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Effect of Nb-V Alloying on the Microstructure and Properties of
High Manganese Steel Frog
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Abstract: Alloying of common high manganese steel Mn13 by Nb and V and their effect on microstructure and properties
have been studied. The results show that due to the large of very fine and hard Nb(C,N) and V(C,N) particles precipitated,
the grain of Nb-V alloyed high manganese steel frog is refined 1~2 grades compared to that of common Mn13 steel frog.
Compared with the common ZGMn13 frog, the mechanical properties of Nb and V alloyed high manganese steel frog are
improved effectively, the yield strength, tensile strength and impact energy are increased by 28%, 11% and 10%
respectively. The improved properties inhibit the initiation of horizontal cracks in the point rail during service caused by
explosion hardening. The service life of Nb-V alloyed high manganese steel frog is increased from original 150 million tons
to more 250 million tons.
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Fig.1 Schematic analysis of the cause of horizontal crack initiation in the high manganese frog point rail by explosion hardening
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Tab.1 Chemical composition of the experimental steels

RN T C Mn Si P S Nb \Y%

Mnl3 1.15 1252 <0.1 <0.1 <0.1

Mn13NbV 1.25 1320 <0.1 <0.1 <0.1 0.08 042
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Fig.2 Microstructure and grain boundaries of heat treated Mn13 and Nb-V alloyed high manganese steel
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Fig.3 Microstructure at 10mm below the top surface of the point rail for Mn13 and Nb-V alloyed high manganese after three explosion
hardening
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Fig.4 Engineering stress-strain curves of Mnl3 and Nb-V
alloyed high manganese steels
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Fig.5 Variation of hardness gradient of the hardened layer after
three explosion hardening of Mn13 and Nb-V high manganese

alloyed point rails
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Fig.6 Tensile curves at different depths within 20 mm below the
top surface of the frog point rail for Mn13 and Nb-V alloyed
high manganese after three explosion hardening
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Tab.2 Mechanical properties of Mn13 and Nb-V alloyed high manganese steel point rails before and after explosion
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Fig.7 Pictures of common Mn13 and Nb-V alloyed high manganese steel point rails after test under the same service condition. When
horizontal crack appears at the sub-surface of common Mn13 point rail (showing in the ellipse), the same location of the Nb-V alloyed
high manganese steel point rail remains well
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