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Mechanical Properties of Nb-containing Low-carbon Steels

Produced by Direct Rolling

Masahiko ODA, Hiroshi KuBo, Osamu AKISUE and Kichi NAKAZAWA

Synopsis:

The effect of hot rolling starting temperature on mechanical properties of Nb-containing low-carbon
steels produced by continuous casting-direct rolling process was studied. Experiments were carried out by
using a continuous casting machine and a hot strip mill at Hirohata works.

As a result, when the hot rolling starting temperature was at 1 020°C, yield point and tensile strength of
the hot band produced by direct rolling process were lower than those by conventional reheat process.
When the hot rollling starting temperature was at 1 130°C and finishing temperature was lower than 850°C,
tensile strength and toughness of the hot band produced by direct rolling process were almost same as those

by reheat process.

In this condition, precipitates of Nb (C, N) were effectively formed during hot rolling, and these were

usefull for grain refining.

Key words : direct rolling ; Nb-containing low-carbon steel ; precipitation ; Nb (C, N); mechanical propertie ;

tensile strength ; toughness.
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Table 1. Chemical compositions of steels (wt%).
Steel C Si Mn P S Al Nb Ti N
A 0.10 0.24 0.96 0.013 0.004 0.008 0.026 — 0.0041
B 0.05 0.21 1,57 0.011 0.003 0.014 0.057 0.023 0.0032
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Fig. 1. Slab temperature changes during con-
tinuous casting-direct rolling process.
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Table 2. Hot rolling conditions.
Location
—0ce RFT RT FT, FT CT
Process in width 5 RM o o0 FM o8 :
direction C c c c C
Direct rolling Center — 250 mm 940 980 35 mm 820 660~ 640
A (10 pass)
Reheat Center 1280 — 35 mm 1030 990 —6 mm 820 660~640
Center 940 910 850
Direct rolling — 160
Edge 250 mm — 790 50 mm 750
B (7 pass)
Center —50 mm 890~950 880~940 =13 mm 800~850
Reheat 1150~1 250 100~350
Edge — 910 810
RFT : Reheating temperature RT : Rougher roling finishing temperature
FTy : Finish rolling starting temperature FT; : Finish rolling temperature
CT: Coiling temperature
RM : Rougher rolling pass schedure FM : Finish rolling pass schedure
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Fig. 2. Profile of tensile strength, yield point and
elongation in coil width direction of hot band of
steel A rolled by direct rolling process, compared
to hot band rolled by conventional reheat process.
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Fig. 3. Profile of tensile strength, yield point and
elongation in coil width direction of hot band of
steel B rolled by direct rolling process, compared
to hot band rolled by conventional reheat process.
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Fig. 4. Effect of reheating temperature on tensile
strength, yield point and elongation of steel B.
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Fig. 5. Effect of coiling temperature on tensile
strength, yield point and elongation of steel B.
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Fig. 6. Effect of finishing temperature on V notch
charpy impact energy at —120°C of steel B.
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Photo. 1. Micro structures of hot rolled coils.

Table 3. Nb as Nb(CN)/ T.Nb and Ti as TiN/ T.
Ti in hot bands obtained by direct rolling process
and reheating one.

Nb as Nb(CN)/ T.Nb (%) | Ti as TiN/ T. Ti(%)

Process

Center

Edge

Center

Edge

Direct rolling
Reheat

35
25

65
25

30
50

60
50
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Fig. 7. Nb (CN) precipitation time-temperature

diagram obtained by laboratory experimentals and
slab temperature change in continuous casting-
direct rolling process.
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