORIEERY
M & Cr EEPOBRIZOVTRLTE D, BRmEO%
Ll g5 Cr 2o ZIZR L TR Tungn,
7, REBEEOEIZE 55 WEIERMICONTE, K
HOBEBRZOORBERTH S,

7T, K TIE, HAZE ZRE L TE X X B
MR % 4T 5 72 Fe-Cr-Mn-NRDONi 7 ) —@FERZXT VL
ZHZONT, [KRA SHBETOY v LY —HEREE
FURITRB AL L 72, ThoDOMBICED E, HAZ
BRI KT TEIOEEBII DN TER LT > 2.

2. tEAME S LUERG X
2.1 #EM#E

AR T 722 A 8HZ Fe-20Cr—20Mn—0.75N %2 D Ni
T -EEREITFVLVAETH 5., R E O %

Table 1127 F . KRJUABL -4 v I v b 2 E{LELE,
ERFEI SR, BURITEIEONEIZALEE L, F %12 1373K, 3.6ks D

FMFTE LB A 1T - 72

SER134ES 30 H2F VR 13410 A 5 H 527 (Received on May 30, 2001; Accepted on Oct. 5, 2001)

*  KBRATFRA B

29

A (Joining and Welding Research Institute, Osaka University, 11-1 Mihogaoka Ibaraki 567-0047)

29 I



. 30

$k &80 Tetsu-to-Hagané  Vol. 88 (2002) No. 1

Table 1. Chemical composition of high nitrogen containing Ni-free stainless steel.

C Si Mn P S Ni

Cu Mo \ Al N o]

0.043 043 1992 0004 0006 001

001 001 001 <0005 0.746 0.0097
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Fig. 1. SEM micrographs of base material and aged speci-

mens: (a) Specimen before aging, (b) specimen
aged for 3.6ks at 1173K, (c) specimen aged for
10.8ks at 1173K.
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(a)

Grain boundary

Fig. 2. TEM micrographs showing intergranular, cellular
and transgranular Cr,N observed in specimen aged
for 3.6 ks at 1173K: (a) Intergranular Cr,N, (b) cel-
lular Cr,N, (¢) transgranular Cr,N.
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. Effect of holding time on amount of intergranular
and cellular Cr,N in specimens aged at 1173K.
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Fig. 4. Effect of cooling rate on amount of intergranular

and cellular Cr,N in HAZ.
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Fig. 5. Time-temperature curve for intergranular, cellular
and transgranular Cr,N precipitation in aged high
nitrogen containing Ni-free stainless steel.
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Fig. 6. Effect of test temperature on Charpy impact ab-
sorbed energy of high nitrogen containing Ni-free

stainless steel.
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Fig. 7. Effect of cooling rate on Charpy impact absorbed
energy and amount of intergranular, cellular Cr,N
precipitation.
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Fig. 8. Effect of holding time on Charpy impact absorbed
energy and amount of intergranular, cellular Cr,N
precipitation in specimens aged at 1173K.
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Fig. 11. SEM fractographs after Charpy impact test at
77K: (a) Specimen aged for 0.03ks at 1173K,
(b) specimen aged for 3.6 ks at 1173K.
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Fig. 12. SEM micrographs after bending test at 293K:
(a) Intergranular crack of specimen aged for
0.18ks at 1173K, (b) microcrack in cellular of
specimen aged for 3.6 ks at 1173K.
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