MatSE 471

Laboratory 10

Phase Diagram Determination

1.
Objective

The objective of this laboratory is to determine a portion of the lead-tin phase diagram using thermal analysis.

2. Background

The cooling of a material takes place at a rate that is dependent on its heat capacity.  If no phase transitions occur, we observe a cooling curve (temperature vs. time) that is smooth and monotonically decreasing, as shown below.




Figure 1. Cooling curve for a material that does not undergo a phase transformation.

If, however, phase transformations occur during cooling, the cooling curve experiences a discontinuity at the temperature at which the phase transformation takes place (see Figure 2). There are two reasons for this phenomenon. The first is that the new phase often has a heat capacity that is different from the old phase, so the slope of the cooling curve will change as a result of the transformation. A second, more important reason is that most phase transformations that occur on cooling give off heat. For instance, a complete description of the freezing of water would be

H2O(l) ( H2O(s)+ heat

(This heat is why farmers in Florida spray their orange trees with water during a freeze:  when the water freezes, it gives off heat that warms the trees so the trees don't die.)

When heat is given off during a phase transformation, the cooling rate during the transformation is significantly decreased. Thus, a sudden, significant decrease in the slope of a cooling curve often signals the onset of a phase transformation. When the phase transformation is complete, cooling resumes at a normal rate. Note that phase transformations that give off only very small amounts of heat are hard to detect by thermal analysis, for the change in cooling rates in these cases is slight.
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Figure 2. Cooling of a material that is undergoing a L ( S phase transformation. During this transformation, the rate of cooling is noticeably decreased, due to the heat of fusion evolved. When the L ( S reaction is complete, cooling resumes at a faster rate, but the rate of cooling of the solid is somewhat different than that of the prior liquid, due to the difference in heat capacities of solids and liquids.

There are some conditions under which a phase transformation will cause cooling to stop entirely, resulting in a thermal arrest of the cooling curve, as shown in Figure 3.  These conditions can be predicted by the condensed Gibbs phase rule: P + F = C + l. In this equation, P is the number of phases present, C is the number of components (= 2 in a binary alloy), and F is the number of degrees of freedom.  If F = 0, then the temperature cannot change during the phase transformation, and we get a horizontal line on the cooling curve. Thus, for a eutectic transformation in a binary alloy (say, Pb-Sn), P = 3, C = 2, and so F = 0. The result is a thermal arrest during the eutectic transformation, as is observed. The freezing (L ( S) transformation of a pure metal will also exhibit a thermal arrest (P = 2 and C = l, so F = 0 in this case also).
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Figure 3.  Cooliing of a material undergoing a eutectic transformation.  Note that, during the eutectic transformation, the cooling curve exhibits a thermal arrest.

A cooling curve for one alloy composition will indicate where liquidus, solidus, eutectic, and other transformation points on a phase diagram should be located for that composition. If we have cooling curves for a number of compositions, we can describe the entire phase diagram.  An example of such an exercise is shown in Figures 4a and 4b.
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Figure 4a.  Phase diagram for the Ag-Cu alloy system.  The vertical lines represent the concentrations for the cooling curves in Figure 4b.  [From Dickerson, Molecular Thermodynamics, The Benjamin/Cummings Publishing Company:  Menlo Park, California, 1969, p. 371.]
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Figure 4b.  Cooling curves for the Ag-Cu system of Figure 4a.  The region from the top of the curve to point a represents cooling of the liquid.  From a to b, the liquid is continuing to cool, but at a slower rate since a solid phase is crystallizing out and giving off its heat of fusion.  Section b to c is a eutectic arrest which lasts until the last liquid crystallizes, longer or shorter depending on how much liquid was left when the liquid composition reached the eutectic point (w in Figure 4a).  From c to the bottom of the diagram, the solid phase or phases are cooling.  It is from information such as these curves provide that phase diagrams like Figure 4a are constructed.  [Figure and figure caption from Dickerson, Molecular Thermodynamics, The Benjamin/Cummings Publishing Company:  Menlo Park, California, 1969, p. 372.]

3.  Procedure

You will have available seven different compositions of a lead-tin alloy, as listed below:

Table 1.  Sample compositions, in weight percent

	      Sample                

	               Pb                    

	                 Sn


	          1        

	              100 

	                   0


	          2    

	                90         

	                  10


	          3      

	                81      

	                  19


	          4                

	              38.1                

	                 61.9


	          5

	                20

	                   80


	          6   

	                2.5  

	                 97.5


	          7  

	                  0  

	                 100



	


For each alloy composition, melt the corresponding sample in a furnace.  The experimental setup is shown in Figure 5.  Once the alloy is molten, turn the furnace turned off, thereby allowing the alloy to cool.  The temperature of the cooling metal will be monitored by thermocouple.  A cooling curve will be recorded, either by computer or by strip chart recorder, using the output from the thermocouple.  When all seven cooling curves have been collected, examine them for the points of discontinuity and the thermal arrest.  Plotting these points accordingly on a temperature vs. composition plot should then produce a partial Pb-Sn phase diagram. Compare your diagram to a published version to see how well this experiment worked.    

[image: image5.wmf]
Figure 5.  Experimental setup for melting Pb-Sn alloys and monitoring their cooling curves.
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