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Abstract

High temperature deformation behavior of a heat-resistant duplex stainless steel, used as a retort in the Pidgeon process
for Mg production, was investigated in this study. 25Cr-8Ni based duplex stainless steels were cast into rectangular ingots,
with dimensions of 350mmx350mmx100 mm. Nitrogen and yttrium were added at 0.3wt.% each to enhance the heat-
resistance of the steel. Phase equilibrium was calculated using the thermodynamic software FactSage® and the database
of FSStel. For comparison, cast 310S steel, a widely used heat-resistant austenitic stainless steel, was also examined in this
study. Dilatometry was conducted on the as-cast ingots for the temperature range from RT to 1200°C and the thermal
expansion coefficients were evaluated. The nitrogen addition was found to have an effect on the thermal expansion
behavior for temperatures between 800 and 1000°C. High temperature tensile and compression tests were conducted on
the ingots for temperatures ranging from 900 to 1230°C, which is the operation temperature employed in Mg production by
the Silico-thermic reduction process. The steel containing both N and Y showed much higher strength as compared to 310S.
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Table 1 Chemical compositions of ingots fabricated in
this study(wt.%)

No. | Cr | Ni Si N Y | Mn| C Fe
1 25 8 15 - - 1.0 | 0.4 | Bal
2 25 8 | 15| 03 - 10 | 04 | Bal
3 25 8 | 15 - 03 | 1.0 | 04 | Bal.
4 25 8 | 15|03 | 03|20 | 04 | Bal
310S | 25 | 20 | 15 - - 20. | 0.1 | Bal.

_,d
o

7b7 A oEHES 03wt% H7
Axs} o EFS

9l3ko]
_Z,_

A8 3108 ~HIClEg A S

213 <2) FactSage® =

Ffata

=
EEIL TER RS

166 /et 2471358 X[ /M 223 M 3%, 20134

oo}

oj°l

F
P
¢
olo
2

retort)e] 73
At vpel o] o] dojuf= FEelA
1230°C ©] o =EFH&= W wladls &

Y
i)
rir
1 o
i
rlo
S
o
<
e
o
ol
-3

= k=3
A 2xFulo] o] FAE T &4
Asloll FolA ) whghd B Aol A
of Mg IdAFAFE SAHsI Fx3NY
% VzAEE &gtz §elth o
o 27 8mm, Zo] 12mm o] Y4EE AJHE
o] B} 3°C 9] &5 AL A 1230°
A 4R APS SIS
FZ2HE o] AEYFeR AAHE IS T
900 oA 1230°C ¢ 2%ollM AR} AHFAFTS
5
Sl

Ot w2 | oo

O

=
20| 7}538 ThermecMastor® & Al-8319) 0w
Aol A% A gmm, TEAT 10mm & EAA

il
%

& &= 5x10Ys = FA5S
$-ol= 27 8mm, 2] 12mm ¢
&3 Ald Fole BF

tlo
o

Fig. 2 &= %28 Qusd nAzde #2d
A3E Aele Ao Axel Wrtel wel mA
zAo] ZA WasE Ae & & vk A4t
FHEA e IR Fol o FEA L Hol
o, davt GEel me v ke =
g el A o EFe Arke Axdt @
A BARA Fe BPole vARA T FF
2 mAA GAT AnTh GAHE el o=



Fig. 2 Optlcal mlcrographs of mgots fabricated in
this study, showing as-cast microstructures of
(a) No. 1, (b) No. 2, (c) No. 3, and (d) No. 4

FS 5% H7sA =9 Fig. 2(b)oll A9t 2ol A
A AsA A& o]
2d)ol ek o] A A Eod5FE Aoz YE
Wk AAa7F HtE A4S gk dEE 0.4wt%
2 th F7] e gAstEe] o dHEHE=
A% #ZE 4 vk o= Fig. 3 9] 4HEE AL
s AT
Fig. 3 ol & <7 2185 WE 2l %4
&*goﬂﬁ Ni S 20wt.%7h<] A3EA 7]
L5 eIt Ni gHFo] FolxHA
O|E Ao o143 H&= Aoz YEiuith
ZFol 0.4wt%= wl§- FOTE MyCe EHSE
1200°C 9] Lol A5 A=Y M,C, ©3}
2 WA RE AFo] AFEO] MuCe B3
A EHA AR FREY HHS 2
= ez A Iy Aavt Ho F¢
0°C A4 A= ATEZE 550°C ol Al ARe=]|
= o= YERTHs]
Fig. 4 & AxdE F24H9 X tstd
1200°C o] ==7MA |33 A gst 24945 vekd
Aolth, 2o wg 9 A4 Wi d4a
o H7t fFol wE F RERE UFE AL &
I Ak F, A4S SRE Y3t 2 9k 4 9 A
o t
|

ith)
o
fiu
ok
[40

fe
o

z»gmr
Eg

F e > Mg e @ fo o X
‘”HU

Bo0°c 9} 1000°C °] &%=
o #E A= ﬁ% g
%l
o] ZNES AT
= A5 7hes st Aom By AAA
ol A7t Bes A4 A3 Folth. Fig. 4 o) A

Sl BHAEEES Fig

Fe-Cr-Ni-Si-N-Mn-C
ciiz glg) = 12 (0lg) = V2 (glg) =0.003, Mn'Z (glg) = ‘%ldSage'
T T

C/Z[gg) uoo z(; +CraNi+SIHN+M D c)

T0) 1000

Fraction of Ni (9/9)
Fig. 3 Pseudo-binary section of Fe-25Cr-1.5Si-0.3N-
1.0Mn-0.4C-xNi calculated by using FactSage®

a (UK x 10

0 2(’)0 460 ﬁf’)O 860 10’00 12’00 1400
Temperature (°C)

Fig. 4 Thermal expansion coefficient of heat-resisting
duplex stainless steels used in this study
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Fig. 5 Tensile test results obtained at 1230°C on the
ingots of heat-resisting steels used in this study
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Fig. 6 Morphologies of carbides formed in the ingot
No. 4 during solidification
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Fig. 7 Stress-strain curves obtained from the tensile
tests conducted at temperatures from 900 to
12300C on the ingot No. 4
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Fig. 8 Optical micrographs taken after tensile tests of
the ingot No. 4 conducted at temperatures of
(a) 12300C, (b) 11000C, (c) 10000C, and (d)
9000C
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Fig. 9 Compression test results obtained at temperatures

from 900 to 1230°C

Fig. 7 & AA9 o]EFo] 5% HItd o3t
tf3ke] 900°C oA 1230°C 7}A] &A@ E A}

E vEd Aotk SH 2 32 1000°C o]/l
AN X7t ZolA WA AxlEo] 238 st
E AEge HgE Add, o] 1000°C ©]/¢<]
E2 2RAE WE oe Y FAHAA F
TAoR Aol Yuo AiE AsE x
3 Ao R AdT) Fig. 8 ¢ HAMARAS B
WAool 7P e 1230°C = AAHE
A AP B3 o] 79 Holx ¥E whd &x7)
Srol x|l A AA Yol AA oz WY v zF
o] F=HEA FAH AdE AS & F Adn 4
AGA e 5 SHHTAHAA ggo] FAH7



w%%ﬂﬂﬂ& o) @) oy I oY mwbcm«ﬂﬂm T W W W AR D
= ! NI 0 To — —
Bp27d% SuTTep SiEezi prIiTess
dlmmu Etfw o_a X o . :mwﬂ o O#E E.A‘w Z‘.ﬂ ﬂ”ﬂﬂdﬂﬁﬁ 0
FRBEEIBES FAROB, TawMmeTT T oo T 4
H )| —
MEH =T ER E, T8 rd Bgdw® T _wGomad
TR e Peitm EFLFEMT TEpoW e
%aﬂi@g ~ME R R THa® tFlg8n% o
op AN 3 N N ohy o - ) o S oup Y
G o O e R B T W 50
N o 2 A g T W W =T g Oy MR R
]L71Po_l U <! T TN A o, == ry K
S B TN waTwes coBicw
w T ,ﬁooﬂe7E ﬂylw ~a o) T _xo,‘hk mo .ﬂlﬂ,ﬁ _/E_HOtL
X B noRT 0 Tl X = - 0 w
w ol W E X B m Oﬂudrﬁa ,muﬁot Hy N
o Al M% o 5E ® i G PR By
£y o ) NP ) O - - — TN )
ﬁocméﬁw_ﬁmuw,mowm W‘_nguiool EtﬁovdldﬁoEOMmuW_Wﬂqo,Wﬂﬂ
oo T L BES U wraBE gt g 3T
SE T o &M@%M% ﬂﬂ%%mA%ﬂ%%@@M%@
= © x s il
TE N e el outsnTategaaride Ly
T oW 81 T _YdGdumbdmldac  ogH 2T T
RO g ﬂEﬂﬂ oy = o~ 71M),m4 )
S TR T DK o T ST N oo o T W o
JITUNMBEBAT PEIHRLE TERghN KT N A
S 2 ToW TR oo N
sgssg 2 ujqﬂ %%E%Wﬁ@ Hﬂ%%
m Jlo g N _—
meary - m ﬂﬂownﬂ“%‘mﬂ] il dlun.__ﬂrmyl‘uAl
. 3 |2, IxRNaa e dETY UETT
2 |28 Tz BMmK Gy
e |58 "Fz4zR=wia TTEIT
e s | & & BB °F X
& S8 MITZlwmw =" NOR ﬂiL
3 n £ ogQE‘mowrquoEW@uE =)
0| g8 wpHIXo | X T OFEM
o n . 88| S 4. PV eor¥urxsz g _ A
S¢|E3 == T g p QT T o
s 8¢ xﬂq%c,ﬂdl.mwgaiwﬂ4 —H ok g
m ...IW \OlafﬂoqA‘wMA‘ﬂDl‘.E@O#HO dAIﬁoHT
[T v re S “_MwOJI\ﬂI7OTMW1X_.O7OWMx_IN ,‘%AOTAT
o |E8 Eswl® P XL o g
e . & |£5 Tao¥ _SPpTTC ST o
8 |£28 4Zo=Tagpl +Pp o T
E———. S o u|;oumcﬁaiﬁoA1rdr S~
XXX EXEEEEE Z°o Wy HLT T w87 g
guH = TET g PTETD"  5FN g
e Y wmTopgmy o Ex .
i THTT TARVRT I T o

,20134/169

=

| X|/® 22 A3

REFERENCES
=2

Materials and Manufacturing Technologies, Adv.

1997, Hot Tensile Properties of 25Cr-8Ni Duplex

Stainless Steel Containing Cellular Structure after
gh=adIts st

Mater. Res., Vols. 156-157, pp. 1471~1477.

Retort Ferrosilicon Process, Trans. AIME, Vol. 159,
[4] C. H. Shek, K. W. Wong, J. K. L. Lai, D. J. Li,

pp. 315~352.
[3] P. Dong, Z. Guan, 2011, A New Mg Reduction Jar

Chem. Eng. Sci., Vol. 47, pp. 2195~2206.
[2] L. M. Pigeon, W. A. Alexander, 1944, Thermal
Production of Magnesium - Pilot plant Study on the

[1] K. R. Westerterp, 1992, Multifunctional Reactors,

=k

.
1

[e;

B

[e)
Fig. 3 ol

ek ol

A

g 2Rl

&} a1}

S

uhs} el 9

3L

[

hy
‘:.__
=

o]

el

o~
T

=R

Ao A e vkl

A= 9

A

L

A=}
AEE Ao g vehgt o

310S ol A

ol A Al
-E;C]:

<
T

ik el A
il
3

il

E
JEl wie} ol

A1

Al
=
=

i<

o

-

=
A1
% e
A



Various Thermal Treatments, Mater. Sci. Eng., A,
Vol. 231, No. 1-2, pp. 42~47.

[5]1 J.1.Bae, S. T. Kim, T. H. Lee, H. Y. Ha, S. J. Kim,
Y. H. Park, 2011, High Temperature Precipitation
Behavior of High-nitrogen Duplex Stainless Steel,

170 /et=24713 s X[ /M 223 M 3%, 20134

(6]

Kor. J. Met. Mater., Vol. 49, No. 2, pp. 93~103.

T. H. Chen, J. R. Yang, 2001, Effects of Solution
Treatment and Continuous Cooling on o-phase
Precipitation in a 2205 Duplex Stainless Steel,
Mater. Sci. Eng., A, Vol. 311, No. 1-2, pp. 28~41.



