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Table 1 Chemical compositions of the tested steels W /%
I c Si Mn P S Cr Ti B Al La Ce
15 1.05 0.3 14.0 0.0074  0.0049 0.4 0.017 0.002 4 0.42 -
2% 1.06 0.3 13.8 0.0082  0.000 4 0.4 0.016 0.002 5 0.39 0.009 5 0.037
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Fig. 1 Location of ingot and metallographic sampling
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Fig. 2 Metallography at different positions of No.1 steel
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Fig. 3 Metallography of experiment steel No. 2 at different positions
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Fig. 4 Equiaxed grain secondary dendrite spacing before and after
modification of experimental steel
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Fig. 5 SEM morphology of sampling position 2 for steel 1 and 2
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Table 2 EDS analysis results of each point at sampling location 2 W /%
(A-S Fe Mn Si c Al Cr La Ce ¢} S
1 71.41 14.28 0.21 13.33 0.35 0.43
2 79.41 12.03 0.29 7.40 0.47 0.40
3 22.76 4.34 10.08 27.77 21.28 7.58 6.18
4 72.31 14.12 0.21 12.52 0.38 0.46
5 78.89 12.42 0.36 7.51 0.44 0.38
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Fig. 6 XRD patterns of two experimental steels
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Fig.7 Metallographic photos of inclusions in No.1 and No.2 steel
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Table 3 Proportion of inclusions with different areas in two experimental steels %
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25 32 28 10 10 0
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Fig. 8 Morphology and energy spectrum of TiNinclusions in No.1 steel
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Fig. 9 Morphology and surface scanning of MnS-Al,O; inclusion in No.1 steel
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Fig. 10 Rare earth oxides in No. 2 steel
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Fig. 11 Rare earth composite inclusions in No. 2 steel
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Fig. 12 Transverse impact toughness of two experimental steels
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Table 4 Microhardness (HV10) testing of two
experimental steels

AR iK1 M2 A3 I
15305 224 222 218 221
255 238 237 239 238
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Effect of Mixed Rare Earth La, Ce on the Microstructure and Inclusion

Modification of Cast High Manganese Steel
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Abstract:

The effect of La-Ce mixed rare earth elements on the microstructure, inclusions, and mechanical properties
of cast high manganese steel was studied by using trace rare earth La-Ce microalloyed high manganese cast
steel for modification treatment, and detection methods such as metallographic microscope, scanning electron
microscope, energy dispersive spectrometer, impact testing machine, and microhardness tester. The results
show that a trace amount of rare earth La-Ce shortens the columnar crystal zone, expands the equiaxed crystal
zone, reduces the secondary dendrite spacing, and refines the grain boundary carbides in the as-cast structure
of high manganese steel. At the same time, the inclusions in the steel undergo denaturation, transforming
from polygonal TiN, Al,O,, and MnS composite inclusions into ellipsoidal or spherical rare earth containing
composite inclusions. Rare earth La-Ce improves the impact toughness and microhardness of as cast high
manganese steel. The transverse impact energy increases by 32.3%, 67.5%, and 170.0% respectively at 0 °C ,
-20 °C , and -40 °C test temperatures, and the low-temperature toughness improvement is more significant.
The microhardness HV10 has been increased from 221 to 238.
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high manganese steel; rare earth; inclusions; impact energy
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