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Effects of second phase particle dispersion on the
diffusion-controlled transformation behavior in Fe-C alloy
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This thesis deals with the retarding effect of insolvable particles on peritectic transforma-
tion and a to y transformation. During the continuous casting process of peritectic carbon
steels, coarse austenite ( y ) grains are usually formed, which causes harmful effects on hot
ductility and the occurrence of surface cracking of the cast slabs. It has been widely reported
that the rapid grain growth of y grains during solidification takes place immediately after
the completion of the transformation into y single phase. Hence, the delay in the formation
of y phase by reducing the migration velocity of the 6 /y and L/y interfaces is prefer-
able for the y grain refinement during continuous casting. On the other hand, before the
hot rolling process, carbon steels generally experience reheating, during which the reverse y
transformation occurs above the eutectoid temperature. It is important to refine the reversely
transformed y grain structure, since fine grain structures of reversely transformed y lead
to a refinement of the low temperature structures, which contributes to good combination of
mechanical properties. The retarding on reverse transformation could prompt the occurrence
of nucleation event resulting in the refinement of reversely transformed y grains. Based on
these facts, comprehensive understanding on retarding peritectic transformation and reverse
transformation (a ferrite to y transformation in the present study) by insolvable particles is
an essential issue, which has not been reported.

The effects of insolvable particles (Zirconia particles) in terms of different particle vol-
ume fraction and particle radius on rate of isothermal peritectic transformation at 1718 K
were investigated by a solid/liquid diffusion couple experiment. Based on the microstruc-
ture observation, the migration distances of & -ferrite ( & )/austenite ( y ) interface and Liquid
(L)/austenite (y) interface were measured. It was found that the particles retard the mi-
gration of 8/y interface and the retarding effect becomes significant with higher particle
volume fraction or smaller particle radius. Interestingly, the velocity of L/y interface is
also decreased due to the particle addition, although it does not meet any particle. This phe-
nomenon is explained by the mass balance of carbon during peritectic transformation. For
a better understanding of the experimental findings, the 2-D multi-phase field simulations
were performed, by which the migration behavior of § /y and L/y interfaces during peri-
tectic transformation was investigated. When &/y interface passes over particles, due to
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the vanishment of the §/y interface upon contact between the particle and the interface, the
increment of interfacial area (energy) of §/y interface occurs during this process, which
should be the main reason for the appearance of particle retarding effect. Importantly, it was
confirmed that the migration of L/y interface becomes slow because of the dispersed par-
ticles. It was attempted to claim that the interfacial energy between matrix and particle has
significant influence on the strength of retarding effect. Moreover, the experimental findings
mentioned above are qualitatively confirmed by the simulation results.

An isothermal a/y transformation at 1133 K was artificially constructed by a diffusion
couple experiment to study the retarding effects of fine Titanium dioxide and big Zirconia
particles. Based on the experimental results, Titanium dioxide particles exhibit obvious re-
tarding effect on a to y transformation, which increases with the particle volume fraction.
However, the retarding effect for Zirconia particles is quite slight in comparison with that
on peritectic transformation. In the following multi-phase field simulations, the decreased
retarding effect of Zirconia particles is explained by the carbon pile-up in y phase due to
the addition of particles, which counteracts the pinning force. On the other hand, when the
pinnirig force is strong enough to overcome the opposite carbon pile-up effect, one can ob-
serve obvious retarding effect. Based on this fact, the experimental finding that fine Titanium
dioxide particles owe obvious retarding effect is explained, since strong pinning force was
generated due to the smaller particle size. Additionally, the magnitude difference in a/p
and y /p, the interfacial energy between matrix (o or y ) and particle, is proved to be one
important factor that affects the strength of retarding effect significantly.
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Effects of second phase particle dispersion on the
diffusion-controlled transformation behavior in Fe-C alloy
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