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Figure 8.  Recyclability of impurity elements in scrap. 

Figure 9.  Relationships between atomic percent and 
mechanical properties of Cu, Ni, Cr and Sn-containing 
titanium-bearing extralow-carbon steel sheets [2]. 
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Figure 10.  The effect of Cu and P on the corrosion resistant property. 

Figure 11.  Effect of heating temperature on the surface cracking caused by Cu and Sn [3]. 

IF Steel Sheets Produced by Batch Annealing Process 

Although it is well known that the formability of IF steel sheets is improved as annealing 
temperature is raised, the annealing temperature in batch annealing is impossible to be raised 
beyond the critical temperature due to thermal sticking of the sheet. However, IF steel is actually 
produced by batch annealing in many steel plants throughout the world. It is necessary to pay 
attention to the processing condition in this case. Figure 12 and Figure 13 show the effects of 
coiling temperature and heating rate during annealing on  value respectively [4]. It is obvious 
that the  value of IF steel is almost constant at the both processing conditions in contrast to 
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other steel grades, suggesting that the texture formation of IF steel is not affected by the 
precipitation at earlier stages of recrystallization, but affected by interstitial-free matrix and the 
inhibition during grain growth. Akamatsu [5] studied the favorable processing condition for Nb 
containing IF steel annealed by batch annealing process. Figure 14 shows the most favorite 
content of Nb for value is located at Nb/C = 11, and Figure 15 shows that fine precipitates in 
annealing should not be permitted because they inhibit the grain growth after recrystallization. 
As the annealing temperature cannot be raised in batch annealing process, grain refining in hot 
rolled steel sheet and large reduction in cold rolling should be applied in allowable limit. 
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Figure 12.  The effect of coiling temperature on value of steel 
sheet annealed at 700°C for 5 hrs [4]. 
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Figure 13.  The effect of heating rate on  value of steel sheet annealed at 700°C for 5 hrs [4]. 
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