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Abstract

In order to obtain a good performance and predict the properties of alloys, it is
necessary to control the contents of alloying elements and to evaluate a largest
inclusion in the product. Thus, improved techniques for both control of alloy
elements and evaluation of the large inclusion in products will enable us to
provide better qualities of the final products.

In the case of one Ni alloy, (NW2201, >99 mass%Ni), the precise control
technique of Mg content is important to obtain a good hot-workability. Hereby,
the slag/metal reaction experiments in a laboratory have been carried out
at 1873 K, so that the equilibrium Mg content and kinetic behavior can be
understood. More addition of Al in the melt as well as higher CaO/Al2O3
value of slag resulted in higher amount of Mg content in Ni. For the same
conditions of Al content and slag composition, the mass transfer coefficient
of Mg in molten Ni was determined as 0.0175 cm/s. By applying several
countermeasures regarding the equilibrium and kinetic process to the plant
trials, the value of the standard deviation for the Mg content in an alloy was
decreased till 0.003 from 0.007 mass%.

The size measurements of largest inclusions in the various alloys (an
Fe-10mass%Ni alloy, 17CrMo4 of low-C steel and 304 stainless steel) were
carried out by using statistics of extreme values (SEV). In order to improve the
prediction accuracy of this method, three dimensional (3D) observations were
applied after electrolytic extraction. In addition, the relationship of extreme
value distribution (EVD) in the different stages of the production processes
was studied. This was done to predict the largest inclusion in the products at an
early stage of the process.

A comparison of EVDs for single Al2O3 inclusion particles obtained by
2D and 3D observations has clarified that 3D observations result in more
accurate EVD because of the absence of pores. Also, it was found that EVD of
clusters were larger than that of single particles. In addition, when applying
SEV to sulfide inclusions with various morphologies, especially for elongated
sulfides, the real maximum sizes of them were able to be measured by 3D
observations. Geometrical considerations of these particles clarified the
possibility of an appearance of the real maximum inclusion sizes on a cross
section to be low. The EVDs of deoxidation products in 304 stainless steel
showed good agreement between the molten steel and slab samples of the same
heat. Furthermore, the EVD of fractured inclusion lengths in the rolled steel
were estimated from the initial sizes of undeformed inclusions which were
equivalent with fragmented inclusions. On the other hand, from the viewpoint
of inclusion width, EVD obtained from perpendicular cross section of strips
was found to be useful to predict the largest inclusion in the final product with
less time consumption compared to a slab sample.
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In summary, it can be concluded that the improvement of the techniques
by this study has enabled to precisely control of alloy compositions as well as
to evaluate the largest inclusion size in them more accurately and at an earlier
stage of the production process.
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