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SUMMARY

In the present work, the microstructure and the solidification conditions of the
rapidly solidified Ag-Cu and Al-Cu lamellar eutectic alloys, have been studied.
The experimental work includes the preparation of three alloys representing the
hypo-eutectic, eutectic and hyper-eutectic compositions for each alloying
system. Levitation casting technigue was used in order to achieve the concept
of rapid solidification. Sunple pouring casting technique was additionally nsed
for Al-Cu alloys it order to produce a wide range of interlamellar spacing and
undercooling. The cooling curves were recorded during the experimental work
and the values of the cooling rate and the corresponding undercooling were
calculated and correlated together. Simple heat flow model have been used in

order to calculate the growth rate during the solidification of the Al-Cu alloys.

The thermodynamic basis of the phase diagram calculation incorperated with
the lattice faults that can be arisen due to rapid solidification were used in order
to establish anew eutectic growth model. Finally, the proposed lamellar
eutectic growth model was verified through the experimental results of the

Al-Aly, Culamellar eutectic.

The main experimental resolts indicated the ease with which the Ag-Cu
lamellar euotectic alloys can be solidified with non-lamellar morphology by
using rapid solidification. For Al-Al; Cu alloy, the A-v relationship was found
to follow the same relation given in previous work, while the AT-A and AT-v
relationships were found in disagreement with the relations of previous work.
Increasing lattice defect led to a deviation in the equilibrium phase diagram of
the Al-Aly Cu. Accordingly, a new underccoling term, ATeq, was added mto
the general undercooling equation, then it was possible to recalculate the
theoretical relations of A-v, AT-A and AT-v bwv considering that the eutectic
lamellar growth will be at the minimum undercooling condition as previous
work have been indicated. These relationships were successfully verified

through the experimental results of AT, vand A.
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INTRODUCTION

The application of different cooling rates on crystalline metals and alloys is
a well-known method for producing different scales of microstructure. The high
cooling rates achieved by rapid solidification technique, leads to the increase m
the solubility limits, the refinement of the microstructure as well as improving
the electrical, magnetic and mechanical properties.r The different microstructure
morphologies developed from rapid solidification are always controlled by the
amount of the attainable underccoling and growth rate. In some cases,
microsegregation-free and amorphous structures can be obtained at very high

cooling rate.

Numerous investigators have studied the microstructure variation of the rapidly
solidified metals and alloys. Eutectic alloys, especially, have been the subject
of several investigations. Ag-Cu and Al-Cu eutectic alloys, are the most

lamellar binary ones that have been used as a model system for studying the
solidification behavior of lamellar eutectic growth. However, there still a lot of
work needed in order to understand the mechanism of solidification especially

in the case of rapid solidification.

Therefore, the present work was devoted to study the solidification mechanism
of the rapidly solidified Ag-Cu and Al-Al, Cu eutectic and near to the eutectic
alloys. Three alloys representing the hypo-eutectic, eutectic and hyper-eutectic
alloy, are prepared for each system. Levitation and pouring casting techniques
were applied in order to perform the concept of rapid solidification. The
cooling curves are recorded during the experimental mns. The cooling rate and

the undercooling are measured from the recorded curves.



For Ag-Cu alloys, the microstucture of the solidified samples are extensively
examined using the optcal and scanning microscopes. Attempts are made in

order to correlate the obtained microstructure with the solidification condition.

For Al-Al; Cu alloys, it was possible to establish the kinetic relations which
represent the interlamellar spacing-growth rate, undercooling-growth rate and
undercooling-interlamellar spacing relationships by using a simple heat flow
model in order to calculate the growth rate. A lamellar entectic growth model
was proposed by adding a new undercooling term mto the general undercooling
equation. This term was calculated based on the thermodynamic of the phase
diagram calculations incorporated with the lattice faults that can be arisen due
to rapid sclidification. The proposed model is verified through the experimental

results.
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LITERATURE SURVEY



1. 1 Rapid Selidification Processing
1. 1, 1 Intreduction

In the last four decades sigmificant advances have been made in the field of
rapid solidification. The initial stimulus for the field of rapid solidification
came from Pol Duwez's report [1] in 1960. Pol Duwez has used the gun
technique, Fig. 1.1, in order to achieve the concept of the rapid solidification.
He has found that normal two phase mixture of an equilibrium sutectic alloy
could be replaced by either an extended solid solution, a new crystatline phase
and/or non-crystalline phase (1 e glass), simply by quenching, with

sufficiently high cooling rate, from the liquid state. The rapid solidification 15
most readily achieved by imposing a high cooling rate of order 102 to 1010
K. sec'l, This, of course, requires sufficiently good contact of a sufficiently
thin section of melt with a highly conductive heat sink. Comparing with the
conventional solidification, the rapid solidification has the following particular
characteristics [2]: {i) large departures from the equilibrium constitution, (ii)
meore uniform and size refined solidification, () elimination of the redundant
working and finishing operations. Generally, it has been became clear now that
under the conditions of rapid solidification of the metals and alloys it is
possible to: refine the microstructures, extend the solid solubility, produce
a non-equilibrium and/or metastable phases and, at a certan level of very high
cooling rate, amorphous solids can be formed. These characteristics improve
the mechanical, electrical, chemical, and magnetic properties of specified

metals and alloys.

In the following sections, the different techniques of the rapid solidification
processing and the microstructures that can be obtained from such techniques,

will be given. The principles of the rapid sclidification as well as the features
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