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Influence of Carbon Content on Strength and Toughness of
Controlled-rolled Boron Steel

Yasufumi FuJisHIRo, Tamotsu HASHIMOTO and Hiroo OHTANI

Synopsis :

An influence of carbon content on the strength and toughness of Nb-Ti-B steel, which contains 1.5% Mn
or 1.7% Mn finish-rolled at 720°C after heating at 1 050°C then air-cooled or acceleratedly-cooled, was
studied.

The strength of air-cooled plates after the controlled-rolling increases as carbon content increases at C
=0.001 ~ 0.015%, because ferrite becomes fine and TiC, Nb (C, N) precipitate, then decreases at C =
0.015 ~ 0.048%, because microstructure changes from fine-ferrite to coarse — ferrite + pearlite, then in-
creases again at C = 0.048 ~ 0.170%, because the amount of pearlite increases. The change of micros-
tructure and strength decreasing at C = 0.015 ~ 0.048% results from a decrease of the amount of free
boron and free niobium.

The toughness decreases at C = 0.015 ~ 0.048%, because the number of separation decreases by a de-
crease of austenite/ferrite transformation temperature.

The strength and toughness increase, because ferrite becomes fine and pearlite changes to bainite by an
increase of manganese. v

The strength of acceleratedly-cooled plates after the controlled-rolling increases monotonously with an
increase of carbon. Because the microstructure becomes fine, and the secondary phase changes from pear-
lite to martensite by the increase of cooling rate.

Key words : hot rolled product; high strength low alloy steel; alloying element; rolling; phase
transformation ; metallography ; boron steel ; controlled rolling ; low carbon steel ; acceleratedly cooling.
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Table 1. Chemical composition of materials.
wt%
Steel C Si Mn P Nb Ti Sol. Al B (ppm) N (ppm)
Al 0.001 0.19 1.50 0.004 0.002 0.042 0.014 0.024 17 6
A2 0.015 0.17 1.52 0.004 0.002 0.043 0.014 0.028 16 3
A3 0.048 0.15 1.47 0.004 0.002 0.040 0.016 0.030 17 7
Ad 0.080 0.15 1.45 0.004 0.002 0.038 0.016 0.031 13 6
A5 0.170 0.16 1.52 0.004 0.003 0.038 0.017 0.030 11 6
Bl 0.001 0.17 1.75 0.004 0.002 0.044 0.019 0.031 11 5
B2 0.016 0.16 1.73 0.004 0.002 0.042 0.019 0.037 16 5
B3 0.040 0.15 1.75 0.004 0.002 0.039 0.017 0.031 11 3
B4 0.080 0.15 1.72 0.004 0.002 0.040 0.019 0.039 17 8
BS 0.140 0.15 1.72 0.004 0.002 0.039 0.017 0.036 13 9
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Fig. 1. Effect of carbon content on the properties
of 1.5% Mn-Nb-Ti-B steel.
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:0.001%C 0.5°C/s
:0.048%C 0.5°C/s
:0.001%C 27.5°C/s
g:0.048%C 27.5°C/s

b:0.015%C 0.5°C/s
d:0.17%C 0.5°C/s
£f:0.015%C 27.5°C/s
h:0.17%C 27.5°C/s
Photo. 1. Effect of carbon content and cooling

rate after rolling, on microstructures of 1.5%
Mn-Nb-Ti-B steel.
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Fig. 2. Comparison of 1.5% Mn steel and 1.7%
Mn steel in terms of strength and toughness change
aginst carbon content.
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Fig. 3. Comparison of cooling rate after rolling in
terms of strength and toughness change against
carbon content in 1.5% Mn-Nb-Ti-B steel.
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) 2a:0.001%C b:0.016%C c¢:0.040%C d:0.080%C e:0.140%C
Photo. 2. Effect of carbon content on microstructures of 1.7% Mn-Nb-Ti-B steel, air-cooled at

0.5°C/s after rolling.
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Fig. 4. Effect of carbon content on niobium and
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traction. ’
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Photo. 3. Electron micrograph a of steel B4 and
its electron diffraction b.
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Fig. 5. Effect of carbon content on ferrite grain
size of 1.5wt% Mn-Nb-Ti-B steel air-cooled
after rolling.
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Photo. 4. Effect of carbon con-
tent on electron microstructures
of 1.7% Mn-Nb-Ti-B steel, air-
cooled after rolling.
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Fig. 11. Effect of reheating on strength and
toughness change of plates cooled at 27.5°C/s,
against carbon content.
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Fig. 12. Effect of carbon content on the maximum
value of separation index, SI,,,..
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