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Effect of Boron on Recrystallization Behavior in Ultra-low Carbon Martensitic Steels

Yuichi FUTAMURA, Tomohiro KAWAMURA, Toshihiro TSUCHIYAMA and Setsuo TAKAKI

Synopsis

Key words:

: The microstructural change of lath martensite during tempering was investigated in ultra-low carbon 9%Cr-1%Ni—(0~80) ppm B martensitic

steels, and then the effect of boron (B) content on the recrystallization behavior was discussed in terms of the relation between driving force
and restraining force for grain boundary bulging. The addition of small amount of B is very effective for the increase in dislocation density of
martensite, but excess addition more than 10 ppm is not so effective. Besides, the B addition works to reduce the spacing of carbide particles
precipitated on grain boundaries with the increase in volume of the particles. The condition for the occurrence of the recrystallization is de-
cided by the energy balance between the driving force (dislocation density) and the restraining force (grain boundary pinning). The recrystal-
lization of martensite is promoted in the low B steel (0~40 ppm B) because the driving force is enlarged owing to the increase in the disloca-
tion density. On the contrary, in the high B steel (40~80 ppm B), the restraining force becomes higher than the driving force because of the
reduction of carbide spacing on grain boundaries, and this leads to a retardation of recrystallization.

ultra-low carbon martensitic steels; boron; recrystallization; grain boundary bulging; dislocation density; carbide spacing; driving force; re-

straining force; grain boundary pinning.
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Table 1. Chemical compositions of steels used. (mass%)

Cr Ni C N B Fe
OBsteel | 912 100 0002 00013 —  bal
10Bsteel | 888 097 0001 00020 00010 bal.
40Bsteel | 891 098 0002 00019 0.0037 bal
80}3:!8&] 891 098 0.002 0.0021 0.0078 bal

Si<0.01 Mn<0.05 P<0.005 S<0.002
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Fig. 1. Comparison between the dislocation density; p,,
measured by X-ray diffractometry and p, calculat-
ed from the hardness in 9%Cr—1%Ni-B steels.
Specimens were water-quenched after the solution
treatment at 1273K for 1.8ks.
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Fig. 3. Relation between hardness and B content in the as-

quenched 9%Cr—1%Ni-B steels.
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Fig. 4. Changes in dislocation density; p,, and martensitic
transformation temperature; Ms as a function of B
content in the 9%Cr—1%Ni-B martensitic steels.
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Fig. 5. Changes in hardness with tempering in 9%Cr—
1%Ni—B martensitic steels. Specimens were tem-
pered at 923K after quenching.
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Fig. 6. Optical micrographs of 0B (a), 40B (b) and 80B (c)
steels which were tempered at 923K for 21 ks.

Fig. 7. Schematic illustrations showing the bulge nucleation and growth mechanism in recrystallization of lath martensite.
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Fig. 8. Relation between dislocation density; p, and B
content in 9%Cr—1%Ni-B steels which were tem-
pered at 923K for 6.6 ks.

Fig. 9. Transmission electron micrographs showing a grain
boundary in 0B (a) and 80B (b) steels which were
tempered at 923K for 6.6 ks.
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Fig. 10. Relation between mean spacing of carbide parti-
cles on grain boundaries and B content. The spac-
ing was measured with SEM in 9%Cr-1%Ni-B

steels which were tempered at 923K for 6.6 ks.
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boundary and B content in the 9%Cr—1%Ni-B
steels tempered at 923K for 6.6ks. The (AG,—
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