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Effect of Rare Earth Ce on the Microstructure and
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Abstract: The microstructure, mechanical properties, wear resistance, and wear mechanism of NM550RE steel alloyed
with 0.001 2% rare-earth w [ Ce] were systematically studied, and compared them with those of conventional NM550
steel. The results show that the conventional NM550 steel has an average original austenite grain size of 9. 48 wm and a
hardness of 553HBW. The addition of Ce refines the grain size, reducing the average austenite grain size to 7. 55 pm and
increasing the hardness to 579HBW. Meanwhile, the impact energy at 40 °C increases from 29. 43 J to 34. 63 J. The G65
abrasive wear test results show that the wear resistance of NM550RE steel is 1. 11 times that of conventional NM550 steel.
After rare-earth modification, the inclusions exhibit better compatibility with the matrix, while the steel possesses a fine
grain size, higher hardness, and toughness. During wear, this helps hinder abrasive particles from penetrating into the ma-
trix and prevents further development of ploughing grooves, thereby reducing their width and depth and resulting in supe-
rior wear resistance.
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Table 1 Chemical composition of the two experimental steels %
LR C Si Mn p S Cr+Nb+V Ti Ce Fe
NMS550 0.33 0.16 0.81 0.004 0 0.001 1 <1.0 0.010 0 Bal.
NM550(RE) 0.33 0.14 0.86 0.004 7 0.000 9 <1.0 0.012 0.001 2 Bal

BT PRSI AN Y 4 A AR A . (a)NMSS0, (b)NMS50 (RE)

Fig. 1 Metallographic micrographs of the two experimental steels : (a)NM550, (b)NM550 (RE)
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Fig. 2 Morphology and grain size distribution of original austenite grains of the two experimental steels : (a) morphology of original

austenite grains of NM550 steel, (b) morphology of original austenite grains of NM550(RE) steel, (¢)grain size distribution of original

austenite grains of NM550 steel, (d)grain size distribution of original austenite grains of NM550 (RE) steel
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Table 2 Mechanical properties of the two experimental steels

RN R ,/MPa R, /MPa TR 4/% =40 “Crpi Ui/ T (HBW)
NM550 1435 1856 123 29.43 553
NMSS0(RE) 1470 1890 119 34.63 579
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Fig. 3 SEM morphology and EDS spectra of inclusions in NM550 (RE) : (a) A1203, (b) MnS, (¢) (Ti, Nb)(C, N), (d) Ce-0-

S, (e) Ce—O-Al-Ca
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Fig. 4 The mechanical properties of the two experimental steels: (a)engineering stress—strain curve, (h)impact energy at =40 °C
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Fig. 5 SEM micrographs of impact fracture at =40 °C of the two experimental steels : (a)NM550, (h)NM550 (RE)
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Table 3 Wear weight loss results of the two experimental steels

RN VB 5 T ek /g JEBUR T /g JEAR K H g PR g AFRT TV
96.203 83 93.848 49 2.35535
NM550 96.214 76 93.868 54 2.346 22 92.351 06 1
96.359 20 94.007 58 2.351 62
95.561 11 93.435 37 2.12574
NM550(RE) 95.500 52 93.372 44 2.128 08 92.123 65 111
95.343 49 93.226 37 2.117 12
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Fig. 6 Wear morphology micrographs of the two experimental steels : (a)(b)(¢)NM550; (d) (e) (f)NM550 (RE)
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