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Abstract 

Research on solidification-based routes to grain refine steels in their as-cast state have examined 

titanium and titanium-magnesium additions. These routes are thought to form Ti(C,N) particles that 

act as heterogeneous nuclei for δ-ferrite. However, Ti(C,N) formation in steels can occur at the end of 

solidification where they are known to act as grain growth inhibitors. The research presented employed 

a novel thermal analysis system for steels with ASTM A781 keel block castings to examine both the 

solidification and properties of 1030 and HY100 with these additions. The thermal analysis system 

detected and measured solidification reactions. Tensile testing and metallographic analysis were 

conducted on the test castings to help correlate properties and macrostructure with the solidification 
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 reaction changes. Refinement occurred in some Ti or Mg+Ti additions in both steels. However, the 

liquidus temperatures did not increase as expected. Measurement of the peritectic temperature in these 

alloys also found no discernible difference from baseline heats. TiN particles were observed in both 

steels and MgO inclusions were found to act as nuclei for the TiN particles. Refinement of the structure 

occurred in 1030 to a significant degree while it was less pronounced in HY100. This correlated with 

the resulting mechanical properties with those heats with the finer structures having better properties. 

The lack of change in liquidus despite the presence of TiN particles in the steels appears to support 

the theory they are acting as grain growth inhibitors instead of heterogeneous nuclei. TiN particles 

appear to form in the late stages of solidification where they cannot act as nuclei; however, they can 

still effectively pin austenite grain boundaries and prevent grain growth which results in the finer 

structure observed. This correlates well with existing data and industrial experience on titanium based 

microalloy steels. Mg additions did appear to reduce the size of TiN particles in 1030. It appears they 

may act as nuclei for TiN particles and assist in reducing the size of these particles. This finer TiN 

particle size ensures they are not detrimental to mechanical properties. 
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