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Abstract: The microstructure and deformation behavior in 22Cr-0.2N micro-duplex stainless steels with
various Ni and Mn contents were compared using by OM, TEM, and XRD. The 22Cr-0.2N duplex
stainless steel plates were fabricated and hot rolled, followed by annealing treatment at the temperature

range of 1,000-1,100CC. All the samples showed the common strain hardening behaviour during the

tensile test at a room temperature. The steels tested at the temperatures of -30C or -50C showed a

distinct inflection point in the stress-strain curves, which should be resulted from the formation of

strain-induced martensite(SIM) of austenite phase. This was confirmed by TEM observations. The onset

strain of a inflection point in a stress-strain curve should be depended up the value of M430. With the

decrease of the tensile test temperature, the inflection point appeared earlier, and the strength and

fracture strain were higher. The tensile behaviour was discussed from the point of austenite stability of

the micro-duplex stainless steels with the different Ni and Mn content.
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Table 1. Chemical compositions of duplex stainless steels.

No. spec. Mn Ni N Cr C Mo Si Cu Fe

1 4Mn-2Ni 4.07 1.97 0.19 21.51 0.032 | 0.302 0.99 ]0.8 bal

2 5Mmn-1.5Ni 5.03 1.5 0.201 21.47 | 0.031 0.307 1.01 0.81 bal

3 6Mn-1Ni 5.94 1.03 0.204 21.5 0.028 0.3 1 0.8 bal

4 7Mn-0.5Ni 7 0493 | 0.209 | 21.58 | 0.027 | 0.308 099 |08 bal

5 8Mn 7.81 0 0.209 | 21.3 0.026 | 0.297 ] 0.98 0.79 bal

DSSol| 5ol 9= Mn @ Nid®) FFe @~ 07 Nig Mnl®E 77 X383 5717 FEe 3
HlUolE oaustenite equivalent)ol] ZHFASZ  FAHEEIZ(ULVAC)oIA =7] 150 x 150 x 330
FFe mAEE o FHelolE/exEHYelES mm'd 50 Kg YFFEHE Azt A
AFEES AR E=3 oJIdHEA T =9 AellE NigAE Mnle®E  X&sAA [Ni] +
M= FH o] E/ 2E| o] E9 xﬂﬂ-ﬁr%% H o 2[Mn] ©] BYI F 8o] HEE Q1HUE T
31 4 oy oyt AEL Ao JAA H4d #FHE A AASAEY. & 19X 4 AFY

=

T AL FABA
sl DSsel Z1AH 43
L 2H| Lo EZFoll A

induced martensite,

rE
oflt
1 do
N
o
=
[
i,
>
o
ul

(strain
SIM)E A= &4 719 El(transformation
induced plasticity, TRIP)S] A F=2 7|13t}
3 4EA Yo TRIPS of7|5ts Md 7=
HAO|E WH= A3 AT oA (Stacking  fault
energy, SFE)7} B2 o2 2k 9 ~HUolE
of WAYSlaL, SFE: §sxAd &gt =3k
GFolA LBV EA A Ao AR
(preferred partitioning)= Q2 HUo|EQ] SFEE ZA
AP, B AFo|ME 22Cr-xNi-yMn-0.2N DSS
o] AR W FEES ZAEIY, AFE
Aol WE SIM ATl tha] 45k

H Ao EAL 22Cr-2Ni-4Mn micro-duplex
2ERlE 2o A AFENS ARSI, o] Zol
A NigA4E Mno 2 X3S 4 7o AZAE
S B, 17k Nig w3 Mnlo®E tiAsh=
o "3 JxATEA A gt

=1g=%|

2. a3 diy

oo

B A Al E Fe-22Cr-2Ni-4Mn-02N 7S 7| &

sl B8 YeRhdTh

Az YL 1250CHA A7t F HF

FAZF 3mm7t HA pass B F 30%2 AsEE
A HAew olw miFg GAEE
1000~1050C o] At} EAZHLS 1000~ 1100C
A 307 Bt oldd A & ZAS TF ¥
A & FF F 1,000C04 oA AHgt
< o E T AIRE7](Zwick/Roell Z100)°
A A &% 30T, -50C 2 A9 R &=
Z790 4 AZAE S AABATE A "3 A
MzAe XA 3-Ax (XRD, Rigaku 50kV) 2
TEM(A230)& o] &3 nlw B39t JEE =
A 2ATFA o HAHH WHIYsio
Ferritescope (Fisher-FMP-30) ¥ XRD Z3} %S H]

WEA S

J

u] /q] Z A9

=

ZAE 19 A
3 AAAE dF fﬂﬂl LPEHH o, g
S dY9o 22HYOE(y)S} AFE *—‘.‘91 7 2}o]
Ed(e] U2 e FETEE Bt %

st 57|39 | M17@ ez, 2013 12€ 123



& Nizk Mn¥Hgo] 247k fh2Al H7EH o 9l
02 2EEE §A3 FeHe 22S Yeh) °i\:}

Fig. 1 Optical micrographs of 4Mn-2Ni duplex
stainless steels after annealing treatment at 1,000T.
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Fig. 2 ThermoCalc diagram of 6Mn-1Ni alloy.

23 394E 7 Lxlx

1
nA 2z o] setolE FEES ek

124 ASHI|ASERX M7 M6, 2013 12¢

EHIAIO|EO| O|X|& Nizt Mno| F&f
oA #HeolE FFol A U
E}stT.

Schaeffler®”7} ¥FZ 3 o}lg2] NiY
o 93} 1wt.% NiZt 2 wt.% Mn©|

TN ()
7h o},

Nigg = Ni + 30(C + N) + 0.5Mn (1)

60

w
@

73
S

'S
n

Ratio of ferrite phase(%)
-
=}

w
7

. , \
as-rescived 1000 1050 1100
Annealing temperature (C)
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fraction of ferrite in various duplex stainless steels.
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Fig. 5 True stress-strain curves after tensile test at
(a) -30C, and (b) -50 TC.
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Table 2. The onset strain(e,), yield point and fracture strain (gf) on S-S curves after tensile test at -30°C and

-50°C.

Test temperature C \ properties No.1 No.2 No.3 No.4 No.5
g, at inflection (%) 23 34.5 35 40.5 35.2

-30C Yield point (MPa) 519.8 618.1 586.6 619.8 609.8
Fracture strain (e, %) 342 63.8 60.1 56.7 55.2

g, at inflection (%) 21.8 25.6 25.5 29.8 25.5

-50C Yield point (MPa) 611.5 643.0 710.9 621.2 749.0
Fracture strain (e, %) 44.2 61.1 52.5 58.5 51.2
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Table 3 Calculated M430 value and volumetric
fraction of strain induced martensite (SIM)

of each specimen.

Volumetric fraction(%) of
Specimen | Mg430 SIM

30T -50C

No.1 -50.6 88.3 91.1

No.2 -58.3 80 96.3

No.3 -61.4 48 88.9

No.4 -67.9 79.4 85.8

No.5 -60.2 88.5 92.8
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(b)

Fig. 8 TEM images of 8Mn steel after tensile test
at the temperature of -507TC (a)ferrite, (b)

austenite and (c) boundary of austenite/ferrite.
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