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Effect of Ce on inclusion modification in a new type super
duplex stainless steel 2707HD
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(1. Shanxi Taigang Stainless Steel Co., Ltd., Taiyuan 030003, Shanxi, China;
Northeastern University, Shenyang 110819, Liaoning, China)

LI Hua-bing’
2. School of Metallurgy,

Abstract: In order to improve the cleanliness of the steel and realize the harmlessness control of the inclusions, the ef-
fect of Ce on inclusion modification behavior of a new type super duplex stainless steel 2707HD was researched. The
possible inclusions generate type in super duplex stainless steel with Ce was preliminary determined by thermodynamics
calculation. The sizes, morphology and type of inclusions were characterized and analyzed by metallographic micro-
scope; scanning electron microscope, energy dispersive spectrometer and Image-Pro6.0. The results showed that the tiny
inclusions (less than 1 um) and 1-2 um inclusions increase, while the proportion of inclusions larger than 2 pm decrease
in the super duplex stainless steel with mass percent of 0.03% Ce. The proportion of inclusions smaller than 2 um de-
creased, and inclusions larger than 5 um were formed with mass percent of 0.06% Ce. Ce can transform irregular AL,O;
inclusions into regular Ce,O; and Ce,O.S rare earth inclusions and accompanied by the formation of Ce,0;-Ce,0O.S and
CeAlO;-Ce,0.S composite inclusions. Moreover Ce element can effectively decrease the amount of irregular inclu-
sions.

Key words: super duplex stainless steel; cerium; inclusion modification; thermodynamics calculation
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Table 1 Chemical composition of new type super duplex stainless steel 2707HD %
T H C Cr Ni Mo Cu Mn N Co Si P S Ce 0 Al Fe
Ce0 0.0044 2683 7.14 488 098 1.11 039 097 042 0.005 0.003 0 0.0039  0.047 Hagy
Ce0.03 0.0046 2685 6.73 461 096 1.09 039 1.0l 040 0.009 0.002 0.03 0.0036 0.053 Ha
Ce0.06 0.0043 26.75 7.19 477 1.00 1.17 040 096 041 0.006 0.001 0.06 0.0025 0.055 g

4 : Ce0 RIR LAl ; Ce0.03 ZR/R Al i 43 BN 0.03%; Ce0.06 2R/~ i i 73 20N 0.06%

2 HRL#
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Torpnr (8 kAR IR A 2 S R B b HE S A T 1 el R
DL 2™, DL 1 mol &l 4E 4 b v, T 58N R AE 5K
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Table 2 Main reactions between Ce and other element in molten steel and standard free energy generated at 1 873 K

Sy SN TR FrRUEAE R AT A tHEE AG AT ARG AT A g AG® (1 873 K)/T

® [Ce]+3/2[0]=1/2Ce.0s(s) —714 380+ 179.74T —377 726.98

@ [Ce]+[0]+1/2[S]=1/2Ce,0.S(s) —675 700+ 165.50T —365718.5

@ [Ce]+3/2[S]=1/2Ce,S;(s) —536420+163.86T —229510.22

@ [Ce]+[S]=CeS(s) —422 1004120387 —196 628.26

® [Ce]+[N]=CeN(s) —72890+161.09T 228 831.57

©) [Ce]+2[C]=CeC:(s) —131000+121.4T 96 382.2

@ [Ce]+3/2[C]=1/2Ce,C;(s) —112000+102.9T 80 731.7
[Ce]+[Al]+3[0]=CeAlO;(s) — 1366 460+364.3T —684 126.1

©) [Ce]+ALO;=CeAlOs(s)+[Al] —102119—25.7T —150255.1
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Table 3  Activity coefficient of each element in liquid steel at 1 873 K

e (e} C S P Si Mn Ni Cr Mo Cu N Co Al Ce
O —020 —045 —0.133 0070 —0.1310 —0.021 0.006 —0.040 0.0035 —0.0130 0057 00080 —3.900 —0.570
S —027 0.1 —0028 0029 00630 —0026 0 —0011 00027 —0.0084 0010 00026 0035 —1.910
Ce —503 035 —8360 1.770 - - - - - —  —6560 —  —2250 0.003
Al —660 009 0030 — 00056 — - — — 00060 —0053  — 0.045 —0.430
C —034 014 0046 0051 00800 —0012 0012 —0024 —0.0083 00160 0110 00076 0043 —0.024
N 0.05 0.13 0.007  0.045 0.0470 —0.021 0.010 —0.047 —0.0110 0.0090 — 0.0110 —0.028 —
F4 18BKNBPEETHEERTERY
Table 4 Activity and activity coefficient of each element in liquid steel at 1 873 K
w([Ce])/% S ¢
Jo Js Jee S Je I a, as ac, ay ac ay
0 0.054 0518 0724 0921 0308 0.059 2.14x107 1.55x10° 7.24x10°  432x107  1.35x107°  2.30x10
0.03 0.050 0453 0730 0.898 0305 0.058 1.79x107 9.07x107* 2.19x107  4.76x10  1.40x10°  2.29x10
0.06 0.047 0397 0.736 0886 0310 0059 1.19x10* 397x10* 441x10° 487x10° 133x10° 23810
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Fig.1 Formation free energy of rare earth inclusions in

new type super duplex stainless steel 2707HD with different
Ce mass percents
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Table 5 Possible transformation reaction among inclusions containing Ce and standard free energy generated

RN G R ﬁ?ﬁiﬁﬁjﬁﬁ‘ﬁ%ﬁﬁ thfE FREAR B AT B thae
AG WA AG® (1873 KD/
@ Ce:05() +[S]=Ce:0:8(s) +[0] 77360—28.48T 24016.96
@ Ce,05(s) +[0]=2Ce0,(s) —275 240+ 140.92T —11296.8
® CeAlOs(s) +[Ce]=Ce,04(s) +[Al] —422100+120.38T —196 628.26
@ CeAlO;(s) +[Ce]+[S]=Ce,0,8(s) +[Al]+[O] 15060—33.3T —47310.9
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Table 6 Gibbs free energy of transformation among inclusions containing Ce

AR A A R AG (1873 KD/J

SINAW LRSS ISR N
w([Ce])=0.03% w([Ce])=0.06%
@ Ce,0,(s)+[S]=Ce,0,S(s)+[0] —1175 5254
@ Ce:0,(s) +[0] =2Ce0,(s) 122979 129 398
® CeAlO;(s)+[Ce]=Ce:0:(s)+[Al] —61572 —72138
@ CeAlO:(s)+[Ce]+[S]=Ce.0.8(s) +[Al]+[O] —60 409 —64 544
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Fig.2 Constitution diagram of inclusion in specimens with different Ce mass percents
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