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Effect of the Small Addition of Ti on the Mechanical
Properties of Hot Direct Rolled Steel Sheets
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Synopsis :

Kazutoshi KUNISHIGE and Noriaki NAGAO

The effect of a small addition of titanium on the mechanical properties of hot direct rolled steels was ex-
amined in the laboratory simulation. The small addition of titanium increases the strength of hot direct roll-
ed steels, however the strength of conventional reheating hot rolled steels does not change with the small
addition of titanium. The ferrite grain refinement of hot direct rolled steels is also observed with the small

addition of titanium.

In hot direct rolling process, titanium seems to be mostly solute during the cooling stage from solidifica-
tion to the start of hot rolling, and to precipitate as fine carbides/nitrides during or after hot rolling. The
dependence of the strength and low temperature toughness on the nitrogen content in the titanium bearing
hot direct rolled steels suggests that the strength in low nitrogen steels is due to the fine TiC precipitates

and TiN precipitates for high nitrogen steels.
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Table 1. Chemical composition of steels (wt% ).

Steel C Si Mn P S Al N Others

A 0.07 0.19 1.06 0.003 0.004 0.046 0.0041
B 0.07 0.19 1.04 0.003 0.005 0.051 0.0051
C 0.07 0.17 0.99 0.003 0.005 0.043 0.0048

0.04 Nb
0.09V
0.02 Ti
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Table 2. Chemical composition of steels (wt% ).
Process C Si Mn P ‘ S Al N Ti Note
Conventional 0.06~0.07 0.16~0.18 0.92~0.99 | <0.003 [ 0.003~0.006 | 0.012~0.045 | 0.0047~0.0051 | 0.004~0.016 Middle N
0.06~0.07 0.14~0.21 0.88~1.01 | <0.003 [ 0.004~0.005| 0.016~0.027 | 0.0016~0.0022 | 0.005~0.015 Low N
HDR 0.06~0.07 0.15~0.20 0.91~0.99 | <0.003 [ 0.004~0.005 | 0.012~0.018 | 0.0039~0.0052 | 0.002~0.013 Middle N
0.06 0.18~0.20 0.98~0.99 | <0.003 0.005 0.011~0.012 | 0.0065~0.0071 | 0.007~0.015 High N

Casting (50'x180%x 1)

HDR Process

Rolling : 50‘—»7t(4passes)
FT 850°C

Conv. V) Water Spray (30°C/s)
Process L
' FC (20°C/
,”; 600 °C € (20°C/n)
IRT
Fig. 1. Laboratory simulation method for hot

direct-rolling (HDR) and conventional process.
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Fig. 2. Effect of hot rolling process on the
strength of hot rolled steels.
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Photo. 1. Microstructural change with hot rolling process.
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Fig. 3. Effect of Ti content on the strength of hot
rolled steels.
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Conventional Process

0.002Ti - 0.0041N
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Etchant : 2% Nital
Photo. 2. Microstructural change with Ti content and hot rolling process.

a) Conv. Process (0.008Ti-0.0047N) b) HDR Process (0.008Ti-0.0047N)
Photo. 3. Electron micrographs of Ti bearing steels.
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Fig. 4. Effect of N content on the strength on Ti
bearing hot direct rolled steels.
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Fig. 5. Effect of N content on the relation be-
tween strength and low temperature toughness.

Table 3. Results of Insol. Ti and Nitride analysis (wt% ).

After soaking After rolling After coiling
Insol. Ti N as Nitride Insol. Ti N as Nitride Insol. Ti N as Nitride
HDR 0.002 0.0008 0.008 0.0022 0.009 0.023
Conventional 0.009 0.0027 — — 0.010 0.0029

Steel : 0.08 C-1.0Mn-0.02 Al-0.0033 N-0.011 Ti
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Fig. 6. Results of Insol. Ti of hot direct rolled
steels.
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