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Effect of Combined Addition of Niobium and Boron on
Thermomechanically Processed Steel
Hiroshi TAMEHIRO, Masahiko MURATA, Ryuichi HaBu and Michikiko NAGUMO
Synopsis :

In the thermomechanical control process (TMCP) with accelerated cooling, the effect of the combined
addition of boron with a grain-refining element, niobium, vanadium or titanium, on the mechanical prop-
erties and microstructures of low—carbon steels was studied. It was found that although the single ad-
dition of boron has little effect on the steel properties, the combined niobium-boron addition conspicuously
improves the strength and toughness balance. In the case of the single addition of boron, coarse Fe,,-
(CB), precipitates at y—grain boundaries after rolling, and the y-o transformation suppressing effect by boron
is remarkably weakened. Niobium addition to boron steel has the effect of suppressing the precipitation
of Fey3(CB)g and strongly retards the y—« transformation, and hence produces a fine—grained bainitic struc-
ture. Titanium has the same effect as that of niobium, but vanadium does not. The strengthening and
toughening mechanism of steels by the combined niobium—boron addition was also discussed by examining
the effect of alloying elements on the recrystallization stop temperature of y during rolling, y-o transforma- 4
tion behavior and so on.
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Table 1. Chemical compositions of laboratory steels.

(wt%)

Steel C Si Mn P S Nb v Ti B Al N Ceq.®
Base 0. 032 0.15 1. 50 0. 002 0. 0005 — — 0. 020 — 0.025 0.0018 0. 282
B ” " " " " — — ”" 0. 0011 " ” ”
Nb 0. 032 0. 16 1.52 0. 002 0. 0005 0.046 — 0. 020 — 0. 026 0.0019 0. 285
Nb-B " " ” ” 7" ” — ” 0.0011 17 ” ”

Ti 0. 032 0.16 1. 50 0. 002 0. 0005 — — 0.071 — 0. 022 0.0024 0. 284
Ti-B " " " ” " — — ” 0. 0012 " ” ”

\4 0. 030 0.15 1.51 0. 002 0. 0005 — 0.076 0.020 — 0.028 0. 0025 0. 282
V-B ” " " ” " — ” ” 0.0011 ” ”n 0. 297

*) Ceq.=C+Mn/6+ (Ni+Cu ) /154 (Cr+Mo+V) /5
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Fig. 1. Effcet of niobium-boron addition on the
mechanical properties of plate.
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Fig. 2. Effect of titanium-boron addition on the
mechanical properties of plate.
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(a) Base steel, (b) B steel, (c) Nb steel, (d) Nb-B steel
Photo. 1. Microstructural change of plate with alloying element,
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(a) B steel, (b) Nb-B steel
Photo. 2. Transmission electron
micrograph showing microstructure
of plate.
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Fig. 5. Effect of alloying element on the y-a
transformation temperature of plate.
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Fig. 6. Number of polygonal ferrite particles per
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(a) Base Steel, (b) B steel, (c) Nb steel, (d) Nb-B steel, (¢) Ti-B steel, (f) V-B steel
Photo. 3. Distribution of boron in plate observed by FTE method.
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Photo. 4. Transmission electron
micrograph showing precipitates in
steel B plate.
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Fig. 10. Effect of niobium content on the mechan-

Fig. 9. Effect of boron content on the mechanical
properties of plate. Base composition is 0.029 9;
C-1.499,Mn-0.0479,Nb-0.0209,Ti-0.00209%,N.

ical properties of plate. Base composition is
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