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Fig.1  Solute distribution during solidification process 
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Fig.2  Solute concentration distribution in liquid and solid phase  

during equilibrium solidification 
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Fig.3  Equilibrium partition coefficient of C and Mn comparing 

with data from literatures

[14,17]

 

1600 1640 1680 1720 1760

0.0

0.2

0.4

0.6

0.8

1.0

 

 k

C

 , K ag aw a et al. exp erimental

 k

Mn

 , Kagawa et al. experimental

 k

Mn

 , Umeda et al. experimen tal

P
a
r
t
i
t
i
o

n
 
C

o
e
f
f
i
c
i
e
n

t
 

Temperature/K

 k

C

 ,  k

Mn

 , Pres ent work

 k

C

 ,  k

Mn

 , Kagawa et al. 

T
e
m
p
e
r
a
t
u
r
e
/
K
 

T* 

ω

i,0

 

ω

S

,

i

 

ω

L

,

i

 

Concentration, ω/% 



� 7�                                ��������������� !"#$%&'(                        )2095) 

O4,���[�*+ !,-�Fe-0.1%C-x% Ce4,

�[o(�=�¨>���¨��Fe-0.25%C- x%Ce

�[o(�=�¨>���¨�� <!Ö4,Cà

"�y¥ Ce \]<[*+ !,-�fgIæà"

� Ce \](�] -) î�# 0Í0.01%Í0.02%Í

0.03%Í0.04%Í0.05%Í0.06%Í0.07%Í0.08%Í0.09%Í

0.1% 11O$%�k=��*+ !,-�Ì(Í̂  Í

�^Îïc0�×®¯&��ÏÐMÕÖ�����

[�*+ !,-�*�ã��âu�&�ß'��

 <>�["#�fg��� 

Fe-0.1%C-x%Ce4,���[�*�*+ !,

-� \]�z���äé 4æç�Eé 4r&(��

�� �p)* Fe-C 4,���[�*� !,-

p;�ø4, �+)]D= 0.05%����[ !

,-� �+),-p;Iø4, +)];=

0.05%.���[� !,-p)/0��1�E�

� p;��[ !,-��Q23¡�z�423¢

¥5r&(��ø64;= 1 ����[�*� !

,-� +)]�p)@,-p;�p7�8Iø6

4D= 1 ����[�*� !,-� \]�p)

p;�Qcû�p79:;<=*/�ø64ï= 1

��<� �\]Ù 0.047%�)=� 0.05%�«�ª

���±²�QÍ>?`&'@�`�&64Ù 1 �

 \]ÙA´��%ÒìB 0.01%� \]KÙ:4

,±²["#�CD +)]�� Fe-0.1%C-x%Ce4

,C@E� +)]FGÙ 0.047%~0.057%�¬[18]

°�� k=* Mn�*+ !,-p;@H�� Mn

�"#�� Fe-0.1%C-x%Ce4,�ø �+)]Ù 0

����[�*�*+ !,-Ù 0.157I@ø4,�

 +) 0.05%.�4,�[�*�*+ !,-p)

} 0.232�p;� 47.7%�k�rZ��� r�8±

²>���[�"#�) Y. Nuri �LIJß 

(EPMA)K�>5�PQ���

[19]

� 

Fe-0.25%C-x%Ce 4,���[�*�*+ !

,-� \]�z���äé 5æç�Eé 5r&(

���� <4, Fe-0.25%C-x%Ce �[�*� !

,-fg��)4, Fe-0.1%C-x%CeLM��� \

]�p)*4,�[�*� !,-p;�E�� 

p;��[ !,-��Q23¡�z�423¢r

&(��ø64Ù 1 ��4,��+)]Ù 0.03%�

ÓL�¥�$ÔrÊË±²4, Fe-0.25%C-x%Ce �

�["#�C@E +)]FGÙ 0.03%~0.04%�ø

4,� �+)]Ù 0 ��[�*� !,-Ù

0.215Iø4,+) 0.04% .�[�*� !,-p

)} 0.277�p)� 28.8%���� <>���[ 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  Fe-0.1%C-x%Ce*	����+����	
#!" 

Fig.4  Effect of Ce on the average equilibrium partition 

coefficient of C in Fe-0.1%C-x%Ce system 
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Fig.5  Effect of Ce on the average equilibrium partition 

coefficient of C in Fe-0.25%C-x%Ce system 
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� 6  Fe-0.1%C-x%Ce*	4567 

Fig.6  Solidification path of Fe-0.1%C-x%Ce system:      

(a) x =0.01 and (b) x= 0.03 

 

 

 

 

 

 

 

 

 

 

� 7  Fe-0.25%C-0.03%Ce*	4567 

Fig.7  Solidification path of Fe-0.25%C-0.03%Ce system 
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� 8  
� Fe-0.25%C-x%Ce��� !"��� 

Fig.8  Effect of Ce on solidification path of Fe-0.25%C-x%Ce system: (a) x=0, (b) x=0.02, (c) x=0.04, and (d) x=0.08 
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Fig.9  Effect of Ce on the equilibrium partition coefficient of C  

in Fe-0.1%C-x%Ce system 
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Fig.10  Changing process of the equilibrium partition coefficient of C in Fe-0.1%C-x%Ce system: (a) x=0; (b) x=0.01, 0.02;  

(c) x=0.03, 0.06, 0.1 
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Thermodynamic Study of Cerium Effect on the Carbon Segregation in Steel 

 

Chen Huabiao, Long Mujun, Chen Dengfu, Huang Yunwei, Gui Lintao, Ma Youguang, Duan Huamei 

(Chongqing University, Chongqing 400044, China) 

 

Abstract: In order to investigate the effect of cerium on the carbon segregation in steel, a thermodynamic calculation mold of equilibrium 

partition coefficient in multi-component alloy was established. The equilibrium partition coefficient of C in Fe-C-Ce system with different 

cerium contents was calculated with Equilib moudle of FactSage. The results show that the effect of cerium on phase transformation is 

remarkable during solidification. The addition of cerium facilitates austenite transformation and enlarges the L+γ coexisting zone. Cerium 

increases the average equilibrium partition coefficient of C, which means it can mitigate the segregation of C in steel. The optimum 

addition amount of cerium to improve the segregation of C in steel is associated with carbon content. For Fe-0.1%C-x%Ce system, the 

optimum addition amount of cerium is from 0.047% to 0.057%. And for Fe-0.25%C-x%Ce system, the optimum addition amount of cerium 

is from 0.03% to 0.04%. 

Key words: cerium; carbon segregation; equilibrium partition coefficient; solidification path 
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