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Effects of Ti and Nb on the Nucleation of Primary Austenite
in Hypoeutectic Cast Iron of Fe-C System

by Hidekazu Miyake, Akira Oxapa, Dr. Eng. and
Ryohei Ozaki, Dr. Eng.

Synopsis:

Experiments were conducted to observe how nucleation and growth of primary austenite (y) of
Fe-C system cast iron change with the addition of titanium (Ti) and niobium (Nb), which form carbides
by reacting with carbon (C) in the melt. The results obtained were discussed both from the structural
observation of carbides and thermodynamics concerning the variation of the amount of carbides formed
(TiC or NbC) and the elements dissolved in the melt during cooling. The atomic concentrations of Ti
and Nb in the melt were nearly equal. The degree of undercooling before nucleation and the amount
of nucleation (number of austenite grains) increase by increasing the Ti content. By increasing the
Ti content the growth morphology of the primary 7 tends to become endogeneous, i.e. the nuclei forined
over the whole area of the melt grow as equiaxed crystals. Nucleation and growth morphology are
scarcely affected by the addition of Nb. Ti carbides are formed in sequence over the range from a high
temperature, 1,500 °C, to eutectic temperature. Most of the Nb carbides are formed at considerably
higher temeprature than liquidus and are scarcely formed at temperature near that of nucleation
of the primary austenite. Consequently the amount of C atoms taken away by Ti from the melt at
the liquidus is extremely larger than that by Nb. It was concluded that the factor governing the
nucleation of 7 is not the carbides or their amount formed before the nucleation of y, but the action
of the elements forming carbides while taking C out of the melt. The newly formed surfaces of the
carbides are the most effective sites for nucleation, since that part is most enriched in Fe. It was also
concluded that the addition of Nb hardly promotes the nucleation, because it takes little C atoms out
of the melt at the nucleation temperature, while the addition of Ti promotes the nucleation by taking
a large quantity of C atoms out of the melt at the nucleation temperature of the primary 7.
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