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Effect of Deformation Temperature and Manganese Contents on the Tensile Properties

of Fe—Cr—Ni—Mn Duplex Stainless Steel
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Department of Mettallurgical Engineering, Pusan National University of Technology

*Department of Metallurgical Engineering, Dong— A University

ABSTRACT

The effect of deformation temperature and manganes contents on the tensile properties of duplex stainless steels

with the structure of both ferrite and austenite were investigate. For this investigation, Fe—19% Cr—>5% Ni—4

~8% Mn alloys were prepared.

The result obtained from this experiment are summerized as follows.

With decreasing deformation temperature, tensile strengths of duplex stainless steel increased. Elongation

showd to be increased and then decreased after representing the highest value at specific temperature.

Tensile properties of duplex stainless steel were controlled by TRIP behavior in this experimental range of

austenite contents.

Tensile strengths decreased with increasing Mn contents.

With increasing Mn contents, elongation decreased in the high temperature region, but increased in the low

temperature region. The peak temperature representing the maximum elongation were changed to low temperature

and the width of peak appeared to be broaden with increasing Mn contents.
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Table 1. Chemical Composition of Specimens (wt %).

ompo.

C|Si| S P | Cr | Ni [Mn| Mo
Spec.

A Steel {0.12]0.88|0.006(0.009(19.15|5.09|3.8|0.002

B Steel |0.12]0.85(0.007]0.007|18.55}5.16(6.2{0.001

C Steel 0.14]0.82(0.007]0.008|19.50{5.15(8.2{0.001

7&%}101 T AR °J°dﬂ&%¥f+ MEIS R
£ TA) & AlFerdc.

3 1%;;} R EIR 7}%01 2 A5E 1020°C Y
FHRZo|A 2087 FAF FYsisi.

0

2.2. lojFdxsy Hy

&8 dAgdtd odoja Azvw FA4Y AnAAE
A % CrOs, CH:COOH, H0 & &3d Asd 44
= Agete sebabAel A Helfr]l HAH =2 el
EL AAN] Azl dddntE @ B2 AATA
oI e adoleAts vtz g Aol EARS vpehlglct.

7
I

o

(=3

o

ol

8t
of Al&% oA KKH F&edols AfF+AE shod 3
stel g vehd by Badv] el st sgtole st

1=

o]
zeolE4S FRHAT FARARE AL Al

of Welf71 443 shzdbel =g B,

2.3. 0j2HAlO|ES &H
ol Aol o Ftel W) S| AR UPEHJAMEQI o}

A&
I

o

to

o ARAGel dael s ARYE L A
R D T
$9% oz delddel ¥ ¥4¢ s X-Ray 372

A 23 doleh. X-Ray A4l 9 AefH710

E

2l Ao B3t éé-e— Mo-KaAl & o] &3] FAlw 4
+ 208 15°~45°2 AL 0.5/ming FAEEER
AP & H o] Az ye ZAsAc. ofs e
F7lokzRlAlo] 29 ok Miller'™ ol 2ste] 4%
t}

ol #4143 & Shimadzu DCS-25T QAAE7o A2
2 2 AAAEE T 4+ UdsE AHE FiEd
—196°C~200°C ¢ £x ¥l glolx] ARAHE 3l5ic},

Ao 2971 0°C~100°C & €% ¥ E &

S AREE 2 100°C ol4e) 2Ex g4+ Silicon oil



46/Fe—Cr—Ni—Mn 24 ~®|clal~7}e] QA4 do) o]x): dges o

Mn g3huistel o3
£ Agstsdn £9 0Colhe) LxoldE Eebojofo]
£, WA, AADLE AL

3. gy & ¥

Hefoleoh exdvo]E EgzAE i 24 A4
ollade AAR Ade F Ao EFEA
2Hvto| B 2eiqlalazte] eI
HefolE swalalAztel Yell: #E 5
Sleby ¥y YA ¢ AHvo|k -
o3te] ml2elrlele2 Wede Trip 4= F

"‘i ;5}.9_ -&} 7-]0; Aﬂ7l§,]r;},

wehs] £ Agel M Trip 42 248U E 9 of
Axol 2dte] Auisl 248 Jo]EQ) AT W

O
+xd dEgE e DA, HYEw)
u

H 3 ol 4
Hol| wjA & Jgke 24 3 of-g vlzElalelE gleky
ARAAAI) HAE TRz, FFU4LE Mg
Mn o et gr) Ay do) n|E de-s =Aldg
=3
3.0, #o|Zd=® ME
Aelalal a7 Mn e e28dolee 4 4
A Nigak F7loll 7lodstz Qloh. Fig.1 & Niwes

Crga dslo] wtE sfefolEg} ﬁﬂ]»}o]wu e
dds vebd Aoz, E Age 24 HYol4
defol e ¢ A fe|E 24 E£%zAE e Aoz
vebytel,

Nikel Equivalent(%)

Chromium Equivalent(%)

Fig.1. Constiution of stainless steels' .

Photo 1 & Table 1o vfebql u}of 7te] Mn <l &g
ol & A, B C AEF 1020°Coll A 208 §4 3
T 1L uw oo Batgn] 7 AlRlo g4 A B
C% 25 sjoles) oxvhtolre) 24 Egzdo
ol FolH Ad&E o £ Utk

£ A4 SA ez 2 anibo] £ Aol n

2

LTI

o4z AA vehd Aol slefolE oz slefeE i

Photo 1. Optical micrographs of Fe—Cr—Ni-Mn

Stainless steels.
(@) A Steel (b} B Steel (c) C Steel.



o] (fibrous) &
= ARl 44

2% wheby sfetoluel AHE

2 A59 Y s glv delelEg HHEE
< XA Fgader ZHsto] 2AG A AAEA
39%, BAl&7}t 34%, CA187F 30%E vebsiet,

Photo 2+ siefo]E 9t 2. 4vivelel 24 E¢z7
T %e CABEE -20°C 8 x4 ol
W ARG AAE rtzeiAelE S wF ek el
Hebd A AEel 7 Abdelch. o ApalofA o &£
sheb o] wd kol 20%% AA (@l HA

Eltfol °a‘%'— S 2EolEoll A Hef§7] vhawl

fo 2
> rr

>
>
L
j
~N
N
[
N
-1
b
t-3
>~
2
2
ol
i
tw
rlr

o
ok
W
o
2
acs
alo
o
a2

4 ©
32
‘_E,

Fol 50%<! *VJ (b)
£ vio] ES] of ool

=2
2
‘l—
Y
3
rN
™
=
2
e
o
o
v
=
rlo

Photo 2. SEM micrographs ot martensite obtamned by
tensile deformation at —20°C of C steel.
(a) 209 Strain (b) 509% Strain.

BERTHERE 44, 4% 1991/47

A chgkel chzdAelEst A4sle Qe ¢ 4 9
o,
ol 49l AelAzA ARoIA ¢

u}gai]A}o]_g] xlmy]_?. okz}
& Aok sleka eix gep

3 Egb 2xHvo ]E7P 34 24 26
4 gAde sejo]Egt ¢ 2Hvfo]E e
tdstdds F2 lﬂi}"l‘:“"ﬂ Aujetn o
#7 ) A2 Photo 2014 oF F & Hig} o] 2a
E“"l'oli‘oml 3ol 2] éed U}_viﬂl/k].o]rzi 1&5}]3}1

ol

180
O Tensile strength

el ® VYield strength
o
E 140+
=2
=
i}
L
(=4
&
3 100t
=
B
=
=
o 601
[~
=
=)
I
B

20
—~ 60 |
(o3
5 °
5 4w}
8
=

201

. L : 1 L 1 .
-200 -100 0 100 200

Test Temp.(°C)

Fig.2. Effect of test temperature on the tensile prop-
erties of A steel.



48/Fe~Cr—Ni—Mn 2 4 2sclalazbel 34 gel vl e 4y o

Mn gabuiste) 93
of olejdt A& HY
SE, webd WYL
st

Fig.2 & ##o|E9l 228 }o|E7L 23 AXEE
~196°C~200°C ¢ &= 8lolA a#Ad 3
275, 9 o A& wEE Wy Lso wet

250
i3

| o
Hilo] whd oA AL =4}

QAztey £E 2ash WA 443 2T Ay
Age e £ $Ed4RE $49 Fhea
[e]

o, FEAE g4 A= vxd AFe e

o oAt depaldl 7iclsle] WelF7s
Aolee] HA47|Fst 2 o] weby] @

o rtr

}

2

Algo] ute °l < zﬁioﬂxt S 2Ho|EY A
o] Aauel ¢ 50%Ax EAFTL v 2

2000
1500

10001

Stress (Xg)

500

0 20 40 80 B0
Strain (%)

Fig.3. Stress-strain curves obtained by the tensile test-
ing at various temperature of A steel.

A A7 Ase dAES AlEr] WEelga A7
Hep?, '

olghre g Fv A stz st oo
Lol ol e dojzl SH-wHE ZAL
ZALHA T},

Fig.32 AARE o3 Txod x4y 3d<
e $A-HYgE TAHE epd Aol

20°C ¢} 100°C ol 4 °é% T4 2E34 95 el
Yo gled Wl Hgog el webd F49
ez} whepx| i 0'4. Z —40°Coll M= S3F4
vehz —70°Collde Wy 27 gl

Habol vEhe -196°Coﬂx1l Tl AH
ko] vtehda 9l5-& o 4 §ith

aﬂ_*&é’— 20 L9+ 100"64 A Lol @~

[La R
o2
nlo

olo ofo
LI
E

ol
ok,

S
2
ol
o

Aelz el 47 uﬂ%oh A
2 %

1A% 4ol vhEhte

100
Test Temp.: -40°C
80|
3
2 so}
1]
T
]
=
£ 40}
204
1 g 1
0 20 40 60 80 100

Strain (%)

Fig.4. Relation between martensite percent and tensile
strain of C steel.



A5 Axs7) AEolekas 47t

oo ARAzYH slzelzst avivoleg 24
FH2A %y sddlAagel dRdEe dgesol
W oD Gee %+ Uch webd wges
Sl g A4S ctzdAelEdste BAE 24

F1g4“ C*liﬂ ADH A4S 4EML +E —“r
=]

—40°Coll A <14y Aol HF el wE vl

3k =4
thel Fol= vl alatel e dFe] 38%e°] Atk
# A‘l é

45}»}1 740;4 30% tﬂfsgvmh *ﬂﬂh"r?l

o Eane 2de o

7l A e 22H

HolE7} U}EHVM e g el ol el W F

23l wolol @3 2§ AGPe Fok cidel o
Aol e} gAH oz 48 Aasiolel srebe

23
o 4 gl

Fig.5, Fig.6 & SAsvo|eel &kl 61%<

&3} 70%9] CA8E —100°C~100°C o &% 4ol

AAAY sholgw 1L AR Aol EY

FAE e Helrt,
A9 CAE =5 #HY

<
Aot vpEdlAlo|Egko] ZAlsla Yus % F U
Fig.7% Fig.5 ¥ Fig.6olAel e 548 =
= E

A Agede 9 e dAdEE el

150 100
® Tensile Strength

QO % Martensite

100

Tensile Strenglh (Kg/mn®)

50
~100 . =50 0 50 1o

Test Temp. (*C)

Fig.5. Tensile strength and percent martensite

function of testing temperature in A steel.

% Martensite

2
2
=

a

PR TSEEE 44, 49 1991/49

deb vehd Aolth % A 25 Aef] 449 o
EE{]A].O]EEI:O] ——7].5Lo]] @a} o‘l L70L57} 75}1‘_75;‘_0_1
Zobsh ek o AselA, £ ARe AFREE
G447 A4HE demasse dael AR

Fig.8~: Ad cxliel A4l g3} vf 2l Abe] Eokte]
BAE vy Aoz F A2 BF vi2daoleg
o F7hst @A dAlgo] Frhsiet vhRElALo] E ol gl
AAae ASolE 35%, CAsY 7Hsoe I9I%AE
o4 Aozt vebd F F&sn Yok o] ok A W

150 100
@® Tensile Strength
O % Martensite

Tensile Strength (Kg/ma®)
% Martensite

-100 -50 0 50 100

Test Temp. (°C)

Fig.6. Tensile strength and percent martensite as a
function of testing temperature in C steel.

150

® 4 Steel O C Steel

100

Tensile Strength (Kg/mm?)

50 - 1 . J| :
0 20 40 60

% Martensite

Fig.7. Tensile strength as a function of percent marten-
site in A and C steels.



50/Fe—Cr—Ni—Mn 2 4 Ad|qlalAztel Qd g4 do) ojx: HY s o

2

Mn ghebsie) of g

100
® A Steel
O € Steel
75k
) Q.
£ NS
= \b
] - e
g = o
= pleg
25k
i 1 L 1 1
0 20 40 60

% Martensite

Fig.8. Relation between percent martensite and elon-
gation in A and C steel.

CAa 2% A4 sxvolEer 3 ok 56% A 57}
g5 Aol

ezdole By 24e Ak Ame] A% Ho o

Ago| vehl: £xoa Hedr] A4sE vpeda)
o|ES) e 40~60%Moletn wIVE F1 olch,

2 *Q%"“Hg} 7o) #HebolE gt o Awjito|ms} EE
go} gl AralalAztold ASt CAR 2% oA
0153] 56%24C7]' “163011 40]»0:1 U]-EEJ]A]- ]C_‘ﬂEﬂ 5]
2$ mefan Qo AFH eaHuele B4 24

E
oA Wegrl A4E clzddoleae Wile] &
Cabeba B Ageld A 60~70%2) o
24 zelldl A AR QBARL 2.xw)

olEv} vizElslo|E 2 Wefele Trip @-del #lwis]
1

ol Sebolzsh 2 aelboleot £44 24 o)
Qlalazel ARYAL LadolEe ehdre] e
AE el AgeEel oo 24 AwsHn e

o 4 Ul depd £ /‘a]sd Al Mn & 2 AH o]
E : E gwnis{o] Mno %
il B B S IR R ‘%% ZAHEd v

Fig.9v Mn¢ #&& =eldt A, B 9 CH&:
—196°C~200°C 9] €=l g &g o
ARE wgtE Wy Lol dete] el Aot

180
O A Steel
D, [0 B Steel
[ A L Steel
-~ sl
] b\ o
= 120} D\OK
= ~N
= NN
™ a_ o,
B - o
2 A:g%\
: S8
w ==
2 sof Bg=p
I
0 i 1 2 1 A | i
-200 -100 0 100 200

Test Temp. (*C)

Fig.9. Effect of Mn on the tensile strength obtained at
various temperature in Fe—Cr—Ni—Mn stain-
less steels.

100
O A Steel
{3 B Steel
A C Steel
®
g
= //a-a)g\
H N
8 50;/ /C:/O/O AN
=] [»]
3—/0/ S Ay
Hh_— f:f:
0 i 1 1 1 | A
-200 -100 0 100 200

Test Temp.(°C)

Fig.10. Effect of Mn on the elongation obtained at
various temperature in Fe—Cr— Ni—Mn stain-
less steels.

A BY CAE 2% wyex 749 37 gA7E
7} 2ol ee 4 4 i Mne eke] Frb @
42 QAR WA vehygr

Fig 9ol 4oh 5948 24 dold oidl
sol wel i Roleh,

P



20001

1500
-188°C

. -100
=

S 1000

v -30C

<

E

w0

500

¢ 20 10 60 80

strain (%}

Fig .11. Stress-strain curvers obtained by tensile test-
ing at various temperature in C steel.

=
4
i)
2
2
a2
Eh
paca
M
=3

ket o] Mntapo] F713
Agd vetlle 257t ALFes,

i sias Ex

o K
32
ks
R a3
=
p?‘
[
o
i

-
2
o

[=3
2,
o
rlo
fi
rfo
2
2
=2
2
als
v
&
2
o
o
12

.
::
=3
ofN
N
A
ot
=2
8
=
R
-
o,
ol
f
N
N
ol

ols
ol
rE. rr ®

o

=

©
S e
mil
o
Ry
o}
-

A u}es*wolwsu A gxl
Hol olef 9 xstolEs} shzalstolE 2 ta
£xa Mogol wobgol weh exnjo]ee] g
7t Zohehes o] sk,

2% Mn 2% 7ol g} A gol 2
EXREX TR hﬂl dehdel, 29 o
$E7 ALEoz ooy Hag X
Qale Mn g 1 el ek Ml ol
srobalE Fxol ek} Holx M.

M Atols F7bo] goin7] wfol WMHALAE
Qo £ Qe 715oh BolAls) woleln A7,

Mn@ebel WS Qldagel oHE e Al
Sbobisl $letel Mnahebol 8%el CAE% ofe) &5
o4 ldudE algd W& SH-wEE FHE
AR

e B b
o

0_1..4

b

BOEE TR 4%, 45 1991/51

NAdE —40°Coll 43 FA9 moko] STAH Hejs
detl e glesl wheld Mnol 8% A7HEl C A gof4
< SFHAY =ojo] -196°Colld Jehtz gleg o
T Ut =R AAEY AS$ -196°ColAE 28 A
37k 28)e]l AA dolum gAal CAEY ASolE &
Het dabol vl gm 9k,

o9} & HAL Mnol Aol cela MA 3 My
Aol Rota|Aut Mego] ol =] vl MAo|
oMAle Axrt 27 Wlgol $dexolA CAEY 3%
b AASY ASHd 2 AHo|Ee AL} £
wgeolet A7tEc}

4.4 B

dAzbo] el o Aeulo]rg] HEZAL i Fe—
19%Cr_5%Ni—4-~-8‘7Mn /\E-l] ol aq]/wlg] Ql A4 Al o)

R
F7ol wheba zhaalgl

*

4 Mool Fokgol webd medelode oA
Fo| %2 429 oldE $A ehsteh £ Mnol
Z7hg) gebd Ao dAES deie e AL
Zoz of3dn, st 24 Jehye

#ng

Hﬂ

1. Y.Fukas, K.Ebato, N.Okubo and S.Murao :
Trans. ISIJ, 8 (1968), 311.

2. ].P.Bressanelli, A.Moskowitz : Trans. ASM,
59 (1966), 233.

3. B, ILEFP, AAR, HRE
(1968), 38

4. F.Abrassart, F.Lecroisey,

HAEREEE, 32

A.Pineau : Mem.



52/Fe—Cr—Ni—Mn 2 4 ze|dalazte) QA4 v)xE e 3

Mn ¥k ste] ojg
Sc. Rev. Met., 66 (1969), 805.

5. G.P.Sandevson, D.T.Llewellyn : JISI, 207
(1969), 1129.

6. I.Tamura, T.Maki, H.Hato :
(1970), 163.

7. I.Tamura, T.Maki, H.Hato, Y.Tomota, M.
Okada @ Proc.of 2nd Int. Conf. on the strength of
Metals and Alloy. at Asilomar (1970), 901.

8. E.Scheil . Zeit, Anorg. Allgen., 27, (1932), 21.

9. Fil, /IR BASEEE, 34, (1970), 507.

10. B.Cina . Acta Met., 6 (1958), 748.

11. H.M. Ohe @ Acta Met., 5, (1957), 614.

12. L.Kauffman and M.Cohen . Trans. AIME, 208
(1956), 1393.

13. J.D.Defilippi, K.G. Bricker and E.M. Gilbert :
Trans. Met. Soc. AIME, 245 (1969), 2141.

14. F.Lecroisey and A.Pineau : Met.Trans., 3
(1972), 387.

15. P.Guha and Clack : Duplex Stainless Steels, R.
A. Lulaed., ASM. Metal Park, Ohio, 1983 pp.
355369,

Trans. ISIJ, 10

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

H.D. Solomon @ “Duplex Stainless Steels,” R.A.
Lulaed., ASM Metal Park, Ohio, (1983), 41.
S.K. Srivastava . “Duplex Stainless Steels,” R.
A. Lulaed., ASM Metal Park Ohio, (1983), 1.
C.H. Sump and G.C. Bodine @ “Duplex Stainless
Steels,” R.A.Lulaed., ASM Metal Park Ohio,
(1983), 1.Park, Ohio, (1983), 71.

R.L. Miller . Trans. ASM. 57 (1964), 892.
Schaeffler, A.L : Met. Prog., Vol. 56, p.680,
November 1969,

BE, A%d L dAsSEA 3.2, (1990), 20.
H.D. Solomon, T.M. Devine, jr | “Duplex Stain-
less Steels,” R.A. Lulaed., ASM Metal Park
Ohio, 1983, pp. 693—756.

K.Nohara, Y.Ono and N.Ohashi : #i * %, 60
{1974), 317.

M.Fujikura, K.Takada and K.Ishida : Trans.
ISIJ, 15 (1975), 464.

T.Maki, Y.Tomota and I.Tamura :
&3k, 38 (1974), 871.

A&



