Metal 471

Laboratory 11a

Thermodynamic Calculation I:  Activation Energy

1. Objective 

The objective of this laboratory is to determine the activation energy for diffusion in a Cu-Au diffusion couple and to compare this activation energy with one previously reported in "the literature" (in this case, the lab manual).

2. Background 

The temperature dependence of the diffusion rates of mixing (Dchem) of, for example, Cu and Au can be expressed in the form:

Dchem = D0 exp(-Q/RT)

where D0 is known as the frequency factor, Q is the activation energy for diffusion, R is the universal gas constant and T is the absolute temperature.

Taking the common log of both sides yields:
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Thus, one can calculate the activation energy for diffusion (Q) by plotting log10(Dchem) vs. 1/T and finding the slope (slope = -Q/2.303R). The activation energy of a process is a very critical number, since it determines how temperature-sensitive the process is.

3. Procedure

Using a plotting program that performs linear regression (i.e., one that finds the best fit line for a set of data), determine the activation energy of diffusion mixing in the Cu-Au system. The chemical diffusion coefficients (Dchem) tabulated below were obtained using a Boltzmann-Matano analysis of a Cu-Au diffusion couple at 50 atomic % Cu.

	Observation #
	T (K)
	Dchem(cm2/s)

	1
	588
	5.01 x 10-14

	2
	653
	7.94 x 10-14

	3
	693
	5.01 x 10-13

	4
	750
	1.60 x 10-11

	5
	803
	4.47 x 10-12


Another experiment produces somewhat different data for the same system. The data are given in graphical form below. Make a graph of ln Dchem vs. l/T (T in degrees Kelvin) with both sets of data on it, showing the linear regression lines and calculated activation energies for each. Transform the graphical data to tabular form, then use a graphing program to plot the two tables of data onto one graph. Moving the final graph to a drawing program will allow you to clean up the graph and make it of presentation quality. 
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