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3.1.2 Crack formation in continuous casting 



 

 



 

 

3.2 Hot ductility of steels 
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3.3 Causes for the loss of hot ductility (second ductility minimum) 

3.3.1 Precipitation-related ductility loss 



 

 



 

 

3.3.2 Transformation-related ductility loss 
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3.4 Factors affecting the hot ductility 

3.4.1 Influence of the chemical composition 

3.4.1.1 Carbon 



 

 

Accounting for the peritectic transformation 
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3.4.1.2 Nitrogen 



 

 

3.4.1.3 Aluminum 



 

 

3.4.1.4 Niobium 



 

 



 

 

3.4.1.5 Titanium 



 

 

 

 



 

 

3.4.1.6 Manganese and sulfur 



 

 



 

 

3.4.2 Influence of the grain size 



 

 

3.4.3 Influence of the thermomechanical history 

 

 

 



 

 

3.4.3.1 Influence of the strain rate 



 

 

 

 

 

 

3.4.3.2 Influence of the cooling rate 



 

 

3.4.3.3 Influence of the thermal treatment 
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4 Experiments 

4.1 Investigated materials 



 

 

4.2 Testing equipment 

4.2.1 Hot tensile testing machine BETA 250-5 
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4.2.1.1 Melting procedure 

Temperature-controlled melting 

Heat-input-controlled melting 
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4.2.1.2 Quenching system 



 

 

4.2.1.3 Experimental setup 
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Hot ductility evaluation 
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4.3 Thermomechanical histories for hot ductility investigations 

4.3.1 Direct on-cooling tests – Low- and Ti-Nb microalloyed steel 



 

 

4.3.1.1 Selected quenching experiments 

Low-alloyed steel 

Ti-Nb microalloyed steel 



 

 

4.3.2 Solution treatment tests – Ti-Nb microalloyed steel 



 

 

4.3.3 Slow cooling tests – Ti-Nb microalloyed steel 



 

 

4.3.4 Surface structure control cooling (SSCC) tests – Ti-Nb microalloyed steel 

4.4 Materials characterization 

4.4.1 Light optical microscopy (LOM) 



 

 

4.4.2 Scanning electron microscopy (SEM) 
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5.1 Results of hot ductility and microstructural investigations 

5.1.1 Direct on-cooling – Low- and Ti-Nb microalloyed steel 



 

 

5.1.1.1 Microstructural investigations – Low-alloyed steel 

Region 1: Testing temperatures 650–700°C 



 

 



 

 

Region 2: Testing temperatures 750–800°C 



 

 

Region 3: Testing temperatures 850–1000°C 

5.1.1.2 Microstructural investigations – Ti-Nb microalloyed steel 

Region 1: Testing temperatures 650–700°C 



 

 

Region 2: Testing temperatures 750–800°C 

Region 3: Testing temperatures 850–1000°C 



 

 

5.1.2 Solution treatment – Ti-Nb microalloyed steel 



 

 

5.1.2.1 Microstructural investigations 

Region 1: Testing temperatures 650–700°C 

Region 2: Testing temperatures 750–800°C 



 

 

Region 3: Testing temperatures 850–1000°C 



 

 

5.1.3 Slow cooling – Ti-Nb microalloyed steel 

5.1.3.1 Microstructural investigations 

Region 1: Testing temperatures 650–700°C 



 

 

Region 2: Testing temperatures 750–800°C 

Region 3: Testing temperatures 850–1000°C 



 

 

5.1.4 Surface structure control cooling – Ti-Nb microalloyed steel 



 

 

5.1.4.1 Microstructural investigations 

Region 1: Testing temperatures 650–700°C 



 

 

Region 2: Testing temperatures 750–800°C 

Region 3: Testing temperatures 850–1000°C 



 

 

5.2 Results of transformation behaviors 

5.2.1 Low-alloyed steel 

5.2.1.1 Equilibrium calculations 
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5.2.1.2 Scheil-Gulliver-calculations 
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5.2.2 Ti-Nb microalloyed steel 

5.2.2.1 Equilibrium calculations 
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5.2.2.2 Scheil-Gulliver-calculations 



 

 



 

 

5.2.2.3 JMatPro-simulations 



 

 

6 Discussion 

6.1 Direct on-cooling – Low- and Ti-Nb microalloyed steel 

6.1.1 Region 3: Testing temperatures 850–1000°C 
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6.1.2 Region 2: Testing temperatures 750–800°C 
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6.1.3 Region 1: Testing temperatures 650–700°C 
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6.1.4 Summary 



 

 



 

 

6.2 Solution treatment – Ti-Nb microalloyed steel 

6.2.1 Region 1: Testing temperatures 650–700°C 



 

 

6.2.2 Regions 2–3: Testing temperatures 750–1000°C 



 

 

6.2.3 Summary 



 

 

6.3 Slow cooling – Ti-Nb microalloyed steel 

6.3.1 Regions 1-3: Testing temperatures 700–1000°C 



 

 



 

 



 

 

6.3.2 Summary 



 

 

6.4 Surface structure control cooling – Ti-Nb microalloyed steel 

6.4.1 Region 1: Testing temperatures 650–700°C 

α-γ 



 

 

6.4.2 Regions 2–3: Testing temperatures 750–1000°C 
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7 Summary and conclusions 



 

 

α γ

α γ

α γ



 

 

Conclusions 

 

 

 

 

 

α

 

 

 



 

 

8 Outlook and commercial implications 
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