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Strength, Low Temperature Toughness and Formability of
Thermo-mechanically Treated Ti-bearing Steel Sheet

Synopsis:

Kazutoshi KUNISHIGE, Noriaki NAGAO,

Takashi MATSUOKA and Shigeki HAMAMATSU

Hot strip mills can be used for thermo-mechanically treating steels through various processing param-
eters of rolling and coiling. A laboratory simulation was carried out to study the relationship between
the coiling temperature, microstructure, and mechanical properties of controlled rolled Ti-bearing steel.
Decrease of a coiling temperature from 600°C to a low temperature such as 400°C significantly improved
formability as well as low temperature toughness with a small change in strength. ‘

This type of steel is strenghened mainly by TiC precipitation before coiling, especially during controlled
rolling. The steel coiled conventionally at 600°C is strengthened further by additional TiC precipita-
tion during slow cooling after coiling, while the steel coiled at about 400°C is hardened by bainite trans-
formation instead of by such TiC precipitation. The bainite strengthening is responsible for improving

formability and low temperature toughness.

The laboratory studies have led to the success in the production of 80 kgf/mm? grade Ti-bearing steel
with excellent formability and low temperature toughness.
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Table 1. Chemical composition of steels used (Wt%,).

Steel C Si Mn P S Cr Ti Al N o}
1 0,09 0.29 1.39 0.024 0.003 0. 60 0.16 0.031 0. 0031 0.002
2 0.09 0.29 1.40 0. 005 0. 004 0.62 0.15 0.039 0.0032 0.002
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Fig. 2. Effect of coiling temperature (CT) on the
longitudinal tensile properties of the Ti bearing
steels.
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Fig. 3. Effect of coiling temperature on the
longitudinal Charpy properties of the Ti bear-
ing steels.
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Fig. 4. Change of the longitudinal Charpy values
of the Ti bearing steel (steel 1) with testing
temperature.
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Fig. 5. Effect of coiling temperature on the
values of various formability tests in the Ti
bearing steels.
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Photo. 1. Microstructural change of the Ti bearing steel (steel 1) with coiling temperature.

Photo. 2. Electron micrograph of the Ti bearing
steel (steel 1) coiled at 400°C.

CT 600°C 400°C
extraction replica
Photo. 3. Electron micrographs of Ti bearing

steel (steel 1) with the different coiling temper-
atures.
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Fig. 6. Changes of volume fraction of 2nd phase
and hardness in ferrite and 2nd phases and change
of (1+1) HCI insol Ti with coiling temperature
in 0.169,Ti bearing steel (steel 1).
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Fig. 10. Explanation for the improved mechanical
properties of Ti bearing steel through low tem-
perature coiling.
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Table 2.. Chemical composition of 80 kgf/mm? grade manufacturing trial (wt%).

C Si Mn P S

Cr Ti Al N o}

0.11 0. 52 1. 60 0.010 0.002

0,52 0.074 0.034 0. 0032 0. 002

Table 3. Mechanical properties of manufacturing trial (4.5 mm thick).

Tensile properties (JIS-No. 5) Bending property vTa (C)
Direction YS TS YR EL (sheared edge) 3 mm size
(kgf/mm?) (kgf/mm?) (%) (%) R=0.51t Charpy
Longitudinal 72.3 86. 4 83.7 19.1 good —87
Transverse 76.2 89.5 85.1 17.7 good —9
_ R X 5o LB L.
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