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Table 1  Chemical composition of the samples (ω/%) 

Sample C Si Mn Alt Nb Ce La Fe 

1 0.07 0.03 1.44 0.032 0.030 0 0 Bal. 

2 0.07 0.02 1.50 0.035 0.025 0.0024 0.0012 Bal. 

3 0.07 0.03 1.48 0.038 0.024 0.0032 0.0012 Bal. 

4 0.07 0.02 1.49 0.040 0.024 0.0037 0.0014 Bal. 

 

 

 

 

 

 

 

 

 

 

 

Ð 1  °±ÑÒrsj| 

Fig.1  Lengthways tensile property of product 

 

 

 

 

 

 

 

 

 

 

 

Ð 2  °±ÓÒrsj| 

Fig.2  Transverse tensile property of product 
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Ð 3  ÔÕ La+CecZde,NÓÒ�¶·¸ 

Fig.3  Transverse fracture morphologies of structural steel with different La+Ce contents: (a) 36 µg/g, (b) 44 µg/g, and (c) 51 µg/g 

 

 

 

 

 

 

 

 

 

 

Ð 4  ÔÕ La+CecZde,NÑÒ�¶·¸ 

Fig.4  Lengthways fracture morphologies of structural steel with different La+Ce contents: (a) 36 µg/g, (b) 44 µg/g, and (c) 51 µg/g 
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Ð 5  ÔÕ La+CecZde,NvwÖÁ�mn 

Fig.5  Impact energy of structural steel with different La+Ce contents at –40 � (a, b) and –60 � (c, d): (a, c) transverse and 

(b, d) lengthways 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ð 6  –40 �ÔÕ La+CecZde,NÓÒvw�¶·¸ 

Fig.6  Transverse impact fracture morphologies of structural steel with different La+Ce contents at –40 ×: (a) 0 µg/g, (b) 36 µg/g,  

(c) 44 µg/g, and (d) 51 µg/g 
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 7  –60 ��� La+Ce�������������� 

Fig.7  Transverse impact fracture morphologies of structural steel with different La+Ce contents at –60 �: (a) 0 µg/g, (b) 36 µg/g, 

(c) 44 µg/g, and (d) 51 µg/g 

 

 

 

 

 

 

 

 

 

 

 


 8  � !�"#$��������% EDS&' 

Fig.8  SEM image (a) and EDS spectrum (b) of structural steel without addition of rare earth 

 

 

 

 

 

 

 

 

 

 

 


 9   ! 36 µg/g La+Ce��������% EDS&' 

Fig.9  SEM image (a) and EDS spectrum (b) of structural steel with 36 µg/g La+Ce 
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Abstract: In order to explore the effect of rare earth (RE) element on the strength and toughness of steel, Nb-alloyed steel doped with 

different contents of mixed La+Ce elements, 36 µg/g, 44 µg/g, 51 µg/g and reference sample (no RE) were investigated. The mechanical 

properties and microstructure of the materials were analyzed by tensile test, low temperature impact test and SEM observation coupled 

with EDS. The results indicate that the reduction of Nb and the increase of the La+Ce influence the mechanical properties of 

Fe-0.07%C-0.025%Nb-x% (La+Ce) component system. With the increase of RE, dimples are enlarged and deepened, and the yield strength 

and tensile strength of Nb-alloyed structural steels are increased. Meanwhile, the elongation does not show a significant reduction with the 

increase of RE content. These results demonstrate that the mixed La+Ce rare earth compound is promising to replace the Nb element to 

improve the mechanical properties of the product. The comparison of fracture morphology and absorbed impact energy of different kinds of 

hot rolled steel belt shows that the low-temperature impact toughness maximizes at –40 and –60 °C when the content of La+Ce compounds 

is 36 µg/g, due to the fact that inclusions are modified to form precipitated LaCeO

2

S particles which delays the crack growth. 
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