
Practical 20 Materials and Minerals Science
Course C: Microstructure CP4

1

Eutectic Systems

1.1 Eutectic Reactions

A single-component melt solidifies directly to a single-component solid:

Pure Liquid → Pure Solid

In the last practical we saw that a liquid solution solidifies into an approximately ideal solid 
solution via a two-phase field:

Liquid Solution → Liquid Solution + Solid Solution

with the proportions of liquid and solid solution changing continuously from 100% liquid to 
100% solid as the system cools through the two-phase field. If the solid solution is non-ideal 
then a third type of solidification behaviour may occur (the eutectic reaction):

Liquid Solution → Solid Solution A + Solid Solution B

i.e. the liquid solidifies at once to an intergrowth of two solid phases.

In this practical we will examine the thermodynamic origin of the eutectic reaction, and the 
phase-diagram topology characteristic of eutectic systems. We will then explore one way in 
which the phase diagram of a real system can be determined experimentally. The practical is 
in two parts. You should aim to spend around 50 minutes on part 1 and 70 minutes on part 2.

What you should know by the end of the practical!

i. What is meant by the terms ‘eutectic reaction’, ‘eutectic composition’, and ‘eutectic 
temperature’, and ‘eutectic intergrowth’.

ii. Understand the thermodynamic origin of the eutectic reaction.

iii. How to interpret cooling curves of a solidifying binary alloy and from this deduce the 
form of the equilibrium phase diagram.

iv. How to interpret the equilibrium phase diagram of a eutectic system. 



Practical 20 Materials and Minerals Science
Course C: Microstructure CP4

2

(a) On the computer, double click the file “Eutectic Free Energies” located on the 
desktop. You are presented with five windows entitled “Eutectic Free Energies”, 
“Control Panel”, “Free energy”, “Enthalpy”, and “Entropy”. The first window can be 
ignored (you can minimise it to the task bar (windows) or dock (mac) by clicking the 
middle window widget).

1.2 Free energy curves

(b) Set the following values for the parameters in the control panel: 

HA Solid = 2000, HB Solid = 2000
Interaction Parameter = 10000
SA Solid = 14, SB Solid = 14

HA Melt = 6000, HB Melt = 6000
Interaction Parameter = 0
SA Melt = 22, SB Melt = 22

Temperature = 1000
Bulk Composition = 0.5 (any number will do at this stage).

Which phase has the lowest free energy at this temperature (solid or melt)? Over what 
range in compositions is this phase stable?

(d) Reduce the temperature to 400 K, and set the bulk composition to 0.15. Note that 
the free energy curves of the solid and melt intersect each other at two points. Which 
state has the lowest free energy (single-phase melt, single-phase solid, or two-phase 
mixture of solid and melt) at this bulk composition? 

(e) Click on the “Add Cursors” button, and perform a common tangent construction to 
determine the composition of solid and melt in equilibrium at 400 K and bulk 
composition 0.15. Given, that the free energy curves are symmetrical, write down the 
equilibrium compositions for a bulk composition 0.85. What is the equilibrium state 
of the system for a bulk composition 0.5?

(c) Given these data, calculate the expected freezing temperature of the endmembers. 
Confirm your answer by entering the calculated temperature in the control panel and 
comparing the free energies of the solid and molten endmembers.
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(f) Draw the axes of a graph of temperature versus composition. Add points 
corresponding to the freezing temperatures of pure A and pure B, and the equilibrium 
compositions at 400 K from part (e). Repeat the common tangent construction for a 
range of temperatures between 500 and 300 K. Add these points to the phase diagram.

(g) Set the temperature to exactly 294 K. What do you notice about the free energy 
curves of the solid and melt? For a bulk composition of 0.5, what would be the stable 
state of the system at a temperature just above 294 K? What would be the stable state 
of the system at a temperature just below 294 K?

The temperature 294 K (in this specific case) is referred to as the eutectic temperature. This 
is the temperature at which the melt phase is in equilibrium with two solid phases (i.e. the 
free energy curve of the melt and the free energy of two solid phases lie on the same 
common tangent). The composition of the melt phase at the eutectic temperature is referred 
to as the eutectic composition. A melt with bulk composition equal to the eutectic 
composition will transform directly to an intergrowth of the two solid phases on cooling 
through the eutectic temperature (the eutectic reaction). The typical microstructure 
associated with this type of solidification is shown in Fig. 1 (a eutectic intergrowth). Below 
the eutectic temperature, there is a broad two-phase field consisting of an intergrowth of the 
two solid phases.

(h) Map out the two-phase field below the eutectic temperature to complete your 
phase diagram. Label all fields on the phase diagram appropriately.

Fig. 1. Microstructure of an Al 67, 
Cu 33 (wt%), eutectic alloy. 
Liquid of this bulk composition 
solidifies at the eutectic 
temperature to an intergrowth of 
two solid phases (one is essentially 
Al metal and the other is an 
intermetallic compound of CuAl2). 

Note the fine length scale of the 
intergrowth and the regularity of 
the spacing and width of the 
lamellae. These are characteristic 
features of eutectic intergrowths.
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1.3 Interpretation of eutectic phase diagrams

(a) Using the phase diagram derived in part 1.2, describe the stable state of the system, 
and the compositions and relative proportions of phases present for a bulk 
composition of 0.15 and temperatures of i) 500 K, ii) 400 K, iii) 300 K, and iv) 290 K. 
Compare the amount of melt present at temperatures just above and just below the 
eutectic temperature.

(b) Repeat part (a) for a bulk composition of 0.5.

2.1 Determining phase diagrams from cooling curves

At constant pressure, a pure material has a unique freezing temperature. For slow cooling, 
the cooling curve should look like the one shown in Fig. 1a. The liquid cools steadily until 
its freezing temperature, TA, is reached. Ideally, crystallisation should begin at this point, 
and the latent heat given up should maintain a constant temperature until all the liquid has 
solidified. In practice, some initial undercooling (or supercooling) must occur to provide 
sufficient driving force for the formation of stable solid nuclei (we will deal with the topic 
of nucleation in a later practical).  

Fig. 1. Cooling curves for a pure solid and an off-eutectic composition
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2.2 Solidification of Sn-Bi alloys

Tin (Sn) forms a simple eutectic system with bismuth (Bi). The maximum solid solubility of 
Bi in Sn is about 17 wt%, but is very low at room temperature. Bi has virtually no solid 
solubility for Sn across the complete temperature range. 

Eleven crucibles are provided, each containing known proportions of Bi and Sn. 
Solidification experiments should be carried out in groups of two or three. Each group will 
obtain a cooling curve for a particular composition, such that all the compositions are 
covered by the class as a whole.

For a simple binary eutectic alloy melt, cooling through a two-phase region (in which solid 
and melt co-exist), produces a different type of cooling curve (Fig. 1b). As the temperature 
drops below the liquidus (TC), a small amount of solid is formed. The quantity of latent heat 
is small - but sufficient to decrease the rate of cooling. As the temperature falls further, more 
solid forms (governed by the lever rule) and more heat is given out. The net effect is that the 
system cools at a significantly lower rate until the eutectic temperature, TE, is reached. At 
this temperature, the remaining liquid (now of eutectic composition) transforms directly to 
the solid eutectic intergrowth. The fraction of material solidified prior to TE is given by the 
application of the lever rule. Provided that the amount of liquid remaining at TE  is 
significant, the cooling-curve then remains horizontal until all the liquid has solidified. The 
eutectic composition itself shows a cooling curve of similar form to Fig. 1a, but with the 
arrest occurring at the eutectic temperature. 

It should be noted that, particularly for some compositions there is a tendency for oxide to 
accumulate after repeated melting and resolidification, or perhaps just after a single melting 
operation. Such “slag” layers should be scooped off the free surface of the melt before 
cooling is instigated, since they may lead to the recording of spurious cooling curves.

(b) The liquidus lines of the binary eutectic are to be obtained by observing the rate of 
cooling for a series of alloys. Heat the crucible on the tripod and gauze until the 
mixture is fully molten, and then turn off the gas. DO NOT HEAT ABOVE 275 °C. 
Dip the glass tube into the molten mixture until the bottom of the tube just touches the 
bottom of the crucible and clamp the tube in a vertical position (note: this may have 
already been done by the previous user). Put the thermocouple wire down the centre 
of the tube. The thermocouple should rapidly reach the temperature of the molten 
mixture and this temperature will be displayed on the LCD. Keep stirring while 
possible. 

(a) Check the calibration of the thermocouple by using it to measure the temperature 
of boiling tap water. This should give you an estimate of what accuracy to expect 
when comparing your values of TC and TE with those of other groups in the class.
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(c) Measure the temperature at 15-second intervals, and plot the cooling curve. 
Determine the liquidus temperature (at which the first major change in slope occurs), 
allowing for undercooling effects. Continue to take readings until the temperature 
reaches 120 °C (all samples will be solid by then). For compositions away from the 
pure Bi and pure Sn endmembers, it should be possible to detect the freezing point of 
the eutectic. Observe particularly the ‘mushy’ state of mixed solid and liquid when the 
system is cooling through a two-phase region. Results obtained by each group should 
be displayed on the board. Using the results from your own group and from others, 
construct the phase diagram. 

(d) Using the phase diagram derived in (b) describe the sequence of events occurring 
when a melt with composition Sn-15wt%Bi is solidified slowly. A complete 
description should mention the temperature at which solidification begins and ends, 
the composition of the first solid to form on cooling, the composition of the last liquid 
to solidify, and what happens to the final solid as it is cooled. 

(e) Repeat part (d) for a bulk composition of Sn-30wt%Bi. 


