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Effect of Rare Earth Ce on the Evolution of Inclusions in
20MnTiB Cold Heading Steel
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Abstract: Industrialized tests were carried out to produce 20MnTiB cold heading steel with different rare earth (Ce) con-
tents, the effect of Ce on the evolution of inclusions during the production of 20MnTiB cold heading steel based on Ca treat-
ment was investigated through experimental observations and thermodynamic calculations. The results show that after Ce
treatment, the large-size spheroidal Al,0,-MgO-Ca0O-CaS inclusions were metamorphosed and decomposed into about 1 pwm
spheroidal CeAlO,-MgO-CaO -CaS inclusions, and irregular inclusions of this type around 2 pm were metamorphosed and
sphericalized. After hot rolling, the inclusions in the OCe specimen wire rod elongated along the rolling direction, the in-
clusions were larger in size and more irregular in shape, in addition, long strips of MnS inclusions were found. However,
in the 27Ce specimen, the S element content was reduced by 40% after Ce treatment, which inhibited the formation of
MnS inclusions during the solidification process, and the small-sized, spherical-like characteristics of the inclusions in the
wire rods did not change after rolling. The thermodynamic calculations are in agreement with the experimental results. Af-
ter Ce treatment, the metamorphic decomposition of large-sized and irregular inclusions, the metamorphic spheroidization
of small-sized and irregular inclusions, and the disappearance of MnS inclusions avoided the stress concentration caused
by the irregular morphology of inclusions in the process of cold heading, which is conducive to the enhancement of the cold
heading performance of the test steel and the reduction of the possibility of cold heading cracking. The results can provide
technical and theoretical support for the further development of new rare earth microalloyed cold heading steels.

Key Words: 20MnTiB Cold Heading Steel; Ca Treatment; Ce Treatment; Inclusion Evolution; Thermodynamic Calcula-
tion
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Fig. 1 Schematic diagram of sampling nodes
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Table 1 Chemical composition of sample steels %
LW C Si Mn P S 0 N Als Ca Ti B Cr Ce
0Ce 0.2 0.26 1.43 0.016 0.005 0.000 8 0.004 8 0.040 0.002 1 0.049 0.002 1 0.018 0
27Ce 0.2 0.25 1.38 0.015 0.003 0.000 7 0.005 3 0.041 0.0019 0.049 0.001 9 0.016 0.002 7
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Fig. 2 Schematic diagram of sample sampling: (a) sampling

of steel water samples, (b) sampling of hot rolled wire rods
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Fig. 3 SEM morphology and EDS analysis of typical inclusions in steel after LF inbound
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Fig. 4 SEM morphology and EDS analysis of typical inclusions in steel after Ca—treated
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Fig. 6 SEM morphology and EDS analysis of typical inclusions in the tundish : (a) =(c¢) 0Ce; (d) -(f) 27Ce
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Fig. 7 SEM morphology and EDS analysis of typical inclusions in the longitudinal section of hot rolled wire rod: (a) — (d) 0Ce; (e)
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Table 2 Standard free energies for the generation of Ce—
containing inclusions in steel
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Table 3 Activity interaction coefficients for the elements of interest in the molten steel at 1 873 K

JLE C Si Mn S P Al 0 Ce N
Ce -0.007 - 0.130 -8.360 1.770 -2.250 -5.03 -0.003 -6.612
0 -0.045 -0.131 0 -0.021 -0.133 -0.070 -0.200 -0.20 -0.570 0.057
S 0.110 0.063 0 -0.026 -0.028 0.029 -0.270 -0.27 1.910 0.010
Al 0.091 0.005 6 -0.035 0.030 0.033 0.045 -6.60 -0.430 -0.058
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Table 4 Activity interaction coefficients for the elements of interest in the molten steel at 1 826 K

JLE C Si Mn S P Al 0 Ce N
Ce -0.007 - 0.144 -8.569 1.814 -2.306 -5.030 -0.003 -6.777
0 -0.046 -0.134 -0.022 -0.136 -0.072 -0.205 -0.200 -0.584 0.058
S 0.113 0.065 -0.027 -0.029 0.030 -0.270 -0.278 1.958 0.010
Al 0.093 0.006 -0.036 0.031 0.034 0.047 -6.765 -0.441 -0.059
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Table 5 Calculation results of the relevant activities of the
elements concerned in the molten steel at 1 826 K

B8 S 0 Ce Al
o 0.003 02 0.000 58 0.003 13 0.037 97
lgf -0.004 0 -0.084 3 0.064 8 -0.033 3

6 1826 KBNS Ce KLME BRI E HBE
Table 6 Standard free energies for the generation of Ce—
containing inclusions in steel at 1 826 K

NS dnE:y AG/(J+mol™)  AG’(1873 K)/(J-mol™")
[Cel+2[0]=Ce0,(s) 852720 + 249.96T -82 468.63
[Cel+3/2[0]= B _
112Ce,0,(s) 715100 + 179.5T 130 078.02
[Cel+[S]=CeS(s) -394428 + 121T 2 154.55
[Cel+3/2[S]= _ -
172Ce,5,(s) 536950 + 163T 19 630.53
[Cel+4/3[S]= _
1/3CeS,(s) 498147 + 146.3T 7395.31
[Cel+[O]+1/2[S]= B
112Ce,0.5(6) 675700 + 165.5T 128 766.52
[Cel+3[0]+[Al]= _ _
CeAlO(s) 1366460 + 364.3T 224 627.33
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Fig. 10
for inclusions with different Ce contents (0. 002 7% Ce)

(a) Gibbs free energy of inclusions with different Ce contents (1 826 K), (b) Generated Gibbs free energy with temperature
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mechanism of inclusions in steel
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