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Abstract

Research was conducted to understand the nucleation mechanism of
graphite flakes and nodules and the effect of various elements on the growth
morphology of graphite. Investigations were started on flake graphite cast
iron. The effect of S on the graphite morphology and MnS was experimentally
analysed. The influence of various type of oxides on the growth morphology
of MnS and their relation with the graphite growth morphology was studied
carefully through series of experiments, and results were related to the
thermodynamic calculations, performed to predict the nucleation of oxides
and sulfides at any temperature. The calculations were supported by EDX
analysis on particles in the samples, showing sequential nucleation of flake
graphite. The austenite volume fraction and the dendrite growth orientations
were affected by the addition of Al to the melt. The effect of aluminium oxide
and sulfur was studied on the austenite growth morphology with the help of
colour etching technique. Thermal analyses were performed to study the effect
of sulfur content on austenite volume fraction and growth morphology using
DSC. The latent heat of solidification and the rate of austenite formation was
studied and related to the sulfur content in the alloy.

To study the effect of O and S on the graphite morphology, pure Fe-C alloy
was prepared and strong de-oxidizers and de-sulfurizer (Mg, Ca and Sr) were
tested. With the help of ion etching and polishing, we were able to reveal the
graphite growth morphology. The morphological changes in the graphite were
explained by relating it to the composition of the melt in regard of dissolved
S and O in the melt. The effect of other trace elements such as S, F, O, N, P,
B and Se, was also investigated by testing them on an ultra-pure Fe-C alloy.
The possibility of substituting a foreign atom in the basal plane of graphite was
analysed based on the bonding energy between C and the foreign atoms. The
resulting change in the structure of the basal plane was studied using Avogadro
software and the resulting model were compared with the experimental results.
The basal plane of nodular, flake and undercooled graphite was studied with
the help of HRTEM, which showed differences in the lattice spacing between
different graphite morphologies. The latent heat measurement showed that
flake graphite have higher energy than the undercooled or vermicular graphite.
This research made us enabled to tell about the growth along c-plane in
graphite and the reason behind the transition of graphite morphology.

The effect of inoculation temperature and inoculation sequence on the
nodularity was studied. EDX analysis were performed and the results were
compared to the thermodynamic calculations.  It was found that, the melt
composition is controlling the graphite growth morphologies. Strong de-
oxidizers and de-sulfurizer are necessary to reduce O and S to a level where
it does not influence the graphite growth morphology. The effect of various
elements on the activity of oxygen in the melt is calculated. High Al cast iron
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was also studied. The major problem associated with this type of alloy was that,
the Mg was not effective in producing nodular graphite. Experiments showed
that de-oxidizers stronger than Mg are required to increase the nodularity.
Thermodynamic calculations showed that the activity of oxygen in the melt was
changing strongly by increasing the Al content in the alloy. This was increasing
the required oxygen level to nucleate MgO.
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