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Effect of Phase Composition on Toughness of Duplex Stainless Steel
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Akio Mitani

Synopsis: With the object of realizing well-balanced strength and toughness of duplex stainless steel, mechanism that
controls toughness should be clarified. In this paper, the influence of alloy distribution in ferrite and austenite
phase on charpy impact value was investigated with SUS329J1 duplex stainless steel by heating at different
temperatures before hot working. Higher charpy impact value was obtained when heated at higher temperature.
Major factor for this improvement was due to high Ni concentration in ferrite phase. Propagation paths of crack by
impact fracture were mainly through ferrite phase regardless of heating temperature. This indicates that ferrite
phase is poorer in toughness than austenite phase and controls the entire toughness of duplex stainless steels
such as SUS329J1. In addition, the impact values of ferritic stainless steels whose chemical composition was
similar to that of SUS329J1 were improved with increasing of Ni concentration. Above-mentioned fracture
behavior and strengthening mechanism indicates that increasing Ni concentration of ferrite phase in SUS329J1
duplex stainless steel improves toughness.
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impact test
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Fig.3 Effect of ferrite content and heating temperature
on charpy impact value

3.2 MEERRICIDEHERBETED I /OMBMEL

Fig. 4ICEMEERICLD L v ILE—EEHABREDHR
FICEIT5. BREEREBEEO I VOE#BERT. VT
NOMBEBEEICHNTEREERICIIRA RABRES 1.
MECEEDENEDIFERELRA ROAZHBEND
MBEICHDTco RA PDER - RO LPT = EHEE

Sanyo Technical Report Vol.20 (2013) No.1



1100°C

Observatior
“i

Fig.4 Cross-sectional microstructure near fractured
surface of charpy impact test specimen

ICISEMRBELHDEEZOND, Ffc. WITNOMEERE
ICENWTHBMIIT TS MIRNTELTEY . 7154
MENEEEFHSOBRGERREL DTV, 2D L
398 0Hh5. BREDSEKIIA—ITF1 MELUEMD
BT IS4 MADBEICERSNTN\D I EZRELT
Do

3.3 BEMIFIMEBERICLIEPEERFEREDEL
MEBEDERICKIEEBNEL DN EEARF
ORIBFREISAML TBY . MEEEICEST 7T 51 b
WA TBRERNMEEL L\, ZCCHASGETREEDE
BERRBIDIH. BEBICEODRONTCMEBEE
1100 CHKU1250COFEKICHENTEPMAICEL DTk
YUEYIEITORER%ZFIQHIIRT, CDBER
Cr,MolZDNWTIFT7 T 54 MENDRBIEA RS N=A. il
HBEICLDERIIEN O FECNDEIITRONT .
MEBREICLDEREAN DIce —ATNIZDNTIEF—
2T A MENDRIEAER I NN, MBEICL DT
F—=2T7F4 MEBLU T T 5A MBIZBITDNBEZED
EOoTHY ., BEBEDSHN D1250CTIIA—A T+
1 MMEET IS4 MEBDONIEEZIS/NEh D, 2T
MEEEICLDERDESNENICEB L. 97D
TC:\§¥%F|9.6LL—/TT0 MEEE1100CDIEE. 7 —2X
TFHA MNMEFONIBEDE—UA S, 754 MEBOD
NBBREMEL B O>THY ., =TT MENDNISEEZER

THERRT VL ZEOBMIC RIS I EER DR E

Heating temperature

1100°C

BEI

Ni

1250C

Fig.5 Elemental mapping by EPMA for the specimens
heated at 1100C and 12507 followed by
solution treatment

1100°C

1250°C

=
=

Ni concentration (%)

b
>

w
Y

Py
o

bl
>

/\(\J

Nf"/

Ni concentration [%]
3 bl
2
-
-

um W‘u ‘v

0 25 50 75

Distance (um)

100 125 150

0 25 50 75 100 125 150
Distance [um]

Fig.6 Line profile of Ni concentration

Sanyo Technical Report Vol.20 (2013) No.1



THERRT VL ZEOBMEIC RIS EERDRE

e BTV, —7. MEEE1250CDIBE IS,
1100COBEELBTDES—XTF A MEADNIRE
DE—DIHELS. LTI 54 MERDONIRE FRAS<
BOTVeo THBHEMBBEENSIMEET TS MMER
NONIDBERAS B INHHEDO ERICHEZRIZ
LTW2HEEMN B D,

4. ER

REMIFMPERED EFICKIVEMENE ELIZERA
3. BEETROBRCERKREL D7 IS MAICSH
175, NiREDBEICLDEDEEZ SN, T TTH
RATVLZAWICEITDT T MERONIRE EFICK
WEBENEELCRRICDNWTREEIZ{T D28, Table
21TRFSUSI29J T DILZER B ISEM L= T T 51 MM
HZzRNCT. 754 MARONIRE EEEEOBFRZHR
BUEERZFIQ.7TICRT ., ZOER. NISEBEDEMIC
HWERICSITDHEEENLERLTEY. BICNIEH2%

Table 2 Chemical composition of samples with varied
Ni content (mass%)

Symbol C Si Mn S Ni Cr Mo
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Fig.7 Effect of Ni concentration in Cr-Mo-Ni ferritic
steels on charpy impact value
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Fig.8 Changes of Ni concentration and the amount of
ferrite and austenite phase with respect to
temperature
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Fig.9 Change in microstructure after heat treatments on SUS329J1 as-cast specimen
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