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Table 1 Chemical compositions of the test bars (/%)
Samples C N S P Al Si Cr Mo Ce Fe
1# 0.0017 0.0031 0.002 0.008 0.0091 0.11 30.9 2.11 - Bal.
2# 0.0020 0.0026 0.002 0.007 0.0050 0.22 31.2 2.01 0.05 Bal.
3# 0.0020 0.0027 0.002 0.009 0.0027 0.23 315 2.00 0.07 Bal.
4 0.0021 0.0017 0.002 0.008 0.0013 0.22 31.3 1.98 0.1 Bal.
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Fig.1 Dimensions of tensile test bar at room temperature

2.1 SBSEIELAYE

2 JyAN[A] Ce & Cr30Mo2 4Mi WA L. 7]
LB H, 0 Ce %2 520 Cr30Mo2 4R 1) df ki T .
KINN Ce 1 Cr30Mo2 B HF A KEK &, ks
PR ZE, PRS2 2.7 mm (B 2a); Ce i
BN 0.05%HF, Cr30Mo2 4K & il 2k, A2
PEE RS, CPIARLR ST Z) 1.3 mm (& 2b); W
0.07%Ce i}, Cr30Mo2 44 1) & ki R~ fe /)y, HE 5T,
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Fig.2 Macrostructures of test steels with different Ce contents: (a) without Ce, (b) 0.05%, (c) 0.07%, and (d) 0.10%
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Fig.4 SEM images of typical inclusion distribution in test steels with different Ce contents: (a) without Ce, (b) 0.05%, (c) 0.07%,

and (d) 0.10%
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Fig.5 SEM images and the corresponding EDS analysis results of typical inclusions of test steels with different Ce contents: (a) without

Ce, (b) 0.05%, (c, €) 0.07%, and (d) 0.10%



59 POl #it Ce X #i& Cr3a0Mo2 itk R MANAANALLLS Ty 2R RE I

©3291 -

6 IRERAN T M A YT S TEM [ v F EDS Jo & I 4 6
Fig.6 TEM images and EDS element mapping of typical inclusions of test steels without Ce (a) and with Ce content of 0.07% (b)
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Fig.7 Yield strength, tensile strength and yield ratio of test steels

with different Ce contents
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Fig.8 Elongation and section shrinkage of the test steels with

different Ce contents after fracture
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Fig.9 Tensile fracture morphologies of test steels with different Ce contents at room temperature: (a) without Ce, (b) 0.05%, (c, d) 0.07%,
and (e, f) 0.10%

R 2 Ce0i6-Fe TE R K RAMIEEE

Table 2 Misfit of directions and planes in Ce,O /5-Fe system

Case [hkI]s [hkI], dipag/nm dgpag,/nm 019 d[hki]s cosinm  o/%
[1210] Ce,0s  [001] 5-Fe  0.3891 0.29315 0 0.3891

(0001) Ce,0s]|(110) 5-Fe [2110] Ce,0;  [111] 6-Fe  0.3891 0.25396 5.26 0.3875 49.3
[1010] Ce;0s  [110] o-Fe  0.6739 0.41457 0 0.6739
[1210] Ce;0s  [010] 6-Fe  0.3891 0.29315 0 0.3891

(0001) Ce;04]|(100) o-Fe [2110] Ce,05  [011] 6-Fe  0.3891 0.41457 15 0.3758 57.3
[1010] Ce,0s  [001] 5-Fe  0.6739 0.29315 0 0.6739
[1210] Ce;0s  [110] o-Fe  0.3891 0.41457 0 0.3891

(0001) Ce,Os||(111) J-Fe [1100] Ce,05  [121] 5-Fe  0.6739 0.71804 0 0.6739 6.1
[2110] Ce,0;  [011] 5-Fe  0.3891 0.41457 0 0.3891

3 & it

B, RPN, TERER RO 5.
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H=IEH] 0.07%0, Cr30Mo2 4N ik ~F 418 0.45
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Z1°4 0.51 mm.

2) [ii# Ce SN Cr30Mo2 #XHh Je 24 & B AN
WRAIC, 4 Ce I 0.19IN Je 2k & LS 0.048%,
ERSFRT 5 um 4 A T 0.07%Ce WA 5.
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Ce MUK FBRIRE A Fe e /b Ce,05, HHEMLE G R

4) i Ce Aefip R EHLTT Cr30Mo2 W1+ =R %
PE, RII0 Ce B, Cr30Mo2 4X 85 14 b i 11 R AN 1.5%
it JESRILZ 0.94, Wi UG RAREIA, R
11 0.07%Ce J&, W5 (B Z b 5 AT ik 20%, e 9 EEZ
0.67, Wia Ty AR AL IR R T2
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Effects of Cerium Addition on Solidification Structure and Mechanical Properties of
Cr30Mo2 Super Ferritic Stainless Steel

Duan Chaohui *?, Ning Likui’, Zhu Yangyang'?, Tan Zheng®, Liu Enze’, Tong Jian®, Li Haiying®,
Wang Zengrui®, Zheng Zhi'
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(3. Shenyang Foundry Research Institute Co., Ltd, Shenyang 110016, China)

Abstract: The effect of different Ce contents on the microstructure and mechanical properties of Cr30Mo2 super ferrite stainless steel was

studied. The results show that the types of inclusion in the Cr30Mo2 super ferrite stainless steel are mainly Cr-rich oxides and Al-Si

composite oxides with irregular shapes, which are converted into Ce,Oj3 after Ce addition and spherical composite inclusions rich in Al and
Si in the core and Al and Ce in the outer layer, with small size, round shape and the significantly reduced inclusion content. Ce,O3 can be
used as heterogeneous nucleation core, which can increase casting nucleation rate and reduce grain size. However, excessive Ce content
results in abnormal increase of grain size. Trace Ce can significantly improve the plasticity of Cr30Moz2 stainless steel at room temperature.
Adding 0.07wt% Ce can increase the elongation after fracture of Cr30Mo2 super ferritic stainless steel castings from 1.5% to about 20%.
Key words: Cr30Mo2 super ferrite stainless steel; casting; Ce; grain size; oxide inclusion; mechanical properties
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